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BE IT REMEMEBERED, that on Friday,
January 11, 2013, commencing at the hour of 1:00 p.m., at
the Officesz of Delta Stewardship Council,
980 Ninth Street, Suite 1500, Sacramento, California
before me, JILLIAN M. BASSETT, a Certified Shorthand
Reporter in and for the county of Sacramento, state of
California, was present and recorded wverbatim the

following proceedings:

PUBLIC COMMENTZS:

BUET WILSON

PUBLIC WATER NEWS SERVICE

ME. ISEMBERG: Mr. Wilson, by the way, did
something wvery helpful, ladies and gentlemen, when he
filled out the form. He put on the form the part of the
hearing today that he wishes to talk about, specified it
az the Delta Plan. That's very important. We're hearing
testimony on three related documents. [~ RIL4

And Mr. Wilson, thank vou for doing that.

ME. WILSOMN: I'we been coming to these meetings
zince the Delta Vision Committee. 80 I'wve learned

something.

ME. ISEMBERG: Yes, wou have. This iz five vears

Response to comment RI14-1

This is a comment on the project, not on the EIR.
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of work on yvour part.

MR. WILSON: And having done that, I want to &
I appreciate the input of everybody. Chris got up to
speed pretty fast, teoo. And I want to thank you all fo

vour contributions.

I have a few things. First, about the coequal
goals. Coequal doesn't mean build years apart.
Coequal -- the dictionary definition is: Equal with

another or each other in rank, ability and extent.

30 zince the bond for the Water Habitat
Restoration is not golng to be voted on until 2014 in
November, I would say that that is when any work on the
tunnels should begin. If they are even goling to pass.
Because then that makes everything coequal.

If the tunnel starts sooner —- and I know Jerry
wants te get stuff done, and get the tunnel on. And IT]
come back to that. But I think you may —-- wou're the oz
that wrote the coequal goals, so —-

ME. ISEMBERG: No, Mr. Wilson, the legislature
put in statute the coegqual goals.

ME. WILSON: Okay. All right.

Now, 1in financing methods in the Delta Plan wyo
have two general obligation bonds and revenue bonds. My
understanding with Jerry Meryl iz that the five brothers:

the ztate and federal Water Contractors' Associliation arg

W

f— RT14

No comments
-n/a-



10

11

12

13

14

15

15

17

15

12

20

21

22

23

24

25

going to be the principal beneficiaries and put up the
money by revenue bonds for the tunnel. That is my
understanding.

Revenue bonds, of course, do not reguire voter
approval. And I think anything of the measure of a
%14-billion twin tunnels tearing up the Delta i= somethi
that should go bhefore the People. Revenue bonds, the
reason they don't require voter approval as it savs herd
because they are secured by a dedicated revenue stream,
zuch as water =zales.

Now, are you going te tell me that MWD and
Westlands Water District and all the others who are in 1
five brothers are going to make encugh money off of this
to finance $14-billicn of the twin tunnelz? I don't thi
So. But I'm going to come back to that.

Az far az the Delta Plan, chapter 1, line 16
Says: "Today the Delta i1z many things to many people.
and iz universally regarding crisis, because pecple havg
not vet been able to find balance in the tradeocffz amon
competing demands for the Delta’s resources. ”

That sentence means nothing. The reason it's
crisis is because the Department of Water Resources
increased the diversions to the Metropolitan Water
District from 2000 to Z006 to make up for the MWD'=z losg

of Colorade River water. I'wve given wou a chart on thisg

1],
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before. And that'™s -- and all the pumps making

reverse -— rivers run in reverse at that time, and
everything else that happens when you pump water, has p
the Delta in crisis. And I would like to see that chan

The Delta iz in crisis because of extra DWR
diverzions to the MWD from 2000 to 2006.

MNow, under the Delta problem, line 13, water
exXperts --

ME. ISEMBERG: Which page? Same page?

MRE. WILSON: MNo, it'=s under the next diwvision
called, "The Delta problem."”

MR. ISENBERG: TYes, page 16

ME. WILSON: Okay. Line 13.

"These regulatory and court-ordered restrictioy
on state and federal pumping in 14 combination with the
2000, 2008 drought significantly reduced exported water
the 8WP and the CVP contractors."

Tt doesn'™t say that the court ordered the
restrictions because the diversions okaved by the DWR t
the MWD killed all the fish. And it was for this reasoy
that Judge Wanger put in the court order to stop the
diversions. Because it was literally ruining the Delta
It was killing all the fish. And that was the reason.
And I would like to see that —- I would like to =ee a

little transparency here on what really happened.

f— RT14
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MNow, Governments and the Delta Reform Act of
2009, line 30 --

MR. ISENBERG: Menbers, on the clean copy of t}
Delta Plan, that's page 18 starting at line Z28.

Mr. Wilson, wvou may be using the red-line
verzion. But that's the gection you're talking about.

ME. WILSON: Okay. The legislature establishe
the policy of the state i1s to reduce reliance on the Del
in meeting future water supply needs through a statewids
strategy of investing in improved regional supplies,
conservation, and water use efficiencies.

Wow, I want to talk akbout that for a minute.
Because my whole problem with this is transparency. Th
doesn't mean clouding over an issue with a bunch of wor
that den't mean much. To me it means telling the truth

And as far as this goes, I was at a BDCP meetiy
a while ago, and Jerry Meryl announced, "We're not goin
to take any new water from the Delta.” And I jumped up
and said, "Well, then let's scrap the tunnels. You knoy
Why are you going to have the tunnels if you're not goiy
to take new water from the Delta?”

Well, I was like everybody else. In fact, the
were three protest groups today slamming Governor Brown
for the tunnels in the Delta iz going to take more wate

and gtuff like that. Would wvou believe that I have =zeeq

ta
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the light, and I don't believe that more water is going
ke taken from the Delta?

ME. ISENBERG: Please note it is 1:59 p.m. on f
11th day of January 2013.

Madam Secretary, note Mr. Wilson's comment on
this.

ME. WILSON: MNow, let me tell wou what I think
going to happen. I happened to watch a PPIC meeting by
Ellen Hannick on water marketing. The reason for it was
the transfer and exuchange of water for compensation. Ay
here we're talking akout water sales.

Curt Aiken said -- and I gquote -- "The twin
tunnels will make it easier to affect water exchanges f
noerthern to scuthern water markets. Ground water
"

subztitution and the need for infrastructure.

Mr. Hersh, Steve Hersh told the story one time

that two-thirds of the water banked in MNorthern Californi

went out to the ocean and there was no way to get it to
the MWD because it went past —-- 1t just went down the

Sacramento River and went out because the Delta couldn™f
handle it to get it to the pumps. Mr. -- he said, "The
infrastructure 1s there. Its environmental regulation I
to hold up water supplies.”

Well, all the =sudden a bigger light when on.

They're not going to take new water for the Delta. The

to

he
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tunnels are actually there to facilitate water transfers:

from Northern California reservolr through the Delta to

the five water districts who are going to contreol all of

this. And this is surplus water. And they're going to
zell the surplus water to the o¢il companies for frackin
around Kern County and so forth.

MNow, here’s a map. And T will giwve it to you.
You've probably seen this before. See the green is whe
the ¢il iz and the red is where the natural gas is.

ME. ISEMBERG: I can't remember. Iz that a U.
Geologic survey?

MR. WILSOM: Geothermal.

MR. ISENBERG: I want to make sure for cur rec
that we know what document vou're referring to,
Mr. Wilson.

Do yvou know the source of the deocument? An
agency? A firm?

Could you giwve it to us later or shoot us an
e-mail, if you would? And if wvou have a chance of send]
coples, we can enter the copies into the record.

ME. WILSON: I'm going to leave these here wit]

you.
MR. ISENBERG: Oh, okay. Thank wyou.
MR. WILSOMN: Look at the natural gas deposzits
under the Delta here. Now, in Greeley, Colorado current
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this iz occcurring. The water agencies are selling waters
to the farmers for -- and this comes from the Colorado

newzpaper. Are selling water to the farmers for 530 an
acre foot. They're selling water to the o0il companies for
53,300 an acre foot.

Now, think of all our water transfers from all|of
the storage banks and the reservoirs in Northern
California that's going to be shipped through the tunnels
=0 Westlands Water District and evervbody can sell it af
inflated prices to the 0il companies for fracking.

MNow, ITve been having a go with occidental
petroleumn. BEecause they want to drill 154 new shale wells
this wear down there. I wrote their PR Department and o
=aid, "Where are vou going to get the water for this?"”
They wrote me back, "We do not discuss company
operations. "

S0 they stiffed me on that. But trust me, what
we're setting up here iz a way for surplus water from the
north to be sent through the Delta to the water agencies

who have no conscience about selling it for as much as

surplus water for as much as they can get to the oil

companies.

The o0il companies are -- right now, they had
a -- Bureau of Land Management had an auction the other
day; 18, 000 acres went in ten minutes. If this

10

No comments
-n/a-



10

11

12

13

14

15

15

17

15

12

20

21

22

23

24

25

continues —-- and see, the debate isn't whether fracking
gafe or net. And it's net safe. The debate is this st
is golng to be overrun with natural gas wells and oil
wells. Because once you confiscate land in the Delta, 3
have a leaze on that through the mineral rights, and wo
can get wyour mineral rights there. This iz all being d
for the cil companies.

And this is -- if I may go further?

Thiz isg part of a natiocnal energy plan that be
in Dick Cheney's office two weeks after the inauguratiof
in 2000. He inwvited all the oil company executives to
private meetings over a number of months. None of the
information on that meeting -- those meetings ever leaks
out. It was ztiffed. Nokody ever got a hold of it. T}
only thing that leaked out was that the meetingzs were

about national energy policy.

MNow, here iz what that policy iz. And Californi

and the Delta figure in that. And if wvou don't know thi
you should know this.

When Obawma, in his wvictory speech, said, "And
we're golng to achieve energy independence, " and everyb
screamed and yelled. And I'm sure half the people ther:
meant solar and alternative energies. But no, you thin
the o0il companies are golng to alleow that?

Here's the thing: Califcrnia i= the key to the

—qx]]o'l
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whole national energy policy. The natural gas and the
deposgits here. MNot only California, but North Dakota
which borders Canada, which the two have one of the
biggest zhale deposits ewer existing right there. The
kevstone —-- thevy want the kevstone pipeline to go from
North Dakota down to Texas where all the LNG terminals
are. Right now LNG is cheap. You're golng to see soon
trucks running on LNG. It's s=o cheap that in foreign

countries it's zelling for three times the price here.

S0 we're going to export LNG to Europe. At the

same time, we're going to export more coal to Europe an

end the coal burning here. Because the greenhouse gases

and things like that. Eecause coal is cheaper than
natural gas in Europe. From California, we're golng to
export oil and national gas to China. And we import
8-millicn barrels a day right now. We produce
six-and-a-half million barrels today. It's proposed th
by the wyvear 2020, we will double our producticn here.
California is going to be a big -- play a big role in
that . That's thirteen barrels a day.

Where iz it going to go? It's going to go to
China to pay down the debt we owe to China. That's the
whole big picture of the energy policy of the United
States. And I tell them, it's going to turn Califernia

into a wast industrial wasteland. And the two tunnels

il
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the kev to that. To letting the five water agencies —-
wonder they're going to pay for the tunnels. They're
going to reap millions and millions and millions of
dollars the way the water agencies in Colorado are doin
oW,

Not only that, cities are selling surplus wate
They're driving tank trucks up to fire hydrants in
Colorado and filling them with water for fracking. All
thiz for fracking.

S0 I wanted to bring that to wour attention
today. Becauze i1f we're not going to take more water o
of the Delta, and we're going to build tunnels, what ars
we bulilding the tunnels for? To transfer water from
MNorthern California to the water agencies below the Delf
Thiz isg not a deal that won't be —- I believe they will
probakly be administered by the Department of Water
Regources, right?

MER. ISENBERG: I deon't know.

MR. WILSOM: But water flows upward to money.
Where the money is, the control is. It takes the contr
out of the state and turns it over to private enterprisg
just like we'we given the current water bank to
Stewart Resnick down in Bakerzsfield now.

S0 these are all -- these are the real things

that you are dealing with today. And I just wanted to

no

of
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bring them to your attention. Because I don't think thg

Delta Plan -- the Delta Plan gives people the wrong ide

of what's really happening with the tunnels and the plan.

Thank wyou.

MRE. ISENEERG: Thank wyou very much.

- RI14)
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WILLIAM H. EDGAR

PRESZIDENT CENTREAL VALLEY FLOOD PROTECTION BOARD.

MR. IZENBERG: Mr., Edgar?
Members, for thosze of yvou who have not met him
vet, Mr. Edgar is the current chair of Central Valley

Flood Protection Board and former city manager of

Sacramento and well known in this region. And a previous

member of the old Reclamation Board, which was the entity

that preceded the Flood Protection Board.
Mr. Edgarc?
MR. EDGAR: Thank vou, Chair Isenberg, Members

the Delta Stewardship Council.

My name 1z Bill Edgar. As Phil indicated, I am

the president —-

ME. ISENBERG: You'we got to have the mic right
in front of vour -- wyup. Even if wyou can't read vyour
notes.

MR. EDGAR: I have with me this afterncon
Tim Ramirez, who 1= also recently appointed and confirme
memker of the beoard.

MR. ISENBERG: This iz the high energy wvounger
member of the board?

ME. EDGAR: Yes. Yes. Yeah. And our Chief

Engineer Lynn Moreno is also here.

s

f— RIY4
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Mr. Isenberg, we'll be speaking on the
regulations portion of this public meeting.

Az an introduction, I don't think it's any secr:
te anyone that most of the appointmentz of the Flood Boa
have been done leszz than a year ago. And gquite frankly,
we've been drinking from a fire hose =since that time. T4
were thrown inte a very difficult and contentious
plan-adoption process. And after =iz months of pretty
hard work and a lot of support locally and regionally, w4
were able to have the plan adopted in June. TWhich is an
on-time plan adoption. And we also now have a certified
environmental deocument.

And I believe of all the plans we're talking
about;: the Water Plan, the Delta Plan, the BDCP, the Flo
Plan, and so¢ on, this iz the only adopted plan with a
certified envirenmental decument that we have.

In addition to the Plan Adoption Process, we we
kind of thrown a curve ball by the Corps of Engineers.
And I don't know whether you read that in the paper or

not. But after a series of inspections of all the

levees -- we estimate, by the way, that there are probabl

95 percent of all the lewees in our gyztem that does not
meet the Corps' standards. Therefore, they have started
process whereby they are incrementally removing reaches

the levees from the PL-8499 program. Which i=, as you

HE
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probably know, the program which gives federal money to
local agencies to rebuild lewvees after floods.

%0 this is a pretty big deal for us.
Particularly, the local LMAs who are concerned akout that.

Anyway, we'wve been worried about that. We'wve
been fighting with them and going back and forth and
talking about fizing levees; what we'd do about illegal
encroachments; encroachments that are illegal that have,
in fact, been permitted. Which is an interesting concept.
And a number of other issues.

And the so-called U.8. Corps of Engineers
Variance Process, which is called a SWIF, Systemwide
Improvement Framework that the Department of Water -
Regources hates because it kind of diwverts us from the
implementation of plan.

But anyway, the Corps of Engineers iz dealing
with that. We understand now that the Corpsz is regquirin
a SWIF on almost every permit that you seek from the
Corps, even though it's not statutorily permitted or
required or anything else.

For example, the 408 Process, which iz the
federal procezss for rewviewing flood improvementz. For
example, Safe Ca in the Natomas area has done that,
Sabuf Ca (phonetic) iz working on a 408 Process.

And the 104 Process, which iz the reimbursement

13
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process that we spend money first and get Corps' money
later, they are requiring that a SWIF be included in that
process. Which is a new and emerging requirement.

Mr. Isenberg, the bottom line iz that our Board
has not focuzzed on the isszue of coordinating our
Flood Plan implementation efforts with all the other plar
that are going on.

I mean, we recelived a staff, and now that our

plan has been adopted, our big issue now i1s, how does thi

plan fit inte all these other plans? And do they work?
And what are we meaning?

Well, we are right now implementing a very robus
procezs of regional planning. The Flood Plan called for
nine regional planing efforts in nine regions. We're do
to six areas now. Some have been consolidated and went
back and forth. We now have =iz planning areas througho
the system in which the plan iz going to be implemented.

Bottom line is they are preparing the plans,
regional plans. The Department of Water Resources will
in fact influencing thesze regional plans by commenting ol
system -- the need for systemwide improwvements and
Fitzroy ({phonetic). Which iz an organization that is ru
by the Department of Water Resource. I think it stands
for Flood Safe Environmental Stewardship -- something or

cther —— 0ffice. But whatever that is, they are going t

n8=3
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be coming out with their environmental goals and
objectives and of course they also have to be involwved ir
the planning.

Mow, all of this said, as we move towards
degigning of projects and implementation planning and
toward construction, we are going to hawve to figure out
how these plans -- how these implementations, who gets
what permit from what and how these all work with all
these other plans that are going on. And to be honest,

don't hawve a clue how that's going to happen.

Gary Bardini in Department of Water Resources h
a vigion for how this iz all going to work. But you've
got me on how it's all going to work. And it may work.

And he's tried to explain it to me, and I don't understary
it. But he's good at it. 8o he can do that.

We had a presentation at our board meeting this
morning given by the department on how the Water
Management Plan is going to integrate all of these
different plans that are going on. And we were told thi:
morning that nobody's statutory authority, nobody's
current area of responsibilities and jurisdictions are
going to change. We are going to work together, iz what
we were told. Well, that's funny. And that's what we
want to do.

But getting back to the subject at hand, which :

8=
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the Delta Stewardship Council's proposed regulations, we
had, for the board -- the new board, we had our
presentation given by the staff yvesterday. It raised =o
concerns about regarding the regulations, namely
inconzistencies. This wasg in the staff report. And I
don'™t know whether this iz true or not, we haven't had
time to really lock at it. But raises a lot of concerns
regarding the regulations, inconsistencies between boards
Central vValley Flood Protection, Title 23 Regulations, al
those proposed by the Stewardship Council staff.
Overlapping responsibilities and the need for a
jurisdictional authority between board and council, and
inconzistencies with existing state laws and regulations
and the need for definitional clarity was raised.

S0 after some discussion at the board meeting
vesterday, and I believe Tim Ramirez can correct me if I
wrong, that the Board did not beliewve that the legal
council had the appropriate time to analyze our staff
comments, nor has the EBoard had an opportunity to proper!
conzider the issues raised.

DWR'=s legal council was at the meeting and
euprezsed zome concerns about these kindz of iszues. An
they will be submitting comments to you by your deadline
and probably be making appearance at wvour public meeting

on the 2Zd4th is what we're told.

ncl
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g0 now gome of the Board memberz and staff have
asked that I ask you for a continuance or postponement of
the deadline for comments. I'm not going to do that.
Becauze I don't think wou'll grant it, No. 1. And No. 2
I'm not sure wyou should. When our friend Melinda Terry
azsked us whether we would grant an extension for the
Fleod Plan decision, we said no. And the reason we sgaid
no is because we were up against the statutory deadline
and a lot of pressure to get it adopted and so on. And
I'm sure that's what the situation is. So I'm not going
to ask for an extension.

But we are going to ask for the abkility -- and I
think wyour staff has already offered that ability to work
with the Board and try to: No. 1, work out these allege
inconzistencies or issues that have been identified by

some of the attorneys.

And teo that end, we are going to submit kind of
general letter by your deadline outlining some of the
izsues that we see on the regulations. We will establish

b~ RI

a Board Committee to accompany cur staff so that the Board

iz more up to speed on these issues. And we'll try to get

them resoclved in more of a face-to-face discuzsion and
meetings, rather than everybody lawvering up and -- wou
know -- slugging it out. Because I don't think that's

goling to help anvbody.
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0 that's what we're proposing to do, and we'™ll
then heopefully followup with a more detailed letter and so
on.

And we'd request your -- that wyou consider the
comments and suggestions, and you work with us to see if
we can make these things work out.

And frankly, wvou're going to get a lot of
comments on these kinds of issues. "Well, walt a minute
the Fleood Board says —-- the Title Z3 Flood Boards says

this, and yours says this. You're going to get a lot of
that I'm sure from DWER, and a little kit from us. But
quite frankly, we're not az far along as they are.
They've been working on this for some time. | ar

On exisgting authorities of owerlap of
responsibilities and all of that is going to come hefore
Vou. 2nd those issues really need to be worked out and
regolved, I think, on face-to-face examples.

But I'm less interested in that as I am process
How iz all this going to work? For example, we have
authority over permitting encroachments on levees, project
leveezs defined by the system. That's what we do. We also
enforce encroachments. MNot doing a great job with that,
but that's what we're supposed to be doing.

And =o the guestion iz, how -- if somebody comes

in, makes a permit application to us to do some
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improvements, minor improvements, major improvements,
whatever they are, to the levees. Or in the case of we
found one encroachment in Cash Creek where a person
actually dug into the lewvee and put in a wine cellar.

MR. ISENBERG: Prokbably pretty cool.

ME. EDGAR: Te've got to do a better in enforci
those kinds of things.

But the fact of the matter iz, people don't get
it. I mean, these are our first lines of public safety.
You don't put wine cellars in the levees, and you don't
put swimming pools in the levees. We -- just anecdotall
we took a leook at a little pocket here. And what's the

MR. ISENBERG: Not far from what Mr. Edgar,

himzelf, lives.

MR. EDGAR: I know. But what's the universze of

the problem? We don't even know. We don't know what the

encroachment problem is. We don™t have a database, we
don't have a map. I mean, we just don't know. And that
going to take a lot of work to figure out. But
anecdotally, in =ix miles of the pocket area, Jjust an
example, there were 23 swimming pools. Many of which we
encroaching into the clearance area. Some of which were
actually embedded into the levees.

Now, I guess 1f vou keep the swimming pool

filled, it would ke okay. But vou know how that works.

ng
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0 anyway, there’'s a lot of problems here. And
I'm interested in somebody coming in, asking us for a
permit, or we're required to enforce an encroachment in
the Delta. How does that work emactly? Somebody submitg
a permit to usz, we review it and we -- I guess we would
gend it on to you to make a finding of compliance with t}
Delta Plan, and then --

ME. ISENBERG: Mr. Edgar, I'd like to renew a
suggestion we made long before you and Mr. Ramirez were
appointed to the Board.

One of your other current Board members,

Mr. Valine and staff had come owver and wisited and we ha

mentioned that we had already entered intoc memorandums of

agreement with the Bay Delta Conservation Commizsion and
what 1s now called the Department of Fish and Wildlife of
the State of California, essentially setting up a process
of review and contact and evaluation. And we kind of
generally made that offer both to the Beoard, but also to
other state agencies and even local agencies.

I think there iz a lot to be smaid for that
approach for your consideration.

ME. EDGAR: Yeah. You have offered that, as I
understand it from the staff. We have taken a look at
that. It has to be a lot more specific as to describing

the process. The title twenty —-- you know me. I'm a cif

=}
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manager. I need to know how things are going to work,
Phil. I mean, this stuff of policy and planning is fine

But tell me how it's going to work. Somebody comes in £

an application, wvou go through the procesz -- which peopl

hate, by the way. They think it'sz too long. They think
it's onerous. And we're proposing that we charge for it
I've never heard of a syvstem where vou get free -- where
you never collect a fee for a permit. We never did that
at the city for heaven's sake. You come in and you pay

T il s

MER. IZENBEERG: Never?

MR. EDGAR: Never., Well, we shouldn™t, anyway.
It's a time process and they hate the whole thing. I
think the memorandum agreement hasz to he done. We were
told thiz morning that'™s kind of where evervbody 1z goin
They need to get together on these. They have to begin t
manage horizontally, not vertically. That 'z exactly what
we need te do.

But still, this process, to me, 1s going to add
time. And which will drive everybody crazy. S0 we need
to do something to fim that.

MR. ISENBERG: Even before the new members of tl
Board were appointed, I never thought there were
fundamental barriers between council's activity, the new

legislation that created us and gave us our duties, and

t— RI
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the Flood Beoard. It just seems to me that they're
compatible. You do, however, have a geographical range
activity up and down the Central Valley that is outside
our statutory directed area. And conversely, we have
territory that's not within the Flood Board's kind of
thing. The heritage of government setting up multiple
agencies to do similar kinds of things. S0 I'm confident
that we can resolve some ilssues.

And we've benefitted from the letters that have
actually cranked ocut of the Flood Board in 2011 and 2012
on the plan, the envirconmental impact report and so on.

MR. EDGAR: Yeah. Az I =aid, I think thesze

problems can be worked out, Phil. I'm interested in
procez=s. The Title 23, gpecific -- iz very specific. Af
I know Chris has looked at these -- both Chrises -- and

alwavs looked at Title 23. Very specific as to what's
required and =¢ on. And we'll have to get in that kind
detall to deal with this, I believe. And we need to do
that.

ME. ISENEBEERG: Mr. MNotolli?

MR. MNOTOLLI: Just in light of Bill's ocutline ai

certainly hawving a little of background from this

council®™s worlk, but alsoc on other realms. I think that I

want to zay I appreciate Bill being here on behalf of ths

Board and his work and leadership in this arena. I thin

t— RI
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he's talked to some of the challenges that his Board and
colleagues and certainly the entity that he is responsib!
for have and was according with. But I think
underztanding the implications of plans and policies is
very ilmportant, particularly at the project level.

I guess I have a local government perspective
with not only what the intended consegquence is and the
intended outcome. But alsoe when I hear BEill chose his

words, and he picked them pretty carefully, but

"inconsistency, " "overlap, " "lack of clarity," those
things aren't without the ability to be resolwved. But I
think it takes work and understanding. EBut I think in t}
ingtitutional framewocrk in which a lot of people work, f
the party who iz the permittee, that iz where it really
meets -- the rubber meets the road. And when mavbe they
don'™t want to be kefore wvou begin with, but they have to
by virtue of getting permit and doing things properly.
Then wvou add time to that and cost te that. And then if
there wasn't cost before, now I'm payving vou to frustrats
me more and delay me more.

All built inte that mentality, wet you want
people to do the right thing and want agencies to enforc:
their requirements properly and fairly. So I guess T

would say to your request, it seems to me to be one that

reasonable. And I know that Phil weighed in and certain!

L2
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the understanding we have from what you portrayved today,
there needs to be work done certainly at the respective
staff level. But as we go forward and consider these
regulations, it's important to know the implications and
what 1t means to folks at the ground level of those,
whether it be agencies, and certainly a lot of cases
individuals, some crganizations that are going to be
geeking permits from vour body and obvicusly from time t
time come before this council for review of consistency
and/or other certificaticons.

80 I concur. I think it's in everybody's best
interest to do that sconer than later, Bill. o I think
what you've offered today i1g important =o hopefully Chris
and our staff will latch onto that gquickly.

ME. ISENBERG: Ms. Gray? Don't touch it.

M5, GRAY: I want to thank wveou for coming this
afterncon.

You kneow, I think one of the things that are ve
important -- and I've heard basically the same anxieties
that a lot of folks have about the plan iz that they're
still not sure, in fact, how things will work. And I
think vou make that point wvery well today.

And T know there's an Implementation Committee
that will be part of the process once the plan is

approved, but perhaps there’'s a need to have a workshop
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that will clearly state -- figure out what the process i:
what role we play, what role your Board plays or any oths
agency as 1t loocks at different parts of the plan.

8¢ perhaps that's something that council can
congider az we move on. Because it's a great
accomplishment to approve a plan and focus a big part of
the process. But people don't really understand how
things work. Then it'=z not always clear that people are

supportive or really will move forward in a positive way

50 I think that's a very important element of itf.

S0 I think at some point council needs to consider
something like that as part of moving on after the plan :
completed.
MR. EDGAR: We'd certainly be happy to
participate in something like that, Msz. Gray.
Thank wou.

MR. ISENBERG: Thank vou, sir.

2 L
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EOQOB WERIGHT

ENVIRCOHNMENTAL WATER CAUCUS

MR. ISENBERG: The next speaker iz Mr. Wright.
And after Mr. Wright isg Mr. Gaudiner.

Mr. Wright?

Members, Mr. Wright is representing the
Environmental Water Caucus, Friends of The River and
Restore the Delta, right?

ME. WRIGHT: <Yes, Mr. cChalrman.

MR. ISENBERG: Thank wyou, sir.

ME. WRIGHT: Good afterncon, Mr. Chairman and

council memkers. My comments go te the recirculated draf

environmental document, the Delta Plan and the regulatio:
of approaching this in part from a legal perspective.
It's necessary to consider all of the deocuments that are
cut there, bescause of course the environmental impact
reports, what they address is the project, and the proje
in this case is your plan and wyour regulations.

And I'wve got a number of points to make. And tl
first one -- one thing that really jumped out at us is th
double whammy of at this time calling for new conveyance
upstream from the Delta. And we all know from what's
golng on with the BDCP, the Delta tunnels, that's a majo

new cConveyance. They're talking about twin tunnels with

=3
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Response to comment RI14-3

The proposed BDCP is a reasonably foreseeable future project that is not
part of the Delta Plan. It is being evaluated by the Department of Water
Resources as the CEQA lead agency. The cumulative impacts of the
proposed Delta Plan, in combination with the impact of the proposed
BDCP, are described in EIR Sections 22 and 23. Please refer to Master
Response 1.
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capacity of diverting 15,000 cubic feet per second ocut of

the Sacramentoc River in the Clarksburg vicinity and takir
it around to the Tracy pumping plants.

They have zaid that -- they claim they've scale
it down by calling for three intakes instead of five, =zo
the intakezs would be capable of diverting 9,000 cubic fes
per second. The tunnels are 35 miles long. They're goil
to cost billions of dellars. CObviously vou would only
build tunnels at that capacity if that was the water you
eventually intended to take. And it would bhe very easy 1
add two more intakes down the road. And we submit that,
with all due respect, that's what must be conzidered unds
SEQUA, cur environmental laws.

The thing that jumps out, iz in your own plan,
page B0, there is some candor there. And it savs that a:
a result of climate change we can see sea level rise as
much as 55 inches by 2100. And it savs that that will
result in high salinity lewvels in the Delta interior,
which will impair water gquality for agriculture and
municipal uses and change habitat for fizh species.

8¢ what just Jumps out asz being absolutely
agtonisghing iz recognizing that. We all know the Delta
already hasz a problem with salinity intrusion from the
bay. The plan has statements in it where it recognizes

and candidly does admit that a lot of that iz due, of

el
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course, to the already extensive diversions of water fro
the Sacramentc River and from the Delta.

In light of that, to add massive new conveyance
improved conveyance, optimizing diversions in the wet
vears, it just looks like creating a masszive double
whammy . Kind of a two-front war for the Delta facing a
surge of salinity intrusion from the Bay. And at the =al
time taking out the fresh water upstream from the Delta.

Now, 1f you went instead with the alternative -
that the Envirconmental Water Caucus is called for, which
vou've numbered as Alternative Z, to maintain through
Delta conveyance 1ln continue pumping from the South Delt
At least the fresh water that the exporters take remains
in the Delta. It's there to be uszed, to help fight
pollution, help fight salinity intrusion, help protect
agriculture, commerce, and endangered fish species befors
it's taken. And what that also does iz it keeps evervbo
on the same page. And that the exporters like the Delta
itself do have some interest in trying to win the war
againzt salinity intrusion in the Delta, because they al:
are presently taking from the south end of the Delta.

If thiz new conwveyance that your plan iz in
regulations encourage and recommend. If that comes abouf
then the sky iz the limit. The exporters will be taking

water upstream from the Delta and neot be affected by the
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Response to comment RI14-4

The range of alternatives analyzed in the EIR is a reasonable range of
alternatives based on thorough consideration of public input and the
requirements of CEQA. The Delta Plan does not include a Delta
conveyance facility of the type described in the comment, and thus the
EIR neither analyzes the impacts of such a facility nor considers
alternatives to one. Regarding the relationship of BDCP and the Delta
Plan, please see Master Response 1. Regarding the development and
selection of the range of alternatives considered in the EIR, please refer to
Master Response 3.
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galinity intrusion, and the Delta would ke left to face

this on its own.

And as I said, you have to kind of lock at all o

vour documents together. In your recirculated draft EIR

in gecticn 3, at page 3, it does make this generalized

admigzion. That operations of new water supply

facilities, such asz pipelines, tunnels, canals, water

intakes or diversions may create long-term changes in
local mixtures of source waters within water bodies.

In my kook, in my experience, that might pass

muster under SEQUA as an initial statement. What you

start ocut the processz -- initial study, what are the

izgues that we need to address in ocur EIR? That is far

too general. It doesn't mean anything. It doesn'™t tell

ug anvthing about the extent of the changes, the severity

of the impacts. It just doesn't pass muster in an EIR.

An initial study maybe, but not in an EIE.

I'd like to turn te the next subject a little bil

related in your recirculated environmental document in
section 2 of page 24. There's some wvery vague informatio
on funding and mitigation. And what we think the
gituation 1z, as these massive diversionz of fresh water

upstream from the Delta, of course, they were threatened

turning the Delta -- which is already in danger —-- into a

polluted and salty wasteland. But the exporters wouldn't

[14-5

114-6

Response to comment RI14-5

Please see the response to comment RI114-3. The Delta Plan EIR is a
program-level EIR and the level of detail is adequate for the program EIR
approach, as described in Master Response 2.

Response to comment RI14-6

Please see the response to comment R114-3 and Master Response 1.
Future lead agencies will have the obligation under CEQA to mitigate the
significant impacts of projects regardless of bond measures or any other
circumstances. Please see Master Response 4. The EIR is not intended to,
and could not, provide take authorization under the federal Endangered
Species Act for the Delta Plan, or for any project encouraged by the Delta
Plan. The Delta Plan’s significant adverse impacts related to biological
resources, including special-status species, are discussed in Section 4 of
the EIR. The cumulative impacts of the proposed Delta Plan, in
combination with the impact of the proposed BDCP, are described in
DEIR and RDEIR Sections 22 and 23.
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be paying to fight that problem or attempt to mitigate it
That would ke stuck on the taxpayers and the business and
agricultural and fishing interest in the Delta itself.

We think that's wrong. And we think if you're
going to encourage thiz kind of diversion of water
upstream from the Delta, then the exporter should be
taking the water and benefitting from it. The only right
and just thing to do would be to have them pay for
everything caused by what theyTve taken.

Now, that's kind of a policy wview, but there's
also a legal issue there under the Endangered Species Act
The %9th Circuit recently came out with a decision in
Center for Bicleogical Diversity wversus United States
Bureau of Land Management. Itz called the Ruby Pipeline
Case. We're citing it in our written comments. I'1ll be
happy to furnish citations orally 1if wvou want me to.

MR. ISENBEERG: It'll come in the written version

MR. WRIGHT: It'll be in the written wversion.

They've made it really clear, there's no
disgcretion under the Endangered Species Act to authorize
project that would jeopardize surviwval of listed fish or
adverzely modify critical habitat. And also mitigation
measures, they must be there, they must be real and
assured. And what I said earlier about the exporters

trying to shift the cost of attempting to deal with a
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massive destruction, these massive diversions were caused
in the Delta, is that bond measures have already been
pulled from the ballet twice; 2010, Z01Z2. 80 there's
obviouzly no certainty that the people, the taupayers are

going to pass bond measures to pay for this.

S50 we believe you have a real legal problem under

the Federal Endangered ZSpecies Act and the decisions under

that, if wvou don't require absolute, az part of the
project, they mitigate, they pay for everything.

The next subject I'd like to turn to is your
plan. And it sounds -- I can see the appeal to it. It
calls for optimizing diversions in wet years, and as
mentioned in your plan on page 72 and alsc page 11, But
different part of your plan on page 84 recognizes the
adverze impacts in result of reducing the flushing of
San Francisco Bay by Delta ocutflows.

And I've got a document that I'm going to give
after I'"wve spoken to Angela of your staff teo put in the
record. It's a technical memorandum 2010 by the Contra
Costa County Water District where they did studies showin
the historical flushing of the Delta where fresh water is
no longer occurring. Thig lack of flushing can alsoe allo
waste from urban and agricultural development upstream an
within the Delta to accumulate. And contaminates and

toxing have been identified as factors in the decline of

2]

—HI14-6
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Response to comment RI14-7

Policy ER P1 has been recategorized as Recommendation ER R1 and has
been amended. It states that the SWRCB should adopt updated flow
objectives for the Delta by 2014 and flow objectives for high-priority
tributaries by 2018. Under ER P1, after the flow objectives are revised,
they will be used to determine consistency with the Delta Plan. As
described on page 2A-39, Lines 38 through 40, of the Draft Program EIR
and Master Response 35, it is anticipated that implementation of updated
water quality and flow objectives by the State Water Resources Control
Board (SWRCB) could increase Delta outflow, reduce current reverse
flow conditions in the south Delta, increase flows in restored Delta
floodplains, and result in a more “natural flow regime” in the Delta. The
potentially significant water resources impacts of the Final Draft Delta
Plan—including those related to water quality—are analyzed in Section 3
of the RDPEIR. Water resources mitigation measures are indentified in
RDPEIR subsection 3.4.3.6. Section 4 of the EIR analyzes impacts on
biological resources.
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the Delta ecosystem.
What that means for you and what's required in
your environmental documents instead of just coming

up -- "Well, we have thisz idea we're going to cptimize an

increage diversions in the wet years." That haz to be
analyzed, or there has to be environmental analysis of th

extent, the severity, and adverse environmental
consequences from further reducing the already reduced
necessary flushing of the Delta and the Bay. And we've

looked, we've scrutinized. We haven't seen a peep about

that anywhere in your environmental document.

The next subject I'd like to spend a moment on i
just the backwards description of the project purpose and
conflict with the Water Code. Your recirculated
environmental impact report claims that the revised
project will lead to reduced reliance on Delta exports.
That'™s in the executive summary at pages 2.

Your plan at page 72 admits that the
Delta Reform Act established a new policy in the
Water Code of reducing reliance on the Delta and in
meeting Califernia’'s water supply need=z. So we can
under=ztand why the claim is made. But when wvou look at
the undizputed facts, when yvou talk about creating massiwv
new convevance and intake structures that are projected t

cost around $14-billion, that isn't reducing reliance on

=

X
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Response to comment RI14-8

This is a comment on the project, not on the EIR. Please see the response
to comment RI14-3 and Master Response 1. As stated in the Revised Draft
PEIR at page ES-4, the Project’s objectives are: “Furthering achievement
of the coequal goals and the eight ‘inherent’ objectives, in a manner that
(1) furthers the statewide policy to reduce reliance on the Delta in meeting
the state’s future water supply needs through regional self-reliance, (2) is
consistent with specific statutory content requirements for the Delta Plan,
(3) is implementable in a comprehensive, concurrent, and interrelated
fashion, and (4) is accomplished as rapidly as realistically possible without
jeopardizing ultimate success.” These objectives reflect the priorities and
goals that the Legislature set for the Delta Plan and the Delta Stewardship
Council in the Delta Reform Act, including the coequal goals (Public
Resources Code § 29702(a), the objectives inherent in those goals (Water
Code § 85020), and the statewide policy to reduce reliance on the delta
(Water Code § 85021). Policy WR P1 in the Delta Plan implements the
State policy to reduce reliance on the Delta and improve regional self
reliance.
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the Delta. That's increasing it. That's a huge expensiv
Public Work's Project. And what we call upon you to do 1
either, well, drop the call for new conveyance, ilmprove
conveyance, anything other than maintaining existing
through-Delta conveyance. Or require your EIR consultant
and repairs to candidly =et forth that this would not
reduce reliance on the Delta. The truth iz this would
increase reliance on the Delta.

And that’™s what we call upon you te do. Is
either drop it -- that's our first choice. But if wyou
don't drop it, require candor and serve the people and al
of the folks inwvolved in this and interested in it with a
really candid admission. Becausze that's the kind of thin
that nobody is really going to buy that. It'z just kind
of like if I was to claim right now that it's nighttime
cutside. Well, it's not. It's daytime. Anvbody can say
that, but i1t doesn’'t make it so.

And in fact in your recirculated environmental
document in section 24 at pages 13 and 14, there that set
out that when wvou use rescurces, vyou make a large
commitment of resources, that makes removal or nonuse
therefore unlikely and generally commits future
generations to similar uses.

80 in other words, if wou build it, it's going t

be used. And that's going to be increasing reliance on

X
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the Delta, not reducing.

I appreciate your attention and listening. So
I'm going to speed things up and skip over a point. IT1ll
make that in writing. I have until Monday to do that.
It's much appreciated.

And this one, wyour recirculated environmental

document makes some very gehneral admissions of significant

adverze and unavoidable impacts of the reviszed project,
including its call for improved or new conveyance. In
section Z4 at page 10 there's just this general line that
says, "Water —-- significant and unavoidable impacts of th
revised project would include water resocurces, wviclate an
water quality standards, or waste discharge requirements,
or zubstantially degrade water guality."

It is true.

Again, it's admitting the obwvious.

It's =0 general, it's abksolutely meaningless. And vou

alzo include on the szame page, page 10 of section 24, the
statement: "The significant and unaveidable environmenta
impact would include biological resources, including
subztantial adverse effectsz on sensitive natural
communities, including special-status species, substantia
adverze effects on fish or wildlife habitat. "

That's true. to be

Again, it's so general,

meaningless. And what I and all of the organizations I'm

here representing are saying to yvou for the first time

—Hi14-8
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Response to comment RI14-9

Please refer to Master Response 2. As described in Section 2B of the Draft
Program EIR, the Delta Stewardship Council does not propose or
contemplate directly authorizing any physical activities, including but not
limited to construction or operation of infrastructure. Rather, through the
Delta Plan, the Delta Stewardship Council seeks to influence the actions,
activities, and/or projects of other agencies, the details of which would be
under the jurisdiction and authority of the agencies that will propose them
in the future and conduct future environmental review. To the extent
known, projects that may be encouraged by the Delta Plan are named in
the EIR. In addition, types of projects that may be encouraged by the Delta
Plan are identified. Accordingly, in the absence of specific proposed
physical projects, this EIR makes a good faith effort to disclose the
potentially significant environmental effects of the types of projects that
may be encouraged by the Delta Plan and to identify program-level
mitigation measures. Impacts on each of the potentially affected resources
areas are analyzed at a program level in Sections 3 through 21 of this EIR.
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this afterncon is, your draft EIR and yvour recirculated

draft EIR under the law are so fundamentally and basicall

inadequate and non-conclusory in nature, that meaningful

public review and comment has simply been precluded. And

that under SEQUA guideline section 15088.5(a)4, it is

necessary that you prepare, in order to comply with law,

new draft EIR and recirculate that for public review.

Just think about it. What does that tell anvbod

that -- "Well, our rewvised project we've chosen will

vioclate water guality standards and substantially degrade

water quality." Okay. What standards? By what

pollutants? To what degree? How severe will it be?

There's a huge difference between a person

catching a cold and, unfortunately, having a terminal

illnez=s. It's like day and night. Your environmental

documents that wour consultants have prepared, they don't

give a clus. Again, maybe it would pass muster as an

initial study starting the $EQUA process; not pass muster

as an EIR ending the SEQUA process.

Thiz next point iz really very, very important.

And that's the absgence of information and analysis
supplied by wvour envircnmental documents.

And, again,

there'™s a case =zite in the written comments. The name of

the case iz Vinevard Area Citizens for Responsible Growth|™

versus the City of Rancho Cordowva. It'=s a 2007

=4

v
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Response to comment RI14-10

Please see Master Response 1. As described in Section 23 of the
Recirculated Draft Program EIR, if completed and approved by the
California Department of Fish and Wildlife, the BDCP must be considered
by the Delta Stewardship Council and included in the Delta Plan as
required by the Delta Reform Act (Water Code section 85320 et seq.).
DWR is the California Environmental Quality Act (CEQA) lead agency
for the BDCP. Policy ER P1 has been recategorized as Recommendation
ER R1 and has been amended. It states that the SWRCB should adopt
updated flow objectives for the Delta by 2014 and flow objectives for
high-priority tributaries by 2018. Under ER P1, after the flow objectives
are revised, they will be used to determine consistency with the Delta
Plan. Please see Section 2 of this FEIR for the complete text of the
policies and recommendations. CEQA does not require a cost-benefit
analysis. CEQA Guidelines §§ 15064(e), 15131; see also Master
Response 2.
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California Supreme Court Case. It's SEQUA case dealing
with water supply issues that frankly paled in
significance —-- that was for a development project -- to
the water supply issues here. And the California

Supreme Court made it clear that the EIR must provide
facts that allow the reader to evaluate the pros and cons
of supplying the needed amount of water, must analyze the
environmental impacts of utilizing the particular

resources of long-term water supply, and that the key is

that an EIR that neglects to explain the likely sources of

water and analyzer impacts, but leaves long-term water
supply conzsiderationz to later stages of the project, doe
not share the purpose of sounding an environmental alarm
bell before the project haz taken on overwhelming
bureaucratic and financial momentum.

And that'™s absolutely what we're concerned about
here. Delta Plan calls for new and improved conveyance.
Then the BDC process, they finish Delta tunnels. And, oh
by the way, this 1s consistent with the Delta Plan,
becauze the Delta Plan called for new and improved
conveyance., And that's what we're doing.

What I'm gaying to wyou, Mr. Chairman and council
members, iz that vou're in a historic position. T would
submit to you that the State Water Resources should be

going first to do itz analysis under the Public Trust

=

f—~HI14-10
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Doctrine, Cost Benefit Analysis, determine water

availability. Get all that worked out before you enact

the Delta Plan or DWR comes up with a BDCP. But you

apparently are first in line at least right now.
I would submit
law, wou have to insist that that kind of work and
analv=sis all be done before wou call for new conveyance.
Either by having the work done wvourself. And wvou may not
have the resources to do that. And everyvbody thinks
that"s for the State Water Resocources Control Board.
Insist then that they do it before you call for new or

improved conveyance.

There'sz something elze that iz hugely important
on thi=z. Your draft EIR -- and by the way, section 23,
dealing with BDCP was incorporated by reference by the
recirculated draft EIR. And since it's incorporated by
reference, I'm going to comment on that. And at pages 3
and 4, they actually did a good job of saying what had to
happen under SEQUA. They said, "The BDCP must comply wit
SEQUA including a comprehensive review and analysis of a
reasonable range of flow criteria, rates and diversion,
other operational criteria, requirements and flows
necessary for recovering the Delta ecosystem and restorin
fisheries under a reasonable range of hydrologic

conditions, identify the remaining water available for

And what

to you iz that in order to comply with the|

2]
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Response to comment RI14-11

Please see the response to comments RI114-3 and R114-10, as well as Master
Response 1. As described in Section 23 of the Recirculated Draft Program
EIR, if completed and approved by the California Department of Fish and
Wildlife, the BDCP must be considered by the Delta Stewardship Council
and included in the Delta Plan as required by the Delta Reform Act (Water
Code section 85320 et seq.). DWR is the California Environmental Quality
Act (CEQA) lead agency for the BDCP. The Delta Reform Act potentially
gives the Council three distinct but connected roles related to Delta water
conveyance: contingent authority to approve proposed conveyance
improvements, authority to generally recommend conveyance options in the
Delta Plan, and authority to provide comments to other agencies during the
BDCP process. Conveyance options are currently being studied in detail by
the agencies and interested parties preparing the BDCP and the related
EIR/EIS. If a government agency, such as DWR, proposes to implement the
BDCP preferred conveyance project, the BDCP preferred conveyance
project would be consistent with the Delta Plan regardless of whether the
Delta Plan had previously endorsed a different conveyance option.
Accordingly, the Council’s regulatory authority over conveyance is
contingent upon a different conveyance project being proposed and
becoming a covered action prior to BDCP’s incorporation into the Delta
Plan. It is highly unlikely that a non-BDCP conveyance project would be
proposed as a covered action to come before the Council prior to BDCP
completion. For this reason, the Delta Plan does not include any regulatory
policies regarding Delta conveyance. The Delta Plan includes
recommendations to DWR should the BDCP process not be completed by
December 31, 2014, for the Council to consider approaches to develop and
complete the ecosystem and conveyance planning process without BDCP. If
the Council then decides to amend the Delta Plan to include regulatory
policies regarding Delta conveyance, the Council would do so only after
extensive analysis of the conveyance options and associated detailed
environmental review. The environmental setting (baseline) for the analysis
in this EIR consists of the existing conditions at the time of the publication
of the Notice of Preparation of this EIR in December 2010, which is the
normal CEQA environmental baseline pursuant to CEQA Guidelines
section 15125(a). As discussed in Master Response 3 and section 25 of the
Recirculated Draft PEIR, Alternative 2 is not environmental superior to the
Revised Project (the Final Draft Delta Plan), because it would bring about
more uncertainty regarding water supply and more conversion of
agricultural land to non-agricultural uses than the Revised Project.
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export and other beneficial uses, consider a reasonable
range of Delta conveyance alternatives including through
Delta. "

The potential effectz of climate change,
including what I menticned earlier that sea lewel rise up
to 55 inches and possible changes in precipitation and run
off patterns and so forth.

Your draft EIR was correct on that, on what was

necessary. What stands is an undisputed fact that wyou
have to -- well, you're going to do what you're going to
do. But I would suggest to you, yvou need your consultants

and attorneys to make sure it's done is to recognize an
undisgputed fact that =zimply did not happen. What had
happened was, in your draft EIR at page 3, they had
anticipated that a public draft of the EDCP and related
EIR/EIS would be released by mid-201Z2. Simply didn't
happen. And Deputy Director Jerry Meryl just said at the
last public meeting in December that even the nonpublic
draft is not going to come out until February and the
public draft is not going te come cut until the spring of
2013.

What I'm telling wvou i= that by proceeding now t
adopt the Delta Plan and regulations calling for new
conveyvance, since that work that they thought was going t

be done didn't get done, the process kind of would stand

[14-11
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indicted and convicted by vour own draft EIR. And that's
a pretty serious problem.

Again, our point is that some public agency has
toe do this work under SEQUA, the Public Trust Doctrine,
before new conveyance iz called for. That 's the most
important part of the whole decizion making process.
Whether or not te build or not to build. To build or not
to build new conveyance. That 's huge, and that's what ha
simply been absolutely overlooked; just treated as a
given, an ipse dixit or an assumption.

And that jumps inte my next point; not now, not
ever. Back in May of Z011 the National Academy of
Science, when it was reviewing the draft BDCP plan said
that chooszing the alternative project before evaluating
alternative ways to reach vour preferred cutcome, would b
post-talk rationalization. In other words, putting the
cart before the heorse. BScientific reasons for not
considering alternative actions are not presented in the
plan. That's still true today. Scientific reasons have
not been conzidered and evaluated for not considering
alternatives grounded on not building and developing new
Conveyance.

There's another problem with yvour recirculated
draft EIE, iz between wvour last environmental document an

the recirculated cne, the federal and state fishery

=
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agencies came out last year with the red-flag warnings.
We've scrutinized the recirculated environmental impact
report. Didn't see a <lue about that. Didn't see a clue
about the National Academy of Science’s determination tha
gcientific reasons for not considering alternatives have
not been considered.

What I would say to wou -- and again, I deo
appreciate it, and I'm wrapping up. Two or three more
points.

I'm trying to help here because we know we face
stacked deck with the EDCP. The exporters want the water
they're in control of the process. Our hope iz -- we got
hope in two places. One iz the State Water Resocurces
Control Board with board members, and the other iz your
council with different members on 1t. And substantial
evidence includes things like facts, reasonable
assumptions predicated on facts, expert opinion supported
by facts, argument, speculaticn and narrative doesn't
muster under SEQUA guideline section 15384.

And I submit to you that everything that's been
done =zo far in calling for new conveyance, calling for
adopting the rewiszed project alternative, and fails to
addrez=s and analvze the admitted significant adverse
impacts on water quality and endangered species in the

Delta is simply that; argument, speculation, narrative an

t—Rl14-11
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doesn't pass muster.

Same is true for your recirculated environmental
document in section 25 of page 17, says an alternative,
too, 1z submitted by the Environmental Water Caucus is
glightly infericr to the revised project. Because it
would sharply reduce exports from the Delta, potentially
creating a supply shortfall. Stating potentially, again,
there has to be a narrative in speculation. We =ay,
again, it's on a number of points that it’'s necessary Lo
prepare a new draft EIR and recirculate. Because the
draft and recirculated document out there so far has
simply been too inadequate to furnish a form public
review.

On a different subject, you hawve an absence of ;
accurate stable --

ME. ISENBERG: I'm going to have to give you no
more than five minutes and hopefully less than that.

MR. WRIGHT: I appreciate it. And that's fine.

On the project description there are very vague
things in your environmental documents in section 2 at
page 5 talking about surface water projects, conveyance
facilities. In section 2 of page 26 wvou say that the
revised project would not have direct impacts or directly
result in construction, but could, however, result in

implication of actionzs or development of projects.

— R

-
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Response to comment RI14-12

Please see the response to comment R114-3 and Master Response 1.
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But since your draft document was out,

Deputy Director Meryl said what this project is in June of

last summer. The two tunnels, 35 miles long, 50,000 cubi

feet per second. The Gowvernor confirmed that at his
gpecial press conference in late July 2012. And I would
zay to you that SEQUA informational purpose is not
gatisfied by simply stating informaticon on the details
provided in the future. And, again, that’s in that
Vinevard Area Citizens case. -
Last

couple gquick points. We heard talk about

economics and cost. Your recirculated EIR should have

digclozed and discussed the university of pacific cost
benefit study. That came out in July showing that the
cogt of the Delta tunnels would be two-and-a-half times
higher than the benefits. 8o the project doesn't make
sconomic or financial sense. Because in terms of the
public preparing alternatives, that is relevant
information to know that in addition teo all of the
environmental reasons to not go forward, the project also
iz a bad deal when vou loock at cost benefit analysis. An
I'm going to giwve that to Angela as well. -
A final point iz gimply there’s been a failure {
evaluate upstream impacts. Your Delta Plan recognizes
changes in storage and flows for fish at pages 80 and 91.

This project new conveyance would have enormous impacts

f—~Hl14-12

—~Hl14-13

f—Hi14-14

Response to comment RI14-13

The BDCP is a separate project, for which the Department of Water
Resources is the lead agency. It is not a part of the Delta Plan and was
therefore addressed in Sections 22 and 23 of the EIR, as further explained
in Master Response 1. Furthermore, CEQA does not require a cost-benefit
analysis. See Master Response 2.

Response to comment RI14-14

The proposed BDCP is a reasonably foreseeable future project that is not
part of the Delta Plan. It is being evaluated by the Department of Water
Resources as the CEQA lead agency. The cumulative impacts of the
proposed Delta Plan, in combination with the impact of the proposed
BDCP, are described in EIR Sections 22 and 23. Please refer to Master
Response 1. Please refer to Master Response 5 regarding upstream
impacts of the Delta Plan, including on fisheries.
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requiring changes in reservoir operations upstream,
affecting minimum flows, storage so forth for fish
presentation purposes.

I would simply wrap up and conclude by saying
that the first step in this whole deal iz whether to call
for new conveyance. That'™s a huge deal. That's on vour
plate. What we do iz we object to approval of the plan
and regulations in o far as they call for new conveyance
optimizing diversions, improve conveyance, and say that
it's necessary to do the work, do the analysis before
calling for that.

We do think that calling for new conveyvance woul
start the journey that we believe would ztrike the last
nail intc a coffin for the Delta. That'z why we're
fighting s¢ hard in trying to get that from happening.

Thank wou. I'1l leave my contact information to
yvour staff and submit the exhibits to Angela. And the
written comments of the Environmental Water Caucus, you'l
receive those on Monday.

MR. ISENBERG: Thank wyou very much.

— K

L

47

[14-14

No comments
-n/a-



10

11

12

13

14

15

16

17

15

12

20

21

22

23

24

25

CHARLES GAUDINER

DELTA WVISION FOUNDATION

ME. IZENEBERG: Mr. Guadiner, and after
Mr. Gaudiner, M=. Mannion.

Mr. Gaudiner?

MR. GAUDINER: Good afterncon, Chair Isenberg an
council members. Thank yvou wvery much for the opportunity
to comment., I will really try and be brief here.

Charles Guadiner from Delta Vvision Feundation.
Az you know, the Delta Vision Foundation was formed to
monitor and report on the progress of =state agencies,
federal agenciez and others in implementing the
principles, actions, strategies, and goals identifying
Delta Vision's strategic plan. The Delta Plan iz the key
component of the implementaticn of that strategic plan.
I'm going to focus my comments on the Delta Plan, not on
the EIR or regulations.

Like Mr. Edgar, we are not interested in
interrupting your process. We are trying to be
congtructive and help ensure the Delta Plan is a
succezzful document and procesz for implementing the
Delta WVigion Strategic Plan.

In looking at the final draft Delta Plan we

really stepped back to look to see how effective 1= that

t— K

[14-15

Response to comment RI14-15

This is a comment on the project, not on the EIR.
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ag a policy and plan document for achiewving the goals and
implementing Delta Vision Strategic Plan. And does that
affectively describe this wicked problem in the Delta and
the challenges and conflicts asscociated with that? And I
think in that area it does a very good Job. I actually
still —-- every time I read it I learn something new about
the problems in the Delta or how current management works
S0 I think it's wvery affective at that. And it's
relatively concise, which iz hard to do.

The second question really doesn't set the state
on a path to success. That is fundamentally different
from pricr plans. We'we been arcund this loop several
times of developing plans and trying to implement them an
going back and developing more plans. 8o let me prowvide
some overall comments and I'1l drill down brieflw.

I think, asz I mentioned, I think it's very
effective at describing the problem, the history of the
conditions, current management and the challenges. I
think it does a decent job of identifying strategies that
are needed in each rescurce area to address the problems.
However, I think there’™s more work that can be done to
desgcribe a fundamentally different management strategy
that would lead to more effective implementation. And T
think that specifically in some areas related to

performance management, the linkages and integration and

—=Rl14-15
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near-term actions.

30 we look at those areas specifically; linkages
in integration, performance management. We also loocked a
and compared the strategies and actions in the Delta
Vigion Strategic Plan with a set of policies and
recommendations and other actions of the Delta Plan. And
I'1l touch on a couple of things there. And we're also
looking at funding and financing, which we'™ll submit some
written comments on.

In termsg of near-term actions, overall our sense
continues to be that the Delta Plan does not communicate
vet a sense of urgency. I know that council feels a =zens
of urgency, and I know the staff dees and stakeholder as
well . There's a lewvel of frusztration akout
implementation. And I think this iz an area where some
relatively minor improwvements in the Delta Plan could
communicate that sense of urgency and really start to
advance things.

We looked at the 91 policies recommendations and
counclil actionz that are in the Delta Plan, and loocked to
see what type of action they directed. Notably that of
thoze 91, 52 of them are about additional plans and
studies, administration and gowverns or monitoring.
They're not about actually doing and changing things.

They're about more studying and more monitoring.

—Rl14-15
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only nine of the policies and recommendations ar
about physical or operational changes in the Delta.

That 's ten percent. And so I think that, from a broad
perzpective, sends a message that we need to look more at
what are some of the near-term things that we can do to
change conditions up there.

There are 21 that are about dewveloping or
implementing new recommendations. Az far as I can tell
there are no recommendations about pilot projects that ar
underway or should be initiated. &o that would be an are
where the Delta Plan can highlight some near-term things
that either are already underway to address these problem
or could be very shortly.

I didn't see any recommendaticns or discussions
about existing regulations where those could be enforced
more affectively. And so I think that's ancther area tha
would communicate some urgency, some action in the near
term.

The other observation about the policies and
recommendation=s iz only a third of them have actual
deadlines associated with them. I can certainly
underztand the policiez wouldn'™t hawve a deadline. EBut
there are 71 recommendaticons that only about a third of
them have specific deadlines. 8o that, too, would create

more of a sense of urgency if we're putting things on

X

[14-15

No comments
-n/a-



10

11

12

13

14

15

16

17

15

12

20

21

22

23

24

25

timelines.

There's a good initial effort to identify the 13

priority actions. Two are listed in chapter 1. I think
there can be more emphasis on, "What doezs that mean? Wha
doez it mean to be a priority in action?" And I don't

think it takes a lot to add a few things to the Delta
Plan.

Ev the linkages, I think the Delta Plan continue
to improve in communicating the linkages and integration
that are really needed to solve these problens. Clearly
every —- the document in whole and each chapter

acknowledges and describes the two coequal goalsz and how

they're relevant te that subject area. And I think that's

really been a big improwvement. But I think that an area
where we need to focus, and I'1l touch on this in a coupl
different wavs, iz the objectives of the plan. That the
top lewvel, I think the plan needs a more specific or even
measurable set of objectives of how do we achieve the
coequal goals and protecting and preserving the Delta as
place.

Thoze discussions are of the okbjectives are
either broadly designed asz vision statements or they're
put in sidebars. And I think more specific objectives
would -- and defining those objectives in an

integrated-length way —- and IT1l give vou one example,

=
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and then we'll submit some more. But the concept of
diverting more water wet years i1s less than dry years.
That is an integrated cbjective that achieves both water
supply or liability, and ecosystem restoration. &o those
kinds of objectivez at the top lewvel would help align all
of the different interests that will pick at different
parts of the plan on a common purpose.

Let me talk about performance management.
Because it is a big focus of our effort across this whole
Delta issue, and a substantial portion of our comments.

I think this is an area where some minor changes
te the Delta Plan could zet the Delta Plan in a new
direction. A&And I think performance management is mavbe
the only tool that hazn't been tried effectively. We
tried legal approaches, we'wve tried executive fiat. We'w
tried collakorative process. What we haven't really
implemented is a true performance management approach tha
has the kind of objectivity, transparency and reporting
that will hold everybody accountable for results.

80 I think this is an area that appears to be
more of an afterthought in the Delta Plan. And I think
there's a few specific areas that I think could really
improwve. The adaptive management section I think is a
good start. But when I talk about performance management

I mean more broadly than adaptive management. That it is

—Rl14-15
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applving to organizational performances as well as
environmental performance.

%0 I mentioned the need for top level objectives
I would zay throughout. And your adaptive management
approach acknowledgez that clear measurable objectivesz ar
a fundamental part of implementing adaptive management,
and I would totally agree. 2nd vou provide some examples
in the adaptive management sidebars. But the Delta Plan
itgelf doesn't have those kind of clear measurakle
objectives at the top level or in each chapter.

S0 we have vision statements, we have some
policies and recommendations and strategie=s. But we don'
really define what are we trying teo achieve in each issue
area and how are we going to measure our progress to it.

S0 therefore the performance measures aren't tie
to anvthing specific and measurable. %o they also appear
ag an afterthought. We actually did a side-by-side
compariscn of the performance measures identified in the
Delta Vision Strategic Plan as those in the Delta Plan.
And it's pretty easy to see that I think you would have
been better off bringing these over from the Delta Vision
Strategic Plan and putting them in other examples.
Because they're very clear and very succinct. They're
tied to sgpecific goals and strategies. And the current

performance measures —-- some of them aren’t even
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measurable in any logical way.

For example, when we're talking in chapter 7
about reducing risk, the performance measure 1s no lives
logt. Which we can only measure after the word
catastrophe. So it's imposgsible to measure progress
towards that goal. That doesn'™t measure progress or
accomplishment until after the fact.

The last thing I would say about performance
measures iz that it's an area where I think there iz an
inadequate commitment by the council to action in this
area. There iz a -- I think it's a council action in
Appendix C to do a report on performance measures. But T
think a more concerted commitment as to how you will
develop, implement, and track and report on the
performance measures will really help the plan. And I
really do think all of these things can ke addressed quit
gimply and wouldn'™t disrupt wvour environmental review
process or your regulatory process. But it would
communicate more clearly that there's a sense of urgency
and a zense of accountability in how we implement
solutions.

And lastly, let me touch on the long-term
implementation. A couple of iterations of the Delta Plan
we've compared the Delta Plan with the Delta Vision

Strategic Plan. And I would be remised if I didn't
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highlight a couple of things that I think are still
missing in the Delta Plan. Althcugh they may be a little
harder to fix on the timeframe you're on.

Firzt, there appear to be no policies or
recommendations relating reducing fish losses. Either by
improwving fish migration cards or reducing in trainman
losgses or other actions. There is one recommendation
related to perdition. Sort of indirectly related to
perdition. But I think this is an area -- and maybe the
strategy is deferring to BDCP —- they're going to fix the
fish problems, but I don't think that's the appropriate
strategy with the Delta Plan. I think there could be mor
attention and focus on even their term with the pilot
studiez and programs or various things that could more
specifically address fish losses.

And then seceond, I think the area of water
quality and salinity management is another one where the
policies and recommendations -- actually, there are no
policies on the recommendations. If the recommendations
focus on regulatory action, which is certainly an
important part of the mix of action of state or regional
boards iz certainly important. But there have, until wver
recently, been a number of studies or investigatiocng of
either operational or physical changes in the Delta that

could improve salinity management, karriers, I think
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there's a whole host of things we can be looking at in
that area. And those physical operations just don't
appear in the note plan.

8¢ with that I will conclude and send you more
detailed comments on Monday.

Ms. ISENBERG: Thank wyou very much.

-

57
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EATHY MANNION

RCRC

MR. ISENBERG: M=, Mannion is up next. And
Friends of Clear Lake, I think it's Cebelean, but I canno
read the printing. And we'll clarify that later.

Mz. Mannion?

ME. MANNION: Thank wou, members of the council.

Kathy Mannion, representing RCRC 32 World

Counties. I'm golng toe be commenting today on all three
documents, but I will be brief. <You do have cur written
comments. And I understood wou did not want me to repeat
the comments. But what I would like to do is at least

verbally go ower what iz contained in our comments.

ME. ISENBERG: Sure.

M5, MAMMNION: We did, in looking at the
documents, in loocking at the timeframe and the timeline,
decide to limit our comments to select issues of interest
where we have recommended changes.

Our first comment dealt on page Roman Numeral 15
Thiz first set of comments iz regarding the final draft
Delta Plan. The Delta Plan policiesz and recommendations
WRP-1, which iz reduced reliance on the Delta and improwve
gelf-reliance. What we've done iz provide language that

would clarify the intent of WRP-1 by indicating that

114-16
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vou're referring te urban and agricultural water supplier
who propose to undertake a current action. And we believ
that clarification is needed so not to confuse a reader a
te the scope of the council's authority.

Oour second comment was on page Roman Numeral 18.
Again, Delta policies and recommendations WRP-1 update
Delta flow in that we indicated teo the council that we
believe the language is confusing in that it includes
ERP-1, which iz a regulatory policy. And the council's
recommendation that the State Water Board take certain
actions by specified stakes. We indicate that we believe
ERP-1 shcould be limited to that which is within the
authority of the council and that would be that the
council would utilize the existing flow objective to
determine consistency with the Delta Plan, until such tim
as the Water Board may revise the flow objectives.

And then I make some comments alsoe regarding the
regulatory policy, but I'1ll leave that for my last
comments.

On page 5% lines 13 through 17 dealing with
covered actions, consistency appeals, chapter 2 of the
Delta Plan. This iz in regards to the appeals. e
believe that giwven that the council is charged with makin
the determination of consistency, allowing a member of th

council or a staff member to file an appeal raises a

=

=
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variety of gquestions. And we would recommend that the
plan, in order to maintain the objectivity of the plan,
should instead specifically state that the members of the
council and the staff may net file an appeal in regards t
the certification of the consistency. You can zee the
izsue there.

Then on page 108, lines 15 to 20, WRE-1, reduced
reliance on the Delta and improve regional self-reliance,
chapter 3, and more reliable water supply for california,
we again refer you to our recommended changes for
language --—

MR. ISENBERG: This iz the language you're golng
te be stating in writing?

M3. MANNION: Currently you hawve that. That '=
why I don't want to repeat the exact language in the
interest of time.

And then we alsc commented on page 155, 156,
lines 37 through 10, ERP-1. Again, update the Delta flow
objectives. Chapter 4, protect, restore and enhance the
Delta ecosystem. Again, referring you to our previous
comments in the same comment letter regarding the
incluzion of what our recommendations in ERP-1. 8o you
have that document.

Next to the recirculated draft Delta Plan, PEIRT

First would just comment that we did submit extensiwve

Response to comment RI14-17

Please refer to the response to the speaker’s comment letter, ROR017.
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comments previously. And many of those comments, in fact
just akout all of them would still apply. But, again, ou
comments are very focussed.

Oon page 3-2, lines 29 through 37, underwater
resources, Wwe are proposing some language that would
clarify in the discussion in regards to the areas upstrea
of the Delta and proposing a change in the language which
would clarify, we believe, what should be intended there.

And our language that we've submitted, it really
conforms to other verbiage in the document. And we feel
it would eliminate potential confusion, and on the part o
the reader as to the scope of the council's authority.

On page 3-7 and 3-8, linez 27 through 4, dealing
with water resources. We are recommending that warious
statements contained in those lines, lines 27 through 4,
as to the assumed ocutcome of the State Water Beoard's
decizion relating to the Delta Plan, that those be
deleted.

Essentially, for example -- and I've given
several examples. There'™s a statement that these water
quality changes would benefit native species that evolwved
with a natural flow regime, that the cbjectives would =ee
to emulate. In other words, vou're assuming as to what
the final decision by the Water Board is going to be. 8o

we're suggesting also that you might alternatively use th

f—~Hl14-17
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terms "if" and "could.™ As the use of those terms would
conform with language found in other sections of the DEIR

And recognizing that the DEIR has multiple
author=z. You have different wverbiage here and there. An
we did find that the use of the term "apply" can be found
in wvarious sections of the document. And in other
gections of the deocument there's the use of the word
"encourage. " We feel that the word "encourage” provides
greater clarity and consistency. And we would ask that
vou loock through the wvaricus sections and biological
resources, Delta flood risk --

MR. ISENBERG: 8o you're suggesting using the
word "encourage" as oppeosed to "apply"?

M. MAMNNION: Yes. And it's usually azsociated
with the discussion of the water supply that would have
conformity in the document, and we feel would ke clearer
and add clarity.

And then on page 4-11, line 2 dealing with
biological resources. Again, there is an assumption as t
the end reszult of the Water Board's updating of the Bay
Delta Plan. And at a minimum we would recommend that
"would" would be replaced -- would be replaced by "could.

8¢ that there’™s not thisz assumption.

Then as to the notice of proposed rule making we

hawve indicated in cur previous letters concern in regards

—H
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The EIR includes reasonable assumptions about future outcomes
throughout its analysis. As described in Master Response 2, CEQA
provides for such assumptions (Public Resources Code §§ 21080,

21080.2; CEQA Guidelines §§ 15144 [preparing an EIR requires some
degree of forecasting], 15126.2(a) [direct and indirect significant effects of
the project must be clearly identified and described]). Accordingly, the
referenced use of “would” is appropriate.
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to the lack of clarity in the Delta Plan, and that that
could have been flow ower to the regulaticns. And I
believe that we have seen that as a result of the

Delta Plan language itself. And the crum of the problem

we've identified is the co-mingling of the Delta Plan

regqulatory policy with Delta Plan recommendations. In the
proposed regulations. And we'wve provided several
examples.

The first example is the co-mingling that can be
found in the definition of achieving the coequal goals of
providing a more reliable water supply in California. An
then just as an example, we find the definition of WRE-1,
which iz a regulatory policy, and WER-1 and WRR-4, both o
which are contained in the Delta Plan as recommendations.

Another example iz section 5005, which is to
reduce reliance on the Delta through approved regional
water self-reliance. We've looked at that, we're
recommending that sections 505 A and B of the proposed
regulations be deleted. We found that 505 ¢, D and E and
section S505-2 are germane from within the scope of the
council'™s regulatory authority. 8o we propose the change
there.

our last example is in 5007, update Delta flow
objectives. Section 5007 A and B are recommendations

contained in the Delta Plan. We therefore feel that

=}
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they're inappropriately included in the regulations and
we're proposing that they should be deleted. And we've

also provided revised language to section 5007 C. And

that, again, provides some clarity as to the authority of

the Water Board and what point in time the Stewardship
Council would utilize the flow objectives.

And so that's our comments.

M&. ISENBERG: Thank wvou, Ms. Mannion. And thank

vou for putting a lot of the stuff in writing in advance
in other documents, It"=s the only way we can be sure of
trying to keep track of the points yvou're making. We
appreciate it.

Thank wou.

a4
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JOHN CEBELEAN

FRIENDS OF CLEAR LAEKE, INC.

MR. ISENEBERG: Doctor, come up here and spell th
name =o I can write it out and on our reporter transcript
we can make sure to get your name correctly.

MR. CEEELEAN: Thank wvou very much. Don't worry
about it.

ME. ISENBERG: HNo, I gotta worry about it. I
noticed your MNASA name on your coat.

MR. CEEELEAN: Yes, my name is John Cebelean or
Dr. Cebkelean.

MR. ISENBERG: How about spelling it for me.

MR. CEEBELEAI: C-E-B-E-L-E-A-N. Simple.

ME. ISENBERG: Okay . ot 1t.

MR. CEBELEAN: We're ready?

MR. ISENBERG: Yes, sir.

ME. CEEELEAN: I'1l try not to give you a

headache. There were too many beshind me that I got tired
of. I'm from Mila (phonetic) County from the most
beautiful lake in the world. You, ftor whatever reason,

vou do not know the seriousness that Clear Lake is
producing to Delta. And T wonder why. I was at your
inauguration, and the first meeting after I had a chance

to address to vou, and I did. I believe I left a seriocus

—H
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warning at the time that there we have a serious problem
that extends not only one place, but for many places, and
gets all together into one nest. And that's the Delta.

How 1n the world, I weonder -- and this 1=z a
quesztion that you will be able to prowide -- hawve the
drinking supply water, uncontaminated the public without
to remediate the problem that is causing the probklem to
the Delta. Unless yvou know who iz causing the problem to
solve the problem, what is the accomplishment? This is
what I question.

Why are you not aware that Clear Lake alone =sell
yvou for nothing, one metric ton of mercury a year, plus
argonic, Bilotone, Valium, putting in plenty of bacteria
and plenty of agent orange. Uzing our water for mediate
the aquatic plans in the water we drink, we consume. TWhy
nobody pays any attention to this? This is what I'm goin
to assgist., I am providing vou with sufficient written
material. Take a loock. Seriously, Clear Lake provides 6
percent of the mercury to the Delta. Then wvou have

additional one, item line 10, but other heavy metal toxin

than mercury. But vou do have an mine which is totally
unexplored. If the agentz went into it and put a ten foo
fence arcund, but it iz leaking into the Delta also. TI'1

provide you this written material.

ME. ISENBERG: We will post them on the web. Do

=
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vou think they're capably scanned and reproduced easily?
IfT they're maps or diagrams it's sometimes hard for us to
reproduce a paper gquality.

MR. CEEELEAN: Yes, vou will be able. You are
dealing with the most researched lake ever since 1947 up
to the present time. UC Davis just finished 116 years of
regearch on. The headache is =ztill there. 8o I can
provide vou with any detailed information you would like.

ME. ISENBERG: If you could leave us a cCopy.

MR. CEBELEAN: Yes. I have two articles that I
publizshed and describes everything you want to know. The
problem is in my articles. =R

MR. ISENBERG: Okay. &t the snd of wour
testimony --

ME. CEBELEAN: And I have a card here with all
information for wou to get in touch with me.

ME. ISENBERG: Olkay. And the woung lady back
there with bleond hair will take that packet of material
and see that it's posted.

MR. CEBELEAMN: Well, I hope she'll post it
properly. 80, I better hit the road because I have an
additional three hours to go back. But it has kbeen all
warranted. Thank wou wvery much.

MR. ISENBERG: Pleasure to ses you. Thank wvou,

Doctor.

[14-20
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LINDA DORMN

SACRAMENTO REGICNAL COUNTY SANITATION DISTRICT

MR. ISENEBERG: Okay. The nent speaker is
Linda Dorn, and Doug Wallice iz the last person.

Ms. DORM: Good afterncon, Chair Isenberg and
Council Member Notolli. The brief in my comments, they
will ke both on the EIR recirculated, the EIR, and the
Delta Plan. But we're submitting detailed written
comments. And I wish I could say they were to vou
already. I'd have a better weekend.

MR. ISENBERG: The fact that wyou are doing it an
have had comments before it, makesz our job measurably
better by hawving stuff to compare to the written comments
and focus them on. S0 thank wou for doing that.

MS. DORMN: S0 IT1ll be brief. Actually my
comments are two requests. 2nd the first request has to

do with financing the Delta Plan. And the second request

has to do with development of the Delta Science Plan. The

second one iz probably more related to the Delta Plan, bu
there's a relationship to be circulated to the IR. And 1
going through beoth the Delta Plan and the EIR, it became

very apparent to me how important this area of agency wil
be. BSpecifically in developing a finance plan.

And the interagency implementation committes wil

Response to comment RI14-21

This is a comment on the project, not on the EIR.
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be stated in federal agencies and will loock at developing
work routes specifically to finance client development.
S0 our request 1s on actually behalf of the Waste Water
Agencies throughout the =ztate to participate on any work
group that iz foreign through the interagency committee
for dewveloping a finance plan. And if there waz an
ability to hawve associations represented on that
committes, we would recommend the statewide association
for variocus assoclations to be a part of it.

Alzo I think that bkecause the discussion of
funding options for the finance plan has had a focus on
other stressor fees, that waste water discharges have bee
digcuzzed in that frame. And we have a very good
underztanding of feez and structuring of them and how wvou
work with Prop 218. S0 the knowledge that we hawve as an
industry could ke helpful on this committee. It'=s not

just to cause trouble.

The second request is to also participate. And
that is in the development of the Delta Science Flan.
MNoew, I know that there has been a lot of discussicn and
that Peter Goodwin had been directed with some flame put
to hig feet on coming up with an outline in moving forwar
quickly on this. I'm not sure that's the best approach.
A good Delta Science Plan could take some time. And

particularly the more folks and stakeholders that you

-

—H
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would involwe in it would make vou take more time, but yo
would end up with better plan in the end.

We've been speaking with Peter Goodwin, so it's
not like thisz request is coming out of the blue. I alszo
participated in the Delta Science Conference.

MR. ISENBERG: Where they hawve the luncheons towh
home meetings?

M%. DOREM: Yes. We participated in that and
filled out the form. S50 I'm making sure the request is
made here in relationship to the Delta claim and EIR.

We also made presentation at the State Water
Board's flow meeting that happened this past fall where wegF
focusged on the importance of integrated science to
coordination and collaboration. And that's ancther reason
why we're requested to participate in the Delta Science
Plan.

We're also currently participating as a
stakeholder on the steering committee for developing a
Delta Regional Monitoring Program in relationship to watep
quality, but could be more. @S¢ I think that's another
good reason for having a Sacramentoe Regional County
participate in the development of Delta Science Plan.

And that™s really all I have for comments to
request.

ME. ISENBERG: Thank wou very much.

[14-22
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Mr. Wallice? I saw you somewhere. Where are
you?

MR. NICEEL: He had teo leave.

MR. ISENBERG: Okay. Mr. Nickel, are wyou going
to present his testimony?

WMell, let's, Members, for the record, let's note
that Mr. Doug Wallice, representing the East Bay Municipa
Utility District kased in 0Oakland had wanted to testify o
the rule making -- and I can’'t read his handwriting. ItT
either rule making exchange or rule making garbage or
something. I just can't read what he put. And I put on
the form that he had to leave and is not able to testify.

Mr. MNickel, as punishment for raising wyour hand
on the igsue, will vou please call him and urge him to
submit any written comments to explain what he wanted to
gay here in time for cur deadline? I would appreciate
that.

Any other blue forms?

Okay. Ladies and gentlemen, thank yvou wvery much
for coming. As you know, thiz meeting was suggested by
Supervisor Notolli. And I think it wasz a wise suggestion
to give another opportunity to zome who do not plan on
submitting written comments but also wanted to =zay other
things or early things. And this has been useful to our

staff.

L

[
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And just a reminder on next council meeting,
which is the Z4th of January and it's in West Sacramento,
iz my recollection, in regular location at the Radisson
Hotel -- Ramada Inn in West Sacramente, we'll be
conducting a hearing focuszed on rule-making portion.

There will be other council business, of course.
But there will ke a special hearing with a court reporter
and that portion will be directed to the rule-making
hearing.

Let's see, our general council was working in the
back.

Mr. Stephens, what does a hand raised, waiwving
back and feorth mean? We're okay?

MR. STEPHENS: I think we're doing good.

MR. ISENBERG: In the absence of other people
gubmitting forms to szpeak to the council, ladies and
gentlemen, thank you very much. The meeting iz adjourned
We appreciate your time.

{(Whereupon the meeting was adjourned at

FBT Pl
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Foreword - Establishing the Historical Baseline

The watershed of the Sacramento—-San Joaquin Delta (Delta) provides drinking water to
more than 23 million Californians as well as irrigation water for millions of acres of
agriculture in the Central Valley. The Delta itself is a complex estuarine ccosystem, with
populations of many native species now in serious decline. The Delta estuary as we know it
began to form about 6,000 years ago, following the end of the last ice age. Because the
estuary is connected to the Pacific Ocean through San Francisco Bay, seawater intrusion
causes the salinity of Suisun Bay and the Delta to vary depending on hydrological
conditions. This seawater intrusion into the Delta affects estuarine species as well as
drinking water and irrigation water supplies.

Successful restoration of the Delta ecosystem requires an understanding of the conditions
under which native specics evolved. Contra Costa Water District’s report on “Historical
Fresh Water and Salinity Conditions in the Western Sacramento-San Joaquin Delta and
Suisun Bay” presents a detailed review of more than 100 years of studies, monitoring data,
scientific reports, and modeling analyses that establish an historical record of the salinity
conditions in the Western Delta and Suisun Bay,
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Executive Summary

The historical record and published studies consistently show the Delta is now managed at a
salinity level much higher than would have occurred under natural conditions. Human
activities, including channelization of the Delta, elimination of tidal marsh, and water
diversions, have resulted in increased salinity levels in the Delta during the past 150 years.

Eighty years ago, Thomas H. Means wrote (“Salt Water Problem, San Francisco Bay and
Delta of Sacramento and San Joaguin Rivers,” April 1928, pp 9-10):

“Under natural conditions, Carquinez Straits marked, approximately, the
boundary between salt and fresh water in the upper San Francisco Bay and
delta region of the two tributary rivers—the Sacramento and San Joaquin.
Ordinarily salt water was present below the straits and fresh water was
present above. Native vegetation in the tide marshes was predominately of
salt water types around San Pablo Bay and of fresh water types around
Suisun Bay....

The definite statement that salt water under natural conditions did not
penetrate higher upstream than the mouth of the river, except in the driest
years and then only for a few days at a time, is warranied....

At present [1928] salt water reaches Antioch every year, in two-thirds of
the years manning further [sic] upstream. It is to be expected that it will
continue to do so in the future, even in the years of greatest runoff. In
other words, the penetration of salt water has become a permanent
phenomenon in the lower river region.

The cause of this change in salt water condition is due almaost entirely to
the works of man.”

In 1928, Thomas Means had limited data over a short historical period from which to draw
these conclusions. Nonetheless, his conclusions remain accurate and have been confirmed by
numerous subsequent studies, including paleosalinity records that reveal salinity conditions
in the western Della as far back as 2,500 years ago. The paleosalinity studics indicate that
the last 100 years are among the most saline of periods in the past 2,500 years,
Paleoclimatology and paleosalinity studies indicate that the prior 1,500 years (going back o
about 4,000 years ago) were even wetter and less saline in San Francisco Bay and the Delta.
The recent increase in salinity began after the Delta freshwater marshes had been drained,
after the Delta was channelized and after large-scale upstream diversions of water, largely for
agricultural purposes, had significantly reduced flows from the wributarics into the Delta. It
has continued, even after the construction of reservoirs that have been used in part to manage
salinity intrusion.

February 12, 2010 Exhibit CCWD-6 iv
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Studies and salinity measurements confirm that despite salinity efforts, Delta
salinity is now at or above the highest salinity levels found in the past 2,500 to 4,000 years.
Under equivalent hydrological conditions, the boundary between salt and fresh water is now
3 to 15 miles farther into the Delta than it would have been without the increased diversions
of fresh water that have taken place in the past 150 years,

Reservoir operations artificially manage salinity intrusion to conditions that are saltier than
had been experienced prior to the early 1900°s. While these managed conditions are
certainly fresher than would oceur in today’s altered system if operated without any salinity
management, they are still saltier than what the Delta experienced under similar hydrological
conditions in the past. While the Delta is being managed to a somewhat acceptable saline
condition to meet many beneficial uses, it is still managed at 2 more saline condition than
would have occurred prior to the anthropogenic changes of the past 150 years.

For example, the 1928-1934 drought was one of the driest periods in the past 1,000 years
(Meko et al., 2001a), and occurred after tidal marshes within the Delta had been reclaimed
and water diversions began removing substantial amounts of fresh water from the Bay-Delta
system. Nonetheless, the Delta freshened during the winter in those drought years. This
winter freshening of the Delta has not oceurred during recent droughts. While salinity
intrusion into the Delta was previously only seen in the driest years, significant salinity
intrusion now occurs in nearly every year — exceptions are only found in the wettest
conditions.

Changed Variation in Salinity

The variability of fresh and saline conditions in the Delta has considerably changed because
of upstream and in-Delta water diversions and water exports (Enright and Culberson, 2009).
This change in variability results largely from the lack of fresh conditions in Suisun Bay and
the western Delta, especially in the winter and spring. Restoring a variable salinity regime
that more closely approximates conditions prior to the early 1900°s would require much
higher flows and much fresher conditions than current management practices provide, with
larger outflows in the fall in most years and much larger outflows in the late winter and
spring in all years.

Key Conclusions

The major conclusions of this study are:

I. Salinity intrusion during the last 100 years has been among the highest levels over the
past 2,500 years. The Delta has been predominantly a freshwater tidal marsh for the last
2,500 ycears.

2. Human activities during the last 150 years, including channclization of the Dclta,
elimination of tidal marsh, construction of deep ship channels, and diversion of water,
have resulted in the increased salinity levels in the Delta.
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3. Conditions in the Delta during the early 1900’s were much fresher than current -n/a -
conditions for hydrologically similar periods. Salinity typically intrudes 3 to 15 miles
farther into the Delta today.

4. The historical record and published studies uniformly demonstrate and conclude the
Delta is now managed at a salinity level that is much higher than would have occurred
under pre-1900 conditions, Operation of new reservoirs and water diversion facilities for
salinity management reduces salinity intrusion somewhat, but the levels still exceed pre-
1900 salinities.

5. Seasonal and inter-annual variation in salinity has also been changed; however, this
change is largely the result of reduced freshwater flows into the Delta. At any given
location in the western Delta and Suisun Bay, the percentage of time during the year
when fresh water is present has been greatly reduced or, in some cases, largely
climinated.

Background

Flows and water quality in the Sacramento-San Joaquin Delta (Delta) are strongly influenced
by freshwater inflow from the rivers, by the tides in San Francisco Bay and by salinity from
Bay waters. Prior to human influence, the historical distribution of salinity in the Delta was
controlled primarily by the scasonal and inter-annual distribution of precipitation, the
geomorphology of the Bay and Delta, daily tides, the spring-neap - tidal cycle, and the mean
sea level at Golden Gate. Extended wet and dry periods are both evident in the historical
record, Since about 1860, a number of morphelogical changes to the Delta landscape and
operational changes of reservoirs and water diversions have affected flows and the
distribution of salinity within the Delta.

Between 1860 and 1920, there was significant modification of the Delta by humans:
(i) marsh land was reclaimed,

(ii) hydraulic mining caused extensive deposition and then erosion of sediment, and,
(1ii) Delta channels were widened, interconnected and deepened,

Large-scale reservoir construction began in about 1920 and continued through the 1970°s,
changing the timing and magnitude of flows to the Delta. Large volumes ol water began to
be diverted for agricultural use upstream of and within the Delta in the same time period. In
more recent times, California’s Delta water resources have been extensively managed to
meet the water supply needs of the State’s municipal, industrial, and agricultural water users,
with altempts made to also provide flow and water quality conditions to meet fishery needs

Praposals for significant additional alteration of the Delta and of flows within the Delta are
currently being developed as part of the Bay-Delta Conservation Plan process”. To

! During a spring tide, the gravitational forces from the sun and meon are largely the same direction and
the high-low tidal range is greatest. During a neap tide, the gravitational forces sun and moon are largely
not aligned and the tidal range is the lowest. The spring-neap tidal cycle, from strong spring tides through
weak neap tides and back lo spring tides, in San Francisco Bay has a period of about 14 days.

? www baydeltaconservationplan.com
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understand the effect of those proposals, it is important to accurately establish historical -n/a -
conditions. For example, for ccological restoration to be successful, it is necessary to

establish and understand the conditions to which native species have previously adapted and

survived in order to predict their response to future changes in climate or waler management.

This report uses available data and modeling to examine the consequences of structural

changes in the Delta (channelization, channel dredging), increased diversions of water

upstream of the Delta. reservoir operations, climate and sea level effects, and other factors on

Delta salinity.

Objective

The objective of this report is to answer two major questions regarding the historical extent
of fresh water and salinity in the western Delta and Suisun Bay:

1. What was the extent of fresh water and what were the salinity conditions prior to large-
scale reservoir operations and water diversions (i.e., prior to early 1900°s) and prior to
structural changes in the Delta (i.e., prior to the 1860°5)?

1.  What are the effects of larg le water practices (reservoir operations and

diversions) on salinity conditions in the western Delta and Suisun Bay?

Approach

Available data were used to characterize historical and present-day fresh water extent and
salinity inirusion into the Delta. The data examined in this report include paleohistorical
records (over geologic time seales) of river Mow and salinity (Section 2), instrumental
observations of hydrology and salinity (Section 3), and literature reports on the extent of
fresh water in the Delta (Section 4). Additional details and supplemental information are
presented in the Appendices to this report.
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Introduction

1.1. Background

The Sacramento-San Joaquin River Delta (Delta) is fed by fresh water from the Sacramento
River and the San Joaquin River basins (Figure 1-1). The Delta is connected to the San
Francisco Bay through Suisun and San Pablo Bays, and the movement of water back and
forth between the Delta and the Bay results in mixing between saline water from the Pacific
Ocean and fresh water from the rivers flowing into the Delta. The extent to which salty
ocean water intrudes into the Delta is a function of natural processes such as ocean tides and
precipitation and runoff from the upstream watersheds. Tt has also been greatly influenced by
anthropogenic activities (¢.g. construction of artificial river channels, removal of tidal marsh,
removal of floodplain connections to channels, deepening of channels for navigation
purposes, reservoir storage and release operations, and water diversions).

Proposals for significant additional alteration of Delta channels and marshland, of flows
within the Delta, and of reoperation of upstream reservoirs are currently being developed as
part of the Bay-Delta Conservation Plan, which builds upon carlier work by the Delta Vision
Blue Ribbon Task Force’, and others (e.g., scc Lund ef al., 2007). To understand the context
and effect of those proposals, it is important to accurately understand the historical conditions
previously experienced by Delta species.

An analysis of the salinity trends and variability in northern San Francisco Bay since the
1920%s and the factors controlling those salinity trends has recently been published (Enright
and Culberson, 2009), with a focus on a comparison of pre-1968 salinity and flows with post-
1968 conditions. This report includes analysis and review of reports, data and information
from the period prior to Enright and Culberson’s analysis, and includes the review of salinity
trends using paleohistorical data.

Historically, reproduction of most species in the Bay-Delta (biotic production phase)
occurred during the high-flow periods (winter and spring) and biotic reduction occurred in
the low-flow periods (summer and fall) (Baxter et al., 2008). Multi-year wet periods most
likely resulted in population increases, whereas drought periods likely resulted in reduced
reproduction and increased predation. The recent report on Pelagic Organism Decline (POD,
Baxter er al., 2008) indicated that reduced flow variability under the current water
management conditions may have exacerbated the effects of predation on the population
abundance of pelagic fish species in the Bay-Delta estuary. Native species of the Bay-Delta
system adapted to the historical salinity conditions that occurred prior to large-scale water
management practices and physical changes in the Delta. The historical salinity conditions in
the Delta provide insight into the response of fish species to proposed ecosystem restoration
actions, and the response of species to future changes in climate or water management,

! Delta Vision Blue Ribbon Task Force was appointed by California Governor Amald Schwarzenegger in February

2007 and adopted the Delta Vision Strategic Plan in October 2008,
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Figure 1-1 — Map
fu) Topographical map of California, with cutlines of the Sacramento River, San Joaquin River, and
Tulave Lake basins, purple rectangle indicates the extent of the inset in panel (h). (b) Sacramenio —
San Joaguin Delta and Swisun Bay region; green rectangle indicates the extent of the Western Delia
and Suisun Bay enlarged in panel (c). (c) Extent of saliniry evaluations considered within this study,
inchuding names of locations referenced throughout this report.
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The salinity concentrations in San Francisco Bay and the Delta are the result of tides that -n/a -
move seawater into the system and are controlled in large part by the amount of fresh water

passing through the system (Denton, 1993; Uncles and Peterson, 1996; Knowles er al.. 1998).

The salinity distribution is driven by the motion of the tides, which convey ocean water into

the system on the flood tide and draw a mixture of ocean and river water back out again on

the ebb tide. These tides act on natural diurnal (repeating twice per day) and spring-neap

(repeating cvery 14 days) cycles driven by the gravitational forces of the sun and moon

(Oltmann and Simpson, 1997; Burau et al.. 1999).

Other factors affecting Bay-Della salinity (discussed in Appendix A) may be smaller but are
not insignificant. When comparing historical salinity conditions in the Bay-Delta watershed,
it is often helpful to compare periods with similar hydrological conditions so that the changes
due to other factors can be discerned. This will reveal if there is an anomalous change in
salinity, even if the specific cause of that change in salinity is not known.

Major anthropogenic modifications to the Delta that affect salinity intrusion began with the
LEuropean settlement of the region and can be classified into two categories: physical
maodifications of the landscape (e.g., removal of tidal marsh, separation of natural floodplains
from valley rivers, construction of permanent artificial river channels, and land-use changes)
and water management activities (e.g. diversion of water for direct agriculture, municipal, or
industrial use, and reservoir storage and release operations).

As shown in Figure 1-2, tidal marsh acreage in the Delta decreased significantly from nearly
346,000 acres in the 1870°s to less than 25,000 acres in the 1920°s and has since continued
decrease. Even after hydraulic mining for gold was banned in California in 1884, large
quantities of mining debris continued to be carried by runofT into the Delta, where it was
deposited as sediment, filling channels in the Delta and Suisun Bay. Between 1887 and
1920, Suisun Bay became an erosional environment and continued to lose sediment through
1990, Enright and Culberson (2009) discuss the effects of the changes in Suisun Bay
bathymetry on salinily intrusion. Major dredging projects on the main Delta channels to
create the Stockton and Sacramento Deep Water Ship Channels (DWSC) have also changed
how flows and, thercfore, salinity arc distributed throughout the Delra,

Each of these [actors has changed the salinity regime: loss of tidal marsh lands has allowed
increased tidal energy deeper into the Delta, increasing tidal flows and salinity dispersion
(Enright and Culberson, 2009), net erosion and increasing depth within Suisun Bay likely
increased dispersive transport of salt up the estuary (Enright and Culberson, 2009), and
deeper channels allow increased salinity intrusion due to increased baroclinic eirculation and
increased tidal flow and dispersion..

However, these physical modifications generally have had less effect on salinity intrusion in
the Delta than the major water management activities that have resulted in large-scale
diversion of water for reservoir storage and agriculwral, domestic, and industrial water use
(Nichols er «l, 1986; Knowles, 2002). As will be seen in data presented in this document,
early diversions before large-scale storage projects resulted in greatly increased salinity
intrusion, especially in the summer irrigation season, peaking in September. Later, reservoir
operations reduced salinity intrusion in the summer and fall, but increased it in the winter and
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spring, up until the mid-1980’s. Subsequent water operations have resulted in increased
salinity intrusion year round

5 Tidal Marsh Acreage I San Francisco Bay
5 404 S e i [ 5an Pablo Bay
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Figure 1-2 — Chronology of anthropogenic madifications to the Bay-Delta landscape
Bay-Delta landscape has undergone significant changes since the mid-1800's. Tidal marsh acreage
top panel) has been significantiy reduced (data from Arwarer, et al., 1979). Suisun Bay received a
plse of sediment from hydraulic mining in the late 1800's (middle panel), but lost sediment from 1887
o 1990 felata from Cappiella et al., 1999), Nunterows efforts to widen and deepen the main channels
within the Delia have occwrred throughout the 20 Century (bottom panel).

The largest reservoir of the federal Central Valley Project (CVP), Lake Shasta, was
completed in 1945, and the largest reservoir of the State Water Project (SWP), Lake Oroville,
was completed in 1968, Total upstream reservoir storage capacity increased from | MAF in
1920 to more than 30 MAF by 1979, The CVP began exporting water from the southern
Delta through Jones Pumping Plant (formerly known as the Tracy Pumping Plant) in 1951,
and the SWP began exports through Banks Pumping Plant in 1968. By 1990, the combined

expart of water from the southern Delta through the Banks and Jones Pumping Plants was
about 6 MAF per year.

Figure 1-3 shows that the greatest increase in upstream reservoir storage occurred from the
1920’s through the 1960"s. Prior to the construction of major waler management reservoirs,
irrigated acreage grew to about 4 MAF. The construction of the reservoirs allowed irrigated
acreape to increase to about 9 MAF. Since 1951, when the first south Delta export facility
was completed, annual diversions from the Delta have increased to a maximum of about §
MAF; total annual diversions from the system arc estimated at up to 15 MAF.
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Regulation Milestones Affecting Water Management
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Figure 1-3 — Chronology of anthropogenic activities that affect water management
Reservoirs {top panel) and irvigated crops in the Central Valley (second panel) after the timing and
magnitude of water flow fo reach the Delie. Diversions and exports within the Delia (third panei)
Sfitrther reduce the amenmnt of walter to flow through the Delta to Sutsun Bay. Regulations (botlom
panel) requtive 1ii jons o water activities 1o meer specific low and water quality
objectives,

Figure 1-3 also presents the timeline for recent regulatory milestones that have affected Delta
water guality. Salinity was dominated by water quality standards o protect
Delta agriculture and municipal and industrial (M&I) uses in the 1978 Water Quality Control
Plan and State Water Resources Control Board (SWRCB) Decision 1485, The Bay-Delta
Accord of 1994 and subsequent SWRCB Water Rights Decision 1641 made fishery
protection the dominant factor for salinity management with new estuarine habitat or “X2
Standards™ from February through June, with minimum outflows for the remainder of the

* X2 is the distance, in kilometers from the Golden Gate, to the location of the 2 pant per thousand salinity line. A
larger X2 means salinity has intruded farther into the Delta.
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year. The relationship between X2 and estuarine habitat is discussed in detail in Jassby et al.
(1995).

These regulations apply throughout the year and have modified how the large-scale water
management reservoirs and export facilities are operated. For instance, delta smelt was listed
as a threatened species under the federal Endangered Species Act in 1993, and Sacramento
River winter-run salmon was listed as endangered in 1994, The subsequent biological
opinions, 1994 Bay-Delta Accord, and the adoption of a new water quality control plan by
the State Water Resources Control Board in 1995, required increased reservoir releases in
some months for lemperature control in the Sacramento River below Shasta and for salinity
control in Suisun Bay. They also applied additional limits on pumping at the export facilities
in the south Delta.

Changes in water diversions and reservoir operations have altered the magnitude and timing
of river flows to the Delta, and anthropogenic modifications to the Delta landscape have
altered the interaction of fresh water from the rivers with salt water from the ocean, thus
changing patterns of salinity intrusion into the Delta.

1.2. Comparing Historical Conditions

Flow and salinity conditions prior to human interference varied according to seasonal and
annual hydrological conditions, short-term and long-term drought cycles and other natural
changes, so “natural” conditions include variability that must be considered in any analysis.
Hydroclimatic variability is deseribed by “unimpaired” runoff, which represents the natural
water production of a river basin, unaltered by water diversions, reservoir storage and
operation, and export of water to or import of water from other basins.

As discussed above, large-scale water management operations during the last 100 years
superimposed on the anthropogenic modifications to the Delta landscape have significantly
b d Delta liti It is possible to remove the effect that water management
operations have had on flows and generate a corresponding set of unimpaired flows.
However, it is not possible, without complex assumptions and modeling, to also remove the
additional effect of the land use, channel and tidal marsh modifications to the Delta.

The historical conditions presented in this report have been determined from records in
paleoclimatic fossils and measured directly with various scientific instruments. The
paleoclimatic data start well before human influence, but continue through the 20" Century
when anthropogenic modifications became significant.

Because of the natural hydroclimatic variability, no past historical period may fully represent
“natural” conditions. Therefore, this report summarizes the available histerical salinity
information with reference to the time period of the observations, and then compares each
period to the salinity regime during present day periods with similar upstream unimpaired
hydrology. Where there are significant changes in salinity, despite similar upstream
unimpaired hydrology, other factors such as landscape modifications and water management
operations must be contributing factors.
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1.3. Objective

The objective of this report is to answer two major questions regarding the historical extent
of fresh water and salinity in the western Delta and Suisun Bay:

1. What was the extent of fresh water and what were the salinity conditions prior to large-
scale reservoir operations and water diversions (i.e., prior to early 1900°s) and prior to
structural changes in the Delta (i.e., prior to the 1860°s)?

11. What are the effects of large-scale water management practices (reservoir operations
and diversions) on salinity conditions in the western Delta and Suisun Bay?

1.4. Report Structure
The remainder of this report is organized as follows:
Section 2: Paleoclimatic Evidence of the Last 10,000 Years

Estimated river flow data and salinity records for the past several thousand years have been
obtained from paleoclimatic records, such as tree rings and sediment cores. These records
capture the hydroclimatic variations over decadal and centennial time scales and are useful
tools in understanding the freshwater flow and salinity regimes before modern
instramentation.

Section 3: Instrumental Observations of the Last 140 Years

Long-term precipitation and river runoff records from the 1870’s to the present provide
context for the salinity observations. Climatic variability of precipitation and runoff in the
upper watershed has a significant influence on salinity intrusion, with greater salinity during
dry periods and lower salinity during wet periods. 1f, for example, the salinity is greater or
less than what would be expected based on the natural climatic variability, as measured by
unimpaired runof¥, other factors must be influencing salinity intrusion.

Reservoir operations, diversions and consumptive use (collectively termed “water
management™) alter the amount of runoff from the upper watershed that actually flows out of
the Delta. Observations and common computer models are used to assess the effects of this
water management on Net Delta Outflow (the net quantity of water flowing from the Delta to
the Suisun Bay) and on salinity in the western Delta and Suisun Bay. Observations include
measurements of salinity indicators by the California & Hawaiian Sugar Refining
Corporation (C&H) from the early 1900’s and long-term monitoring data from the
Interagency Ecological Program (IEP). Modeling tools include the DAYFLOW program
fraom 1EP, the DSM2 model from the California Department of Water Resources, the x2°

* X2 is defined as the distance from the Golden Gate to the 2 part-per-it 1 isohaline {equi to a salinity of
2 grams of salt per kilogram of water), measured along the axis of the San Francisco Estuary. X2 is often used as
an indicator of freshwater availability and fish habitat conditions in the Delta (Jassby ¢ aol., 1995, Monismith,
1998),
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equation (Kimmerer and Monismith, 1992) and Contra Costa Water District’s salinity
outflow model (also referred to as the G-model) (Denton, 1993; Denton and Sullivan, 1993).

Section 4: Qualitative Observations of Historical Freshwater Flow and Salinity
Conditions

Qualitative ohservations on salinity conditions in the western Delta and Suisun Bay from an
early water rights lawsuit and from various literature reports are discussed to provide a
perspective of the salinity conditions prevailing in the late 1800's and carly 1900°s. The
1920 lawsuit filed by the Town of Antioch against upstream irrigation districts alleged that
the upstream water diversions were causing increased salinity intrusion at Antioch (Town of
Antioch v. Williams Trrigation District, 1922). Briefings and testimony from the legal
proceedings are indicative of the salinity conditions prevailing in the early 1900°s, as are
literature reports of conditions in the western Delta and Suisun Bay. These reports contain
both qualitative observations and anecdotal information regarding historical salinity
conditions, Because the proceedings were adversarial in nature, this report focuses on the
testimony of the upstream interests, who were trying to demonstrate the extent of salinity
intrusion in the Delta prior to their diverting water. Note that the Supreme Court did not base
its final decision on the evidence of whether or not Antioch had continuous access to fresh
water. The Court’s decision was based on the State policy to irrigate as much land as
possible for agriculture; the Court did not pass judgment on the accuracy of the testimony of
either side.

Section 5; Conclusions

This section synthesizes the findings from Sections 2 through 4 and presents the overall
conelusions regarding trends in the historical Delta salinity.
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2. Paleoclimatic Evidence of the Last 10,000 Years

Paleoclimatic evidence from the watershed of San Francisco Bay (Bay) and Sacramento-San
Joaquin Delta (Delta), obtained from proxy information such as tree rings and sediment
deposits, provides a history of conditions before modern direct instrumental observations.
Evidence of major regional climatic events that represent long-term wet period and drought
cycles will be discussed, followed by discussions of Delta watershed runoff and Delta
salinity, as measured by flow and electrical conductivity instrumentation.

2.1. Major Regional Climatic Events

The modern Bay-Delta is relatively young in terms of geologic timescales. The estuary
started forming around 8.000 to 10,000 years ago (Atwater ef al. 1979), when rapid sea level
rise allowed the ocean to enter the Golden Gate. At this time, there was no Bay or Delta, but
simply river valleys. Rapid sea level rise continued, such that approximately 6,000 years
ago, the outline of San Franeisco Bay, including San Pablo Bay and Suisun Bay, resembled
the modern extent. At about the same time, sea level rise slowed to a more moderate pace,
allowing tidal marshes to begin to form.

Malamud-Roam et af. (2007) review paleoclimate studies in the Bay-Delta watershed,
summarizing evidence of climate variability through the development of the present day Bay-
Delta system (Table 2-1).

Table 2-1 — Climate during the evolution of the Bay-Delta estuary
Overview of precipitation, temperaiure, and sea level conditions during the last 10,000 years based on
data from Malamid-Roam et al. (2007) and Meko et al. (2001). Time periods ave given in terms of
mimber af years age (represenied as age, a; or ka for 1.000 year age) and the Common Era (BCE/CE)
calendar system. The shading indicates relatively dry periods

Approximate 2 =
1{.?;‘ Period Prevailing Climate and Geomorphology
I0kato 8ka = Rapid sea level rise

8000 BCE to 6000 BCE = Ocean enters Golden Gate
= San Francisco Bay is just a river valley
= Cooler than 20th Century, but becoming warmer and

drier
6katoSka * Sea level rise slows to more moderate pace
4000 BCE to 3000 BCE = OQutline of San Francisco Bay resembles modern
extent

= Tidal marsh begins to form in the Delta

= Temperature reaches a maximum of the last 10,000
years

= Relatively dry conditions

= Central Valley floodplain system began to develop
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’;f;: ;o‘;i':z‘: Prevailing Climate and Geomorphology
4kato2ka = Cooling trend with increased precipitation
2000 BCE to | CE = Large flood occurred ~ 3,600 years ago (1600 BCE)
2kato 0.6 ka = Trend to more arid, dry conditions
1 CE to 1400 CE *  Severe droughts:
= 1,100 to 830 years ago (900 CE to 1150 CE)
® 800 to 650 years ago (1200 CE to 1350 CE)
0.6kato 0.2 ka Relatively cool and wet conditions

1400 CE to 1800 CE MNumerous episodes of exireme flooding
Includes “Little lee Age™ (1400 CE to 1700 CE)
90 ato 50 a Dry period in the Sacramento River Basin.
1910 CE to 1950 CE = Longest dry period in the last 420 years
(34 years centered on the 19307s)
= Driest 20-year period in the last 370 years
(1917 CE 10 1936 CE)

A number of scientific studies have used paleo-reconstruction techniques to obtain long-term
(decadal, centennial and millennial time scale) records of river flow (e.g., Earle, 1993; Mecko
et al, 2001) and salinity of the Bay and Delta (e.g., Ingram and DePaolo, 1993; Wells and
Goman, 1995; Tngram et af , 1996; May, 1999; Byme et al.. 2001; Goman and Wells, 2000;
Starratt, 2001; Malamud-Roam and Ingram, 2004, Malamud-Roam er al., 2006; Malamud-
Roam et al., 2007; and Goman &t al., 2008). The reconstructions described in the following
sections focus on the 2,000 years before present. As indicated in Table 2-1, this period was
relatively dry with two extreme regional droughts, followed by relatively cool and wet
conditions during the “Little Ice Age,” then by a retum of dry conditions at the early part of
the 20™ Century.

2.2. Reconstructed Unimpaired Sacramento River Flow

Meko er al. (2001a.b) used tree-ring chronologies in statistical regression models o
reconstruct lime series of annual unimpaired Sacramento River flow" for approximately the
past 1,100 years (for the period 869 CE — 1977 CE). As discussed in Section 1.2, unimpaired
flow is an estimate of the flow that would occur in the basin without the effects of water
management activities.

The 1,100-year record shows strong variability between individual water years (Figure 2-1),
with annual flow ranging from approxi ly 8% of average to 265% of average, where
average is defined here for practical purposes as the average observed unimpaired flow from

© Meka et al. (2001 a) used the annual unimpaired Now record for the Sacramente River provided by the Department
of Water Resources, which is the sum of the following: flow of the Sacramento River at Bend Bridge, inflow of
the Feather River to Lake Oroville. flow of the Yuba River at Smartville. and the flow of the American River to
Folsom Lake. This definition is consistent with the definition typically used in hydro-climatic studies of this
region (e.g.. hitp://cdec.waler.ca.gov/cgi-progs todi/ WSITHIST )

10 Exhibit CCWD-6 February 12, 2010



No comments
-n/a-

1906 to 2009 of 18 million acre-feet per year (MAF/yr). The reconstructed record shows
alternating periods of wet and dry conditions and is consistent with historical droughts (such
as the drought in the Mono Lake region of California in the medieval period, around 1150
CE) reported by other paleoclimate studies (Mal I-Roam ef al., 2006).

As indicated by the shading in Figure 2-1, the driest long-term drought in the Sacramento
River basin in the last 1,100 vears occurred from approximately 1130 CE to 1415 CE when
the S0-year average flow was seldom above normal for nearly 300 years. Following this
drought, conditions were relatively wet (from approximately 1550 CE to 1900 CE). The
timing of these droughts and wet periods will be compared to paleosalinity records in the
following section.
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Figure 2-1-R ucted 1 uni ired Sacr to River flow 869 CE to 2009 CE

Annual reconstructed unimpaired Sacramento River flow (grey line) as a percentage of the average
amnual observed runaff from 1906 ta 2009 shows strong variability between years. The St-year
running average (thick black line) illustrates there were extended periods of above-normal and below-
narmal runoff conditions. The orange shading highiights an extended dry period in the reconsiructed
wnimpaired Sacramento River data when the Sil-year average flow is seldom above normal for nearly
30t years. Data for 869 CE to 1905 CE were reconsivucted by Meke et al. (2000b); data for 1906 CE
1 2009 CE are observed records from the California DWR (2009).
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Mcko et @l. (2001a) indicated that for their 1,100-year reconstructed period, the 1630-1977
data are more reliable than the earlier time period, because of better availability of tree-ring
information and superior regression model statistics. Figure 2-2 shows the reconstructed

time series of annual unimpaired Sacramento River flow from 1630 to 1977 from Meko et al.

(2001b). The inset in Figure 2-2 shows there is a good match between the reconstructed
flows (grey line) and the observed annual flows (red line) during the period of overlap
between the reconstructed and observed records (from 1906 to 1977).

Multi-decadal periods of alternating wet and dry conditions are pervasive throughout the
reconstructed record. The wet conditions of the late 1800°s and early 1900°s, which were
followed by severe dry conditions in the 1920's and 1930°s, are consistent both with
observed precipitation and estimated Sacramento River runoff for these time periods (sce
Section 3) and with literature reports of historical conditions (see Section 4).
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Figure 2-2 - R tructed 1 unimpaired Sacr River flow from 1630-1977.
Annual reconstructed unimpaived Sacramento River flow (grey line in main panel and inset) for the
1630 to 1977 tine period was identified by Meko et al. (2001a) as the masi accurate period of
recanstruction. Inset panel illustrates the compuarison between observed (red) and reconstructed (grevi
unimpaired flows during the overlap period. The mean of the reconstructed unimpaired flow for 1630-
1977 is 17.7 MAFyr (dashed hovizontal line in main panel). The 5-vear centered running average
(thick solid blue line in main panel) illustrates the decadal trends.

Meko et al. (2001a) identified the severe drought periods in the reconstructed Sacramento
River flow record (1630-1977) by computing the lowest n-year moving average, For
instance, to determine the most severe 6-year drought, Meko et al. calculated the moving
average using a 6-year window for the entire data set and then identified the lowest 6-year
average. Meko er al. found that the period from the early 1920°s to late 1930°s experienced
the lowest 6-year, 10-year, 20-year, and 50-year averages (or droughts), both in the
reconstructed and observed records. The observed droughts in Table 2-2 have been updated
through present ( 1906-2009) using the same analysis; this update did not change the drought
time periods identified by Meko er al. The reconstructed record of unimpaired Sacramento
River flow shows the period from early 1920's to late 1930°s experienced some of the worst
drought conditions since 1630. Additional data are presented in Appendix B.

Table 2-2 — Periods of drought from the reconstructed and observed records of
unimpaired Sacramento River flow
Severe drought periods in the reconsiructed Sacramento River flow record (1630-1977) were
determined by Meka et al. (2001 a) by computing the fowest n-year moving average of the
recanstructed annual unimpaired Sacramento River flow. The same method was used to determine the
most severe dronghts of the observed record (1906-200%)

| Period of lowest #n-Year moving average Sacramento River flow |
|

I-Year | 3-Year 6-Year 10-Year | 20-Year 50-Year |
Reconstruction 1775 to 1929 to 1924 to 1917 to 1912 1o
_(1630-1977) | 1924 1778 1934 1933 1936 1961
Observations | 1990t0 | 192910 1924 to 1918 to 191710 |

| (1906-2009) | 1977 1992 | 1934 | 1933 1937 1966
Conclusions

Reconstruction of unimpaired Sacramento River flow indicates:

e Annual precipitation is highly variable. Even during long dry perieds, individual years
can be very wet.

e The Sacramento River basin experienced a multi-century dry period from about 1100
C.E. 10 1400 C.E.

e The drought period in the 1920°s and 1930°s represents some of the worst drought
conditions in the last 400 years.
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2.3. Reconstructed Salinity in the Bay-Delta Estuary
Tree Ring Data

The interaction between saline ocean water from the Pacific Ocean and fresh water from the
rivers flowing into the Delta determines the ambient salinity conditions in the Delta and the
Bay. Estimates of historical precipitation derived from tree ring data can therefore be used to
estimate the corresponding salinity conditions in the Delta.

Stahle ef al. (2001) used tree ring chronologies from blue oak trees located in the drainage
hasin to San Francisco Bay to reconstruct salinity at the mouth of San Francisco Bay,
Recognizing that a number of factors influence salinity other than precipitation (estimated
from tree rings), the authors chose a time period prior to substantial water development when
the salinity data were fairly constant in mean and variance. During the calibration period
(1922-1952), annual tree ring growth correlates well with average salinity near the Golden
Gate Bridge (+*=0.81). Using this transfer function, Stahle ef al. (2001) reconstructed annual
average January to July salinity for all years 1604 to 1997.
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Figure 2-3 — Reconstructed salinity near the mouth of San Francisco Bay compares well
with reconstructed unimpaired Sacramento River flow in the upper watershed
For each vear from 1630 ta 1952, the annual unimpaived Sacramento River flow {from Meko et al.,
2001 b) is plodted against the annual average salinitv at Fort Point (from Stahle et al,, 2004)

As shown in Figure 2-3, the salinity reconstruction by Stahle er a/. (2001} compares well

with the unimpaired flow reconstruction by Meko ef af. (2001b). The data follow the
expected inverse exponential relationship between flow and salimity. Over the period from
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1630 to 1952, reconstructed salinity increases as reconstructed unimpaired Sacramento River
flow decreases. The agreement is strongest in dry years. The increased scatter in wet years
may reflect the limitations in the tree ring methods.

Stahle et al. (2001) identified an increasing divergence of observed salinity relative to
predicted (reconstructed) salinity after 1952 (Figure 2-4) and suggested that the majority of
differences are due to increased water diversions. During the calibration period (1922-1952),
the observed salinity is typically within +/- 5% of the reconstructed salinity. However, from
1953-1994, the data show an increasing trend for observed salinity to be greater than
predicted, exceeding reconstructed salinity by over 15% in 1978, 1979, 1991, and 1993.
Since 1969, observed salinity has exceeded reconstructed salinity in all years except the
extremely wet years of 1982 and 1983,

Percent Change in Observed Salinity
relative to Predicted Salinty
=
T

] (ot i = 1 T R NAe (P SO
%%30 1930 1940 1950 1960 1970 1980 1990 2000
Water Year

Figure 2-4 — Percent change in observed salinity relative to predicted (reconstructed)
salinity for the period 1922 to 1994
The reconstructed salinity record by Stahle et al. (2001) overlaps with the abserved salinity record
Srom 1922 10 1994, During this period, the percent change of observed salinity relative 1o predicied
salimity is determined as (observed salinity — reconstructed salinity) divided by reconsiructed salinity,
with positive values indicating when chserved salinity exceeded the reconstructed salinity prediction.
The calibration period is indicated with black squares, with the peviod cwside the calibration window
indicated by red circles. The straight red line is the linear irend in the post-calibration period,
indicaring observed salinity is increasingly diverging from predicied (reconstructed) salinify

These data suggest that since the 1950°s, water management operations have increased
salinity, with an escalating effect over the period of record. In addition, it is worth noting
that significant anthropogenic modifications to the landscape and water usage had already
oceurred prior to the 1922-1953 calibration period (sce Figure 1-2 and Figure 1-3). Although
this study is unable to evaluate the effect of anthropogenic modifications prior to 1953, the
following section examines salinity prior to human interference at multiple sites in the Bay-
Delta.

Tree ring reconstructions such as Meko ef al. (2001a) and Stahle e al. (2001} have the

advantage of providing high temporal resolution (i.e. annual) over approximately the last
1,000 years. However, a possible disadvantage of this method is the age of trees, limiting
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high accuracy estimates to approximately the last 400 years. A second possible disadvantage
of using tree ring reconstructions for paleosalinity is the remote location of the trees relative
to the estuary. Paleosalinity estimates from tree rings in the upper basin necessarily assume
that the precipitation patterns archived in the tree rings are representative of the quantity of
water that reaches the estuary. However, as observed by Stahle e al., anthropogenic water
management affects the amount of water that flows through the estuary.

Sediment Core and Fossil Data

Because of uncertainties in estimates of precipitation and salinity derived from tree ring data,
other paleosalinity methods that rely on local fossils to determine local salinity have also
been explored. Organic deposits ace lated in the sediments contain signatures of the
ambient conditions that can be used to infer the variations in salinity over geologic time
scales. Although reconstructions from sediment cores have a coarser temporal resolution than
tree rings, the variations in climate and landscape responses to change are better defined
geographically because the evidence of localized climate change is preserved as a time series
in sitw, at the site of interest.

The San Francisco Bay-Delta has been the focus of several paleoclimatic reconstructions
from sediment cores. Changes in wetland plant and algae communities are the dominant
response in the Bay and Delta to climate change and associated fluctuations in temperature
and precipitation. Proxies of plant and algae response to environmental conditions are
preserved in the sediment cores and determined by:
e quantification and taxonomic identification of
(iy  diatom frustules (Byrne et al., 2001; Starratt, 2001; Starratt, 2004),
(ii)  plant seeds and roots (Goman et al., 2008),
(iii) plant pollen (May, 1999; Byrne et al., 2001; Malamud-Roam and Ingram,
2004), and,
s measurement of peat carbon isotope ratios (Byme et al., 2001; Malamud-Roam and
Ingram, 2004).

Resulis from plant pollen identification for three sites in the western Delta and Suisun Bay
and Marsh are summarized below in Figure 2-5. The data indicate that Browns Island tidal
marsh, near the confluence of the Sacramento and San Joaquin Rivers in the western Delta
(Figure 2-5) was predominately a freshwater system for 2,500 years, even during century-
long droughts. This condition prevailed until the early 1900°s. The shading in Figure 2-5
corresponds to the nearly 300-year dry period identified in the reconstructions of annual
unimpaired Sacramento River flow (Figure 2-1). Although salinity intrusion occurred during
this period in Suisun Bay at Roe Island, and during earlier long drought periods, salinity did
not affect the western Delta 1o the same degree. This suggests a change in spatial salinity
gradient characteristics, and is possibly due to the effect on salinity intrusion of the vast tidal
marshes that existed in the Delta until the early 20th Century.
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Figure 2-5 — Palcosalinity evidence derived from pollen data
Salinity variabiiiny over the last 2,500 years at Rush Ranch in Suisun Marsh {left panel), Roe Istand in
Suisun Bav (center panel), and Brovwns Island in the Wesiern Delta (right panel). Data are
reproduced from Malamud-Raam and ingram (2004). Ovange shading across each panel corresponds
10 the nearly 3ti-year dry period identified in the annual iunimpaired Sacramento River flow
reconstruction (see Section 2.2) Lacations of each of the sediment cores are illustrated in the map on
the vight.

Malamud-Roam et al. (2006) attributed the differences between sites to a combination of
methodological issues (such as sampling frequency and core chronology) and site-specific
ecological differences (such as site elevation, location relative 1o channel and sedimentation
rates over time). However, all of the paleosalinity reconstructions based on pollen, diatoms
and carbon isotopes are in general agreement and suggest that salinity increased abruptly
about 100 years ago, reaching or exceeding salinity levels at any other time in the 2,500 years
of reconstructed records.

This increase in salinity may correspond to the reduction in unimpaired Sacramento River
flow evidenced in the tree ring reconstructions by Meko ef al. (2001a), which determined that
the 1920°s and 1930°s experienced the worst droughts in the last 400 years. Towever, the
droughts in the 1920’s and 1930°s do not appear to be as severe as the droughts between

1100 CE to 1400 CE (600 to 900 years ago). as categorized by unimpaired Sacramento River
flow. Yet salinity in Suisun Bay and the western Delta appears to meet or exceed the level of
the medieval droughts, indicating factors besides natural precipitation and runoff patterns
have affected salinity in the last 100 years.
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Conclusions

Reconstructions of salinity in the Bay and Delta indicate:

Precipitation in the drainage basin for San Francisco Bay (as recorded in tree rings) is
a good indicator of salinity near the mouth of the Bay for the period 1922-1953;
however, since 1953, increased water diversions have increased observed salinity
above the level predicted from precipitation estimates.

The Delta was a predominately freshwater system for 2,500 years, until the early
1900’s, even during century-long droughts.

The multi-century dry period identified in unimpaired Sacramento River flow
reconstruction is evident in Suisun Bay sediments but not in Delta sediments,
indicating that salinity did not intrude as far into the Delta during past droughts as it
has during the last 100 years,

The evidence from most sites suggests that current salinity levels are as saline as, or
more saline than, previous historical conditions.
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3. Instrumental Observations of the Last 140 Years

Field measurements of rain and snow have far greater accuracy and resolution than the
paleoclimate records of precipitation; similarly, field measurements of salinity have far
greater aceuracy and resolution than the paleosalinity records from sediment cores. These
instrumental observations will be used to analyze in more detail the salinity increase
identified in the paleoclimate records approximately 100 years ago and determine if the
increase in salinity has persisted.

The first sub-section presents observations of precipitation and unimpaired runoff in the
upper basin, indicating the natural climatic variability and amount of fresh water available
within the Bay-Delta watershed. The second sub-section examines Net Delta Outflow
(NDO), which is the amount of water flowing through the Delta into Suisun Bay, directly
affecting the level of salinity intrusion into the Delta. NDO is analyzed under both
unimpaired (without water diversions and reservoir storage and releases) and historical
{actual) conditions; comparison between unimpaired and actual conditions reveals the effect
of water management practices. The third sub-section presents field measurements and
model-based estimates of salinity at various locations within the Delta and Suisun Bay.

3.1. Precipitation and Unimpaired Flow in the Upper Basin

Precipitation in the Bay-Delta watershed indicates the amount of water available within the
system, which could ultimately reach the Bay and alfect salinity conditions. However, since
precipitation falls as both rain and snow, the timing of runoff to the river channels is often
lagged a few months due to snow melt conditions. For this reason, estimates of unimpaired
flow (runoff) are generally used to characterize hydrological variability. Unimpaired runoff
represents the natural water production of a river basin, unaltered by water diversions,
reservoir storage and operation, and export of water to or import of water from other basins.

Figure 3-1 illustrates the tolal annual precipitation at Quiney” in the northeastern Sierra, the
total annual unimpaired Sacramento River flow” and total unimpaired San Joaquin River
flow”. Figure 3-2 shows the locations of the eight precipitation stations in northern
California used to compute the Sacramento eight-station precipitation index (left panel) and
the measurement locations of cight flow gages used to calculate the Sacramento and San
Joaquin unimpaired flow data (right panel). Additional information on the annual unimpaired
flows is provided in Appendix C.

As discussed in Section 2.2, the total annual unimpaired Sacramento River flow exhibits
strong variability between years, both in the reconstructed and observed data. Figure 3-1

? Precipitation data are from Menne er al. (2009)

¥ “Unimpaired Sacramento River flow” is defined as the sum of the “full natural flows™ from the Sacramento River
at Bend Bridge, Feather River inflow to Lake Oroville, Yuba River at Smartville, and the American River inflow
to Folsom Lake. (hup:/fedec water.ea gov/cgi-progs/iodin WSTHIST)

*Unimpaired 5an Joaguin River flow” is defined as the sum of the full natural flows from the Stanislaus River
inflow to New Melones Lake, Tuolumne River inflow to New Dan Pedro Reservoir, Merced River inflow to
Lake McClure, and San Joaquin River inflow to Millerton Lake (hup://cdec. water.ca govicgi-
progs/iadin WSTHIST)
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indicates that the trends revealed in the total annual unimpaired Sacramento River flow
(middle panel) are also evident in the total annual precipitation at Quincy (top pancl) and the
total 1 unimpaired San Joaquin River flow (bottom panel). Alternating periods of wet
and dry conditions are evident in both river basins. These data indicate there were wetter than
normal conditions in the late 1800°s and early 1900°s, followed by severe dry conditions in
the 1920°s and 1930°s. These were then followed by generally wetter conditions until the
mid-1970"s.

&0

i Precipitati_,un at Quincy H 1

1970 1980 1950 2000

skl LU AL

I‘%"U IBRD 1890 1900 1910 30 IBdI'J‘
Figure 3-1 - Total 1 precipitation and unimpaired flow in the
upper Sacramente and San Joaquin River basins (1872-2009)

Total annual precipitation at (uincy in the northeastern Sierra (top panel), total annwal unimpaired
Sacramenta River Tow (middle pancl). and total annval wnimpaired San Joaguin River flaw hattom
panel). Bar color on each panel indi the regional location of the s, veflecred in the
remaining figures of this section (Figure 3-2, Figure 3-3 , and Figure 3- J,I Grey line witiiin each

panel is the 10-vear moving average for i paramerer.
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= MSE - Mounl Shasta City
-~ SHA - Shasta Dam

TT-BYM - Blus Canyon
~~PCF - Pacific House

2 = American River
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sd MRC - Mearced River
o5 48JF - San Joagum River

Figure 3-2 — Locations of Precipitation and Runoff Measurements
Location of stationy wed in the deter it of the S-station pr fon index for northern
California fleft map). including the location of Quiney (QRD), and the unimpaired Sacramento River
fevwe (red srarions, right map) and unimpaired San Joaguin River flaw {orange stations, right map)

Knowles (2000) illustrated that the seasonal timing of runoff can significantly alter salinity
intrusion without any change to the total annual runoff. For this reason, it is critical to
examine the monthly variability in precipitation and unimpaired runoff. Monthly
precipitation and unimpaired flow values are available for a shorter time period (generally
1921 to present) than the total annual values (generally 1870’ to present)

The monthly distribution of the Sacramento eight-station precipitation index ' indicates that
most of the precipitation in northemn California occurs during November through March
(Figure 3-3), The variability between years, represented by the vertical bars and *+* marks,
shows the distribution is positively skewed, i.c., excessively high precipitation oceurs in
relatively few years.

Figure 3-4 presents the monthly distribution of unimpaired flow for both the Sacramento and
San Joaquin River basins. River flow lags precipitation by about two menths because of
storage of some precipitation in the form of snow and subsequent snowmelt in the spring.
Most of the unimpaired inflow to the Delta originates from the Sacramento Basin, although
the contributions from the two basins are approximately the same during the months of late-
spring and early-summer snow melt, when unimpaired runoff from the San Joaquin Basin
peaks.

' Data from 1921 through 2008, downloaded from hitp:/edec water.ca,

-progs/precip |/ ESTATIONHIS
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Figure 3-3 — Monthly Distribution of Precipitation in the Sacramento River Basin

Monthly Unimpaired Flow [MAF]
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Distribution of monthly precipitation for water years 1921 through 2008, Monthly averages are
indicated by the blue line with black circles. Monthly median is given by the blue squares, while the
interquartile range is indicated by the vertical blue fine far cack month and the vertical grey line
extends to the 10" and 90" perceniiles. Maximum and minimum values are indivated by “+' marks
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Figure 3-4 — Monthly distribution of unimpaired flow in the
Sacramento and San Joaquin River basins
Diiseriburion of monthly unimpaived flows for woter years 1921 through 2008, Manthly averages are
indicated by the lines with black civcles. Monthly median is given by the squares, while the
interquartile range is indicated by the vertical line for each month and the vertical grey line extends to
the 10th and 9tk pe iles. Maxi and mini vafues are indicaied by ‘=" marks.
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Conclusions

The long-term observations of precipitation and unimpaired flow indicate:

» Relatively wet conditions occurred in the late 1880's to about 1917 in both the

Sacramento and San Joaquin River watersheds prior to large-scale water management
operations.

= Unusually dry conditions occurred from about 1918 through the late 19307s; these
persistent dry conditions are not representative of the average conditions over the last
130 years.

e Precipitation in Sacramento River watershed peaks between December and March; the
unimpaired river flow lags by about | to 2 months because of snow melt.
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3.2. Net Delta Outflow

The quantity of water flowing from the Delta into Suisun Bay, defined as Net Delta Outflow
(NDO), is the primary factor in determining salinity intrusion in Suisun Bay and the western
Delta. Unimpaired NDO is calculated using unimpaired flow in the Sacramento and San
Joaguin Rivers (Section 3.1) as well as contributions from other minor tributaries.''
Unimpaired NDO is the hypothetical Delta outflow that would occur in the absence of any
upstream diversion or storage, but with the existing Delta channel and upstream channel
configuration.

Because the outflow from the Delta at the wide and deep entrance to Suisun Bay cannot be
measured accurately, the parameter of historical (actual) NDO is estimated from a daily mass
balance of the measured river inflows to the Delta, measurements of water diversions at
major pumping plants in the Delta, and estimates of net within-Delta consumptive use
(including Delta precipitation and evaporation).

The effect of anthropogenic water mar on NDO is illustrated below by comparing
monthly estimates of unimpaired NDO'" and historical (actual) NDO" (Figure 3-5). Since
unimpaired flow estimates also assume the existing Central Valley and Delta landscape
{reclaimed islands, no natural upstream flood storage, current channel configuration, ete. ),
this comparison reveals the net effect of water management only. This analysis does not
address the change due to physical modification to the landscape or sea level rise.

For the period of joint record, when both unimpaired and historical NDO values are available
(water year 1930 through 2003), historical NDO decreased even though unimpaired NDO
increased slightly. The long-term (74-year) linear trend in monthly unimpaired NDO (the
black dashed line in top panel of Figure 3-5) increased on average 0.49 MATF/month; thus, by
2003, the average annual unimpaired NDO had increased 5.9 MAF/year since 1930, In
contrast, the long-term linear trend in monthly historical NDO (the black dashed line in
middle panel of Figure 3-5) decreased on average -0.29 MAF/month, totaling a decrease in
historical (actual) NDO of -3.5 MAF/year. This corresponds to a net increase in diversion of
9.4 MAF /year of water from the Delta upstream watershed relative to the 1930 level .

Increased diversion and export of water have decreased historical NDO (middle panel of
Figure 3-5), but this has been partially offset by a natural increase in unimpaired NDO (top
panel). The difference berween historical and unimpaired NDO (bottom panel) is due to the
cumulative effects of upstream diversions, reservoir operations, in-Delta diversions, and

" Unimpaired NDO does not include water imported from the Triniry River system, which is outside the Dela
watershed.

lf Unimpaired NDO data was obtained from Ejeta (2009), which is an updated version of DWR (1987).

3 Historical NDO duta was obtained from the IEP’s DAYFLOW program

thttp://www.iep.ca.govidayflow/index htmil}
% Ihis is consistent with current estimates of approximately 15 MAF/year total diversion from the system, which
ineludes the 4-5 MAF/year diversions established prior to 1930 and i y | MAF/year additi water

supply imported from the Trinity River system.
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south-of-Delta exports. During most months, water management practices have historically
resulted in historical {(actual) NDO that is less than unimpaired conditions, indicated by a
negative value for the quantity (historical NDO — unimpaired NDO).

Because the difference between monthly historical and unimpaired NDO has become more
negative over time, the periods of excess conditions (when historical NDO exceeds
unimpaired NDO) have become very infrequent. The only occurrences are now following
the wettest vears, primarily due to releases from reservoirs in the fall to make room for
winter flood control storage.

ag—| — Monthly NI

— 5. Vear Average of Monthly NDO Unimpaired NDO

Increased water use

o e TR TR T T e T T
Figure 3-5 — Time series of Monthly Net Delta Qutflow under unimpaired conditions and
historical (actual) conditions

The thin color line on each panel indicates the monthly NDO, the thick color line indicates o running

S-vear average of the monthly NDO, and the dashed black line indicates the linear long-term trend.

The monthly distribution (Figure 3-6) of unimpaired NDO and historical NDO for water
years 1930 to 2003 reveals that for all months except September and October (when NDO is
low), average unimpaired NDO is greater than average monthly historical NDO. The
tendency in the average historical NDO toward greater flow in September and October is
influenced strongly by the period prior to about 1975 when reservoir operations resulted in
more flow in those months (see Figure 3-7 and related discussion below). On average from
1930-2003, water management practices reduced Delta outflows in the months of November
through August (and in all months since about 1975, see Figure 3-7). The greatest reduction
in Delta outflow relative to unimpaired conditions occurs in the months of March through
June, when spring snow melt is captured in reservoirs and a portion of the river flow is
diverted for direct use.
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As also shown in Figure 3-6, water management practices also shift the peak flow periods to
carlier in the year. The unimpaired NDO hydrograph peaks in May when snow melt
contributes to high river flows, with at least 4.1 MAF in May in 50% of the years (averaging
4.2 MAF in May over all years). The historical NDO peaks in February with at least 2.9
MAF/month in 50% of the years (averaging 3.7 MAF/month over all years)., The variability
between years, represented by the vertical bars and “+' marks, indicates the distribution is
positively skewed, which means a relatively few years have excessively high flows,
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+ W Unimpaired
4 + B Historical
16 + + . 2
i Exceedance
max 4
- + * 19
£
B 12 25
z + IR 50
= i 75
‘é 10 2 = medial
90
2 * + min 4
& 5 +
2 AVE il
o +
6 +
=
4
2
+
o e + - b S : b
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Figure 3-6 — Monthly distribution of Net Delta Outflow
Distribution of monthly NDO for water years 1930 through 2008. Monthly averages ave indicated by
the lines with black civeles. Monthly median is given by the squares, while the interquariile range is
indicated by the vertical line for each month and the vertical grey line extends to the 10th and 90th
perceniiles. Maximum and mininunt valies ave indicated by "+ marks.

Figure 3-7 shows the long-term trends in the difference between historical (actual) monthly
NDO and unimpaired monthly NDO. Increased water usage and increased diversion of water
to storage has reduced historical NDO relative to unimpaired NDO in most months of the
year. In July (and August, not shown in Figure 3-7), the deficit is reduced, likely due to
reservoir releases which provide a portion of the water diverted by upstream users prior to
reservoir construction. The 1994 Bay-Delta Accord called for higher minimum Delta
outflows in July and August to protect Delta fish species, which should also serve to reduce
the deficit. However, historical {(actual) NDO still remains less than unimpaired NDO.
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In September (and October, not shown in Figure 3-7), historical (actual) NDO exceeded
unimpaired NDO from about 1945 to 1975, with an increasing trend in the percent change.
Since 1975, the percent change has shown a downward trend with a deficit (historical NDO
less than unimpaired NDO) during most years since 1975,
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Figure 3-7 — Long-term trends in monthly NDO
Pereent change of NDO relative to unimpaired conditions. Cireles indicate the percent change for
each month of the period of record. The red line indicates a moving 5-year average of the percent
change, while the black line indicates the fong-term linear wrend over the entire period of record.
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Conclusions

Anthropogenic water management practices have altered NDO in the following ways:

Long-term data demonstrate that the difference berween historical (actual) NDO and
unimpaired NDO is increasing over time, indicating that water management actions have
reduced Delta outflow significantly.

During most months, water management practices have reduced Delta outflow relative
to unimpaired conditions. From the mid-1940’s to the mid-1980’s, reservoir operations
resulted in historical (actual) NDO slightly greater than unimpaired NDO slightly in a
number of months, largely in the fall. However, since 1985, reservoir operations have
resulted in increased NDO only in the wettest years, and NDO has declined in all other
months.

On average, water management practices have resulted in reduced Delta outflows in all
months except September and October. The greatest reduction in Delta outflow relative
to unimpaired conditions occurs in the months of March through June, when spring
snow melt is captured in reservoirs and some of the remaining river flows are diverted
for direct use.
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3.3. Salinity in the Western Delta and Suisun Bay

Observations and model-based estimates can be used to examine historical variations in
salinity in the western Delta and Suisun Bay. The observations examined in this section
include records from the early 1900°s from the California & Hawaiian Sugar Refining
Corporation in Crockett (C&H) and long-term monitoring data published online by the
Tnteragency Ecological Program (TEP). Estimates of salinity intrusion were obtained using
the Kimmerer-Monismith equation describing X2 (Kimmerer and Monismith, 1992).

Section 3.3.1 addresses the importance of consistency among salinity comparisons. The
spatial variability of a specific salinity level is examined in Section 3.3.2 and Section 3.3.3,
while the temporal variability of salinity at specific fixed locations is explored in Section
3.3.4 and Section 3.3.5,

3.3.1. Importance of Consistency among Salinity Comparisons

Water salinity in this report is specified either as electrical conductivity (EC) oras a
concentration of c¢hloride in water. EC is a measure of the ability of an aqueous solution to
carry an electric current and is expressed in units of microSiemens per centimeter {j.iSfcm)",
Chloride concentration is specified in units of milligrams of chloride per liter of water
{mg/L). Conversion between EC and chloride concentration can be accomplished using site-
specific empirical relationships such as those developed by Kamyar Guivetchi (DWR, 1986).

Previous studies have evaluated the level of salinity in the Bay and Delta, using a variety of
salinity units (e.g. EC, chloride concentration, or concentration of total dissolved solids in
water) and various salinity parameters (e.g. annual maximum location 1,000 pS/cm EC,
monthly average location of 50 mg/L chloride, or daily average EC at a specific location).
Therefore, when comparing studies, it is critical to use consistent salinity units, parameters,
and timing, including the phase of tide and time of year. These concepts are discussed
further in Appendix D.

3.3.2. Distance to Fresh Water from Crockeft

The California & Hawaiian Sugar Refining Corporation (C&H) is located in Crockett, near
the western boundary of Suisun Bay (see Figure 3-8). C&H either obtained its freshwater
supply in Crockett, or, when fresh water was not available at Crockett, from barges that
traveled upstream on the Sacramento and San Joaquin Rivers. The barges generally travelled
upstream twice a day beginning in 1908 (DPW, 1931). C&H recorded both the distance
traveled by its barges to reach fresh water and the quality of the water they obtained. This
provides the most detailed quantitative salinity record available prior to the initiation of
salinity monitoring by the State of California in 1920. The distance traveled by the C&H
barges serves as a surrogate for the prevailing salinity conditions in the western Delia and

"* The reported EC values are actually specific i.e., the electrical ductivity of the water solution at
a reference temperature of 25 le, as is i
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Suisun Bay. C:Ecralions by C&H required water with less than 50 mg/L chloride

concentration.'® Additional detail on C&H operations and the detailed barge travel data are
included in Appendix D.

Figure 3-8 — Map of Suisun Bay and Western Delta
with locations of continuous monitoring stations

C&H barges traveled up estuary from Crockett (vellow star). L fons of IEP conr) idowings
stations are shown in red. Scale in miles is indicaied in the upper lefi corner of the map.

'® In comparison. the 50 mg/L ion required for C&H ions is one-third the ion of the
industrial water quality standard under current conditions in the Delta,
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Figure 3-9 — Distance to fresh water from Crockett
“Distance to fresh water™ is defined as the distance in miles upsiream of Crockett to water with less
than 50 mg/L chloride concentration. The horizontal line. at approximartely I8 miles, is the distance
from Crockeit to the Delta. The shading represents the spatial extent and dwration of the presence of
resh water within Suisun Bay, downstream of the Delta

Data notes: (1) During August and Seprember 1918, average water guality obtained by C&H exceeded
116 mg/L chlovides; (2) Salinity during 1966 is likely an overestimate due lo relatively sparse spatial
coverage of [EP monitoring stations. During 1966, salinily at Emmaton (28 miles from Crocker)
exceeded 3,000 uSiem; the nearest station upsireans of Entmaton is near Courtland (58 miles frons
Crockert) and had a salinity of ~ 300 uSiem. Location af 350 uSiem isohaline based on data
inierpolation between these two stations (which are 30 miles apart) is nat hiely to be representaiive of
the true location.

Figure 3-9 compares surface'” salinity data from C&H with estimates derived from a
network of continuous surface salinity monitoring stations (Figure 3-8) within Suisun Bay
and the western Delta dating back to 1964. The monitoring data are published online by the
Interagency Ecological Program (1EP, sce hitp://iep.water.ca.gov/dss). The location of the
350 pS/em EC isohaline, which approximately coincides with the C&H criterion of 50 mg/L.
chloride concentration, was estimated from the IEP measurements by linear interpolation
between the average daily values at [EP monitoring stations.

7 . ”
"7 Pue ta the method of collection, T&H water les are 1 to be from near the water surface.
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As a cautionary note, depending on the source of information, the C&H barges are said to
have traveled with the tide, indicating they either took water at high tide (moving up river on
the flood and down on the ebb) or at low tide (traveling against the tide, but moving a
shr.u -ter distance). Thus, the C&H records either represent the daily maximum or daily
distance traveled. In contrast, the distances to fresh water caleulated from recent
monitoring data are based on the average daily values of EC measured ai fived locations.
The difference berween daily average distance and daily minimum or maximum is
approximately 2 to 3 miles. However, since the difference between the data from the early
1900's and the more recent time periods exceed this 2 to 3 mile uncertainty, the conclusions
of this section remain unchanged regardless of the specific barge travel timing.

From 1908 through 1918, C&H was able to collect fresh water for a large portion of the year
within Suisun Bay, without having to travel all the way from Crockett to the Delta.
However, as can be seen in Figure 3-9, that would no longer be possible in many years (e.g.,
2001-2004).

Figure 3-10 shows the monthly distribution of distance traveled by C&H barges during water
years 1908 through 1917, and the equivalent distance from determined from observed daia
for water years 1966 through 1975 (top panel) and water years 1995 through 2004 (bottom
panel). ‘]‘he';e two latter periods have similar hydrologic characteristics to the period of the
C&H data.'® The monthly distribution for each dataset illustrates the seasonal fluctuations of
the salt field as well as the variability between years for each month

During the early 1900’s, the median distance traveled by C&H barges to procure fresh water
was less than 8 miles in the spring (March-June) and about 25 miles (between Collinsville
and Emmaton) in the fall (September-October). In contrast, due o water management
conditions from 1995 to 2005, the equivalent distances would be 13 to 23 miles in the spring
and up to 30 miles in the fall. It is worth noting that from 1966 to 1977, the distance to fresh
water in the fall and early winter months (September through January) was generally less
than the equivalent distance in the early 1900’s, indicating that large-scale water
management operations circa 1970 tended to reduce salinity in the fall and carly winter.
However, this trend has reversed in the more recent water management period (1995-2005),
with salinity intrusion significantly increased over levels in the early 1900’s during all
months.

Figure 3-10 also shows that the range of the average annual distance from Crockett to fresh
water from 1995 to 2005 was approximately 15 miles (from about 13 to 30 miles), while the
range during the carly 1900°s was approximately 20 miles (from 6 to 25 miles). This
analysis indicates that large-scale water management activities limit the fluctuating nature of
the salt field by preventing fresh water from reaching as far downstream as it did in the early
1900°s.

Finally, Figure 3-10 indicates that salinity intrusion in the Delta occurred later in the year
(beginning in July) in the carly 1900°s than under more recent time period conditions
(beginning in March).

This similarity in h i isti the periods was established by approximately matching
the distribution of annual Sact River flow during these periods (see Appendix E).
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Figure 3-10 — Monthly distribution of distance to fresh water from Crockett

February 12, 2010 Exhibit COWT-6 33



34

These comparisens (and other relevant comparisons in Appendix D) show that, on average,
C&H barges would have had to travel up to 19 miles farther to procure fresh water under
recent large-scale water management conditions than in the early 1900’s. These comparisons
also indicate that fresh water was present for significantly longer time periods, and over a
larger area of the western Delta, in the early 1900’s than during similar hydrological periods
under current water management conditions. Abrupt changes in salinity just prior to 1920
caused C&H to abandon the Sacramento and San Joaquin Rivers and switch to a water
supply contract with Marin County beginning in 1920 (Appendix D).

The distance to fresh water during individual wet years and during individual dry years is
presented in Appendix D. The data in Appendix D also show that salinity has been generally
higher in recent times than in the early 1900’s and that water management has restricted the
range in salinity experienced during a water year. The periods when fresh water is present at
given locations have been reduced, or, in some cases, eliminated.

Conclusions

The records of the distance traveled upstream from Crockett by C&H barges to procure fresh
water and estimates of this distance under large-scale water management conditions
(reservoir operations and water diversions) show that:

s Fresh water was present farther downstream and persisted for longer periods of time in
the western Delta in the early 1900°s than under recent time periods with similar
hydrologic conditions;

e Water management practices result in greater salinity intrusion in the western Delta for
most months of the year; and,

o Salinity intrusion begins earlier in the year, extends farther upstream, and persists for a
longer period each year.
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3.3.3. X2 Variability

An often-used indicator of fresh water availability and fish habitat conditions in the Delta is a
metric called X2. X2 is defined as the distance from the Golden Gate to the 2 part-per-
thousand isohaline (equivalent to a salinity of 2 grams of salt per kilogram of water),
measured near the channel bed along the axis of the San Francisco Estuary. Higher values of
X2 indicate greater salinity intrusion. Monthly values of X2 are estimated in this report
using the monthly regression equation from Kimmerer and Monismith (1992):

Monthly X2(1) = 122.2 + 0.3278*X2(1-1) — 17.65*logis(NDO(1))

The K-M equation expresses X2 (in units of kilometers) in terms of Net Delta Outflow
(NDO, see Section 3.2) during the current month and the X2 value from the previous month.
The monthly K-M equation was based on a statistical regression of X2 values (interpolated
from EC measurements at fixed locations) and estimates of NDO from IEP's DAYFLOW
computer program. Hence, the K-M equation is only valid for the existing Delta channel
configuration and existing sea level conditions.

The K-M equation can be used to transform unimpaired and historical NDO data into the
corresponding X2 values for unimpaired (without reservoir operations or water diversions)
and historical {with historical water management) conditions, respectively.

The seasonal and annual variations of X2 are dependent on the corresponding variations of
NDO under both historical and unimpaired flow conditions (Figure 3-11). X2 under
historical flow conditions is shifted landward relative 1o unimpaired conditions by
approximately 5 km. During the 1930’s, historical NDO was often negative, sometimes
averaging approximately -3,000 cfs for several months. This was due to relatively low runoff
and significant upstream water diversions. Unfortunately, the K-M equation, which includes
the logarithm (base 10) of NDO, is unable to account for negative values of NDO. [n the
case of historical flow conditions, this results in high variability of X2 in the 1930’s. The
values of X2 under historical low conditions during 1930°s in Figure 3-11 arc likely
underestimated.

Figure 3-12 compares X2 under unimpaired and historical conditions for the period from
1945-2003, following initiation of the Central Valley Project (i.e., after the completion of the
Shasta Reservoir of the CVP). Figure 3-12 shows that, compared to unimpaired conditions,
X2 under historical conditions was higher by about 10 km during April-July and by about 5
km during the rest of the year.

Salinity intrusion under historical water management conditions is, therefore, greater (higher
%2) than the intrusion that would occur under unimpaired conditions. Maoreover, the switch
from declining X2 values during fall and winter months to increasing X2 values (increasing
salinity intrusion) occurs in March under historical water management conditions and in June
under unimpaired conditions. Thus, recent water management practices have resulted in a
saltier Delta with earlier occurrence of salinity intrusion in the year.
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Although current water management practices operate to provide salinity control, both the
extent and duration of salinity intrusion are greater under current water management
practices than under historical conditions. Likewise, current water management practices
have changed the overall annual range in salinity (i.c., the difference between the highest and
lowest salinity values during the year).
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Figure 3-11 — Location of X2 under unimpaired and historical conditions
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Figure 3-12 — Monthly distribution of X2 from 1945 through 2003

Figure 3-13 presents a comparison of unimpaired X2 and historical X2 during the 10 driest
and the 10 wettest years of the CVP period (1945-2006)." During dry years (top panel), X2
is substantially greater under historical water management conditions than under unimpaired
conditions (i.e., without water management); these effects are less dramatic but still oceur
during the wet years (bottom panel). Additionally, the annual range in salinity variability is
significantly reduced under dry conditions (from approximately 22 km with unimpaired
flows to 14 km with historical flows), but not wet conditions. The result of water
management practices is a saltier Delta during both wet and dry years, with the greatest
amount of salinity intrusion and reduccd seasonal variability occurring in dry years.

Conclusions

The analysis of X2 (a measure of salinity intrusion in the Delta) shows that:

+ Water management practices (reservoir operations and water diversions) result in a
saltier Delta, with earlier salinity intrusion in the year.

» Water management practices result in a saltier Delta during both wet and dry years, but
the effect is more pronounced in the dry years when the seasonzl variability of salinity is
also significantly reduced.

!9 Determination of the ten wettest and driest years is based on the total annual unimpaired Net Delta Outflow. The
ten wettest years are 1952, 1956, 1958, 1969, 1974, 1982, 1983, 1986, 1995, and 1998. The ten driest years are
1947, 1976, 1977, 1987, 1988, 1990, 1991, 1992, 1994, and 2001
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Figure 3-13 — Monthly X2 variability during wet and dry years (1945-2003)
Deetermination of the ten wettest and driest vears is based on the toral ammual unimpaired Net Defra
Oniflow. The ten wettest years are 1952, 1956, 1958, 1969, 1974, 19582, 1983, 1986, 1995 and 1998
The ten driest vears are 1947, 1976, 1977, 1987, 1988, 1990, 199], [992, 1994, and 2001,
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3.3.4. Salinity at Collinsville

Collinsville, near the confluence of the Sacramento and San Joaquin Rivers, was one of the
first long-term pling locations impl 1 by the State of California. The Suisun Marsh
Branch™ of the DWR estimated monthly average salinity at Collinsville for the period 1920-
2002, using a combination of 4-day TDS (total dissolved solids) grab samples from 1920-
1971 and EC measurements from 1966-2002. Data from the overlap period of 5 years
between the TDS grab samples and EC measurements were used in a statistical regression
model, and the monthly averaged 4-day TDS samples were converted to monthly average EC
(Enright, 2004). The result of this regression analysis was a time series of monthly EC

ille for the period of 1920-2002.
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Figure 3-14 — Observed salinity at Collinsville
Monthly average salinity at Collinsville fhiack dots and black line), with the 12-month running
average {red line) and S-year running average (blue ling).

Figure 3-14 shows the monthly average salinity at Collinsville for the period of 1920-2002,
and Figure 3-15 shows the long-term trends in monthly salinity at Collinsville. Although the
maximum values of salinity in the 1920’s and 1930’s far exceed subsequent salinity
measurements at Collinsville, during the winters and springs of the 1920°s and 1930°s, the
water at Collinsville freshened considerably. During the dry periods of 1920°s and 1930°s,
monthly average salinity was below 350 uS/ecm EC (approximately 50 mg/L chloride) for at
least one month in every year. The one exception is 1924 which is inconclusive because no
data were available from November through March. Monthly average EC data are missing
for a portion of the winters and springs prior to 1926, and data for 1943 are missing entirely.

2 Data provided by Chris Enright (DWR), personal communication, 2007,
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Figure 3-15 — Year-to-year trends in monthly-average salinity at Collinsville, 1920-2002
Monthly average salinity at Collinsville (black dos), with the 1 2emonth running average fred line) and
Sovear runming average (hive line) for individual months.

Relatively fresh winters and springs during the 1920’s are consistent with observations by
C&H during that time period. However, monthly EC at Collinsville during the recent
droughts (1976-1977 and 1987-1993) was always greater than 350 pS/em EC, except for one
month in both 1989 and 1992. These monthly observations of EC at Collinsville indicate that
during the recent dry periods (1976-1977 and 1987-1993), EC at Collinsville was higher than
that during similar dry periods in the 1920°s and 1930°s

Enright and Culberson (2009) analyzed the trend in salinity variability at Collinsville from
1920-2006. They found increasing salinity variability in eleven of twelve months and
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attributed it to water operations. In seven months (January-May, September-October) the
increasing trend was significant (p<0.05).

Ewven in the six-year drought from 1928 to 1934, the Delta still freshened every winter
(Figure 3-16). However, as shown in Figure 3-16, the Delta has not freshened during more
recent droughts (1976-1977, 1987-1994, and 2007-2009). This indicates that the historical
“flushing” of the Delta with fresh water is no longer oceurring. This lack of flushing can also
allow waste from urban and agricultural developments upstream of and within the Delta to
accumulate. Contaminants and toxics have been identified as factors in the decline of the
Delta ecosystem (Baxter er al. 2007). The data indicate the effect of managing to the X2
standard (implemented in 1995), as the salinity levels attained in the most recent drought are
not as high as the 1976-77 and 1987-1992 droughts.
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Figure 3-16 — Average Winter salinity at Collinsville
Anred average salinity during the winter (January throwgh March) for water years 1927 to 2009,
Bars are colored by water year type as defined by the Sacramenta 40-30-30 index. Grey shading
indicates multi-year droughis that include ar least one critical water year.
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Figure 3-17 — Average Fall salinity at Collinsville
Annual average salinity during the fafl months (October through December) for water vears 1920 o
2009. Bars are colored by water year rype as defined by the Sacramento 40-30-30 index. Grey
shading indicates multi-vear droughts that include at least one critical water year.
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Figure 3-17 presents the variation in average fall salinity at Collinsville from 1920 to 2008
(October-December). Fall salinity is now high almost every year, while in the past, fall
salinity was only high in dry and critical years. High salinity in the fall has been identified as
a factor in the decline of the Delta ecosystem. Baxter er al. (2008) noted that “fall salinity
has been relatively high during the POD years, with X2 positioned further [sic] upstream,
despite moderate to high outflow conditions during the previous winter and spring of most
years.”

Conclusions

e Inthe 1920’s and 1930"s, the Delta freshened annually, even during droughts. In recent
droughts, the Delta does not always freshen during the winter.

e Prior to 1976, fall salinity was high only in relatively dry years. Recently, fall salinity is
high almost every year.

3.3.5. Salinity at Mallard Slough

A 1967 agreement between the Contra Costa Water District (CCWD) and the State of
California requires the State to reimburse CCWD for the decrease in availability of usable
river water, defined as water with less than 100 mg/L chlorides, at the Mallard Slough intake
(CCWDD, 1967). The 1967 agreement, and similar agreements between the State and other
Delta water users, recognized the State Water Project (SWP) would increase salinity at
Mallard Slough. The agreement defined a baseline of 142 days of usable water per year,
based on the average number of days of usable water at the Mallard Slough intake from
1926-1967. Since 1967, the average number of days of usable water®! (for the period 1967-
2005) has declined to 122, indicating a 20-day (14%) reduction in the number of days of high
quality water at Mallard Slough since the completion of the SWP.

! The data are from the USBR-CVO record of EC at Pittsburg, approximately 2 km upstream of Mallard Slough

42

from 1967-2005. Since this station is located upstream of Mallard Slough, the number of days of usable water at
Mallard Slough since the SWP was built may be overestimated.
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4. Qualitative Observations of Historical Freshwater Flow
and Salinity Conditions

In this section, qualitative observations of salinity conditions in the western Delta and Suisun
Bay from the lawsuit filed by the Town of Antioch in 1920 and from various literawre
reports are discussed to provide a perspective of the salinity conditions prevailing in the late
1800’s and early 1900"s. Qualitative observations from early explorers and seitlers are
discussed in Appendix E.

4.1. Town of Antioch Injunction on Upstream Diverters

In 1920, the Town of Antioch filed a lawsuit (hereinafter referred to as the “Antioch Case™)
against upstream irrigation districts, alleging that upstrcam water diversions were causing
increased salinity intrusion at Antioch. An overview of the Antioch Case is provided in
Appendix E. The court decision, legal briefings, and petitions provide qualitative salinity
observations from a number of witnesses. Although testimony in the Antioch Case is
generally anecdotal, not quantitative, it provides a perspective of the salinity conditions
prevailing in the early 1900°s. Because the proceedings were adversanal in nature, this
report focuses on the testimony of the upstream interests, who were trying to demonstrate
that salinity intrusion was common near Antioch prior to their diverting water (prior to
1920). Consequently, the testimony may be biased in support of this “more saline™
argument.

The upstream interests in the Antioch Case provided information on the operation of’
pumping plants along the San Joaquin River at Antioch for domestic water supply and the
quality of water obtained from the pumping plants, summarized in Table 4-1.

Table 4-1 — Testimony regarding pumping plant operations and water quality in the 1920
Antioch Case

| Time P'"ic.'d | Relevant information from the testimony
| of observation
[1866-1878 | Mr. Dadge ran a pumping/delivery operation at Antioch

| = Dodge pumped water into a small earthen reservoir at Antioch
and then hauled the water to residents in a wagon.
| =  Cary Howard testified that while he was living in Antioch
{1867-1876), the water became brackish one or two years in the
| fall, when they had to drive into the country to get water. This
__likely occurred during the drought of 1870-71.
1878-1880 Mr. Dahnken bought and operated the Dodge operation
= Dahnken testified that the water became brackish at high tide
I every year in the late summer, and remained brackish at high
tide until it rained “in the mountains.”
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Timie pem.'d Relevant information from the testimony
of observation i
1880-1903 Belshaw Company provided water
= Dahnken testified that Belshaw Company pumped only at low
tide.
1903-1920 | Municipal Plant
= William E. Meek (resident since 1910) testified the water is
brackish at high tide every year, for some months in the year.

= James P. Taylor testified that for at least the last 5 years,
insufficient storage required the plant to pump nearly 24 hours
| per day, regardless of tidal phase.
= Dr. ] W. DeWitt testified that during October of most years
| between 1897 and 1918, the water was too brackish to drink.
Even when the city only pumped at low tide, the water was
| occasionally so brackish that it would be harmful to irrigate the

lawns.

This testimony suggests that, in the late 1800°s, water at Antioch was known (o be brackish
at high tide during certain time periods, but Antioch was apparently able to pump fresh water
at low tide year-round. A possible exception was the fall season during a few dry years.
Water at Antioch was apparently fresh at low tide until at least around 1915, At that time,
due to increased demand and inadequate storage, the pumping plants started pumping
continuously, regardless of tidal stage. The window of time each year when Antioch is able
to purnp fresh water from the river has been substantially reduced in the last 125 years.

As shown in Appendix A, DWR (1960) estimated that water with a chloride concentration of
350 mg/L or less would be available about 85% of the time if’ there were no water
management effects. DWR (1960) estimated that chloride concentrations at Antioch would
be less than 350 mg/L about 80% of the time in 1900 and about 60% of the time by 1940,
DWR also projected further deterioration of water quality by 1960 and beyond but did not
include the effects of reservoir releases for salinity control.

Observations of salinity at Antioch during recent years indicate that salinity is strongly
dependent on ocean tides, and the diurnal range in salinity can be as much as the seasonal
and annual ranges in salinity. This is discussed in more detail in Appendices D and E. For
instance, salinity at high tide can be more than five times the salinity at low tide (Figures D-
1, D-2, and D-3), and the salinity during the course of a single day may vary up to 6,000
uS/em EC (Figure D-1). Average daily salinity at low tide during the period of 1983-2002
exceeded 1,000 pS/em™ EC for about four and a half months of the year (Figure D-3).
During the driest 5 years between 1983 and 2002, salinity at low tide was always greater than
1,000 uS/cm EC (i.e., no fresh water was available at any time of day) for about eight months
of the year. Fresh water is currently available at Antioch far less frequently than prior to the
1920°s.

** The current water quality eriterion for municipal and industrial use is 250 mg/L, equivalent to about 1,000 pS/cm
EC.
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Available data and observations indicate that, prior to about 1918, fresh water was available
at least at low tide during almost the entire year, in all but a few dry years. Around 1918, an
abrupt change to higher salinity occurred. Although a prolonged and severe drought also
began about this time, salinity conditions at Antioch did not return to pre-drought levels
when the drought ended, indicating that water management activities (increased upstream
diversions and later storage of water in upstream reservoirs) were the primary causes of this
increased salinity.

4.2. Reports on Historical Freshwater Extent

Several literature reports discuss the spatial extent and duration of salinity conditions in the
western Delta and Suisun Bay during the late 1800's and early 1900’s. Salinity conditions at
several key Delta locations are summarized below.

Location: Western Delta
Source(s): DPW (1931)

Quotation: “The dry vears of 1917 to 1219, combined with increased upsiream
irrigation diversions, especially for rice culture in the Sacramento Valley,
had already given vise to invasions of salinity into the upper bay and
lower delta channels of greater extent and magnitude than had ever been
known before”” (DPW, 1931, pg. 22)

Cuotation: “It is particularly important to note that the period 1917-1929 has been
one of unuswal dryness and subnormal stream flow and that this condition
has been a most important contributing factor to the abnarmal extent of
saline invasion which has occurred during this same time.” (DPW, 1931,
pe. 66}

Summary: Salinity intrusion into the Delta during the period 1917-1929 was much
larger than experienced prior to that time.

Location: Pittsburg, CA
Source(s): Tolman and Poland (1935) and DPW (1931)
Quotation: “From 1880 to 1920, Pitisburg (formerly Black Diamond) obtained ail or
mast of its domestic and miumicipal water supply from New York Slough
offshore.” (DPW, 1931, pg. 60)
Quotation: “There was an inexhaustible supply of river water available in the New
York Slough [near Pittsburg at the confluence of the Sacramento and San
Joaquin Rivers]. but in the summer of 1924 this river water showed a
startling rise in salinity to 1,400 ppm of chiorine, the first time in many
vears that it had grown very brackish during the dry summer months.”
(Tolman and Peland, 1935, pg. 27)

Summary: Prior to the 1920’s, the water near the City of Pittsburg was sufficiently
fresh for the City to obtain all or most of its fresh water directly from the
river.

Location: Antioch, CA
Source(s): DPW (1931
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Quotation: “From early days, Antioch has obtained all or most of its domestic and
municipal water supply from the San Ji River i diately offshore
Jfrom the citv. This supply also has always been affected 1o some extent by
saline invasion with the water becoming brackish during certain periods
in the late summer and early fall months. However, conditions were fairly
satisfactory in this respect until 1917, when the increased degree and
duration of saline invasion began to result in the water becoming foo
brackish for domestic use during considerable periods in the summer and
Jfall” (DPW, 1931, pg. 60)

Summary: Until 1917, the City of Antioch obtained all or most of its freshwater
supplies directly from the San Joaquin River. Salinity intrusion has
prevented domestic use of water at the Antioch intake in summer and fall

after 1917,
Location: Benicia, CA (Suisun Bay)
Source(s): Dillon (1980) and Cowell (1963)
Quotation: “In 1889, an artificial lake was constructed. This reservoir, filled with

Jresh water from Suisun Bay during the spring runoff of the Sterra snow
melt water ... (Dillon, 1980, pg. 131)

Quotation:  “...in 1889, construction began on an artificial lake for the [Benicia]
arsenal which would serve throughout its remaining history as a
reservoir, being filled with fresh water pumped from Suisun Bay during
spring runoffs of the Sacramento and San Joaguin Rivers which emptied
into the bay a short distance north aof the installation.” (Cowell, 1963, pg.
3n

Summary: In the late 19" Century, fresh water was available in the Suisun Bay and
Carquinez Straits for use by the City of Benicia.

The reported presence of relatively fresh water in the western Delta and the Suisun Bay
during the late 1800°s and carly 1900's is consistent with the relatively fresh conditions
observed in the paleoclimate records for this time period (Section 2.3) and the relatively wet
conditions observed in the Sacramento River runoff and precipitation records (Section 3.1).

Additional observations between 1775 and 1841 are included in Appendix E. These
qualitative observations indicated the presence of “sweer” water near the confluence of the
Sacramento and San Joaquin Rivers in the vicinity of Collinsville in August 1775 (a period
of average or above-average Sacramento River flow), and September 1776 (a period of
below-average Sacramento River flow). The presence of “very clear, fresh, sweet. and
good" water was reported in April 1776 (a dry year). Historical observations from 1796 and
August 1841 (dry periods) indicated salinity “far upstream” at high tide and the presence of
brackish (undrinkable) water in Threemile Slough. Current salinity controls and regulations
put brackish water (averaged over 14 days) near Jersey Point and Emmaton, each about 2.5
miles below Threemile Slough, on a regular basis annually.
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5. Conclusions

I. Measurements of ancient plant pollen, carbon isotope and tree ring data show that the
Delta was predominately a freshwater marsh for the past 2,500 years, and that the Delta
has become far more saline in the past 100 years because of human activity. Salinity
intrusion during the last 100 years is comparable to the highest levels over the past 2,500
years.

2. Human activities during the last 150 years, including channelization of the Delta,
elimination of tidal marsh, construction of deep water ship channels, and diversions of
water, have resulted in increased salinity levels in the Delta. Today, salinity typically
intrudes 3 to 15 miles farther into the Delta than it did in the early 20th Century,

3. Before the substantial increase in freshwater diversions in the 1940°s, the Delta and
Suisun Bay would freshen every winter, even during the extreme drought of the 1930°s.
However, that pattern has changed. During the most recent droughts (1976-1977, 1987-
1994, and 2007-2009), the Delta did not always freshen in winter. Without seasonal
freshening, contaminants and toxics can accumulate in the system and young aquatic
species do not experience the same fresh conditions in the spring that occurred naturally.

4. While half of the past 25 vears have been relatively wet, the fall salinity levels in 21 of
those 25 years have resembled dry-year conditions. In terms of salinity, the Delta is now
in a state of drought almost every fall because of human activity, including water
diversions.

5. Seasonal and inter-annual variation in salinity has also been changed; however, this
change is the result of reduced freshwater flows into the Delta. At any given location in
the western Delta and Suisun Bay, the percentage of the year when fresh water is present
has been greatly reduced or even eliminated.

6. The historical record and published studics show the Delta is far saltier now, cven after
the construction of reservoirs that have been used in part to meet State Water Resources
Control Board water qualily requirements in the Delta. Operation of reservoirs and water
diversions for salinity management somewhat ameliorates the increased salinity intrusion,
but the levels still exceed pre- 1900 salinities.
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Appendix A. Factors Influencing Salinity Intrusion

Salinity intrusion in the Delta is the result of the interaction between tidally-driven saline
water from the Pacific Ocean and fresh water from rivers flowing into the Delia. Regional
climate change (c.g., sea level rise and change in precipitation regime), physical changes to
the Central Valley landscape (e.g., creation of artificial channels and land usc changes), and
water management practices (e.g., reservoir storage, water diversions for agricultural and
municipal and industrial use) affect this interaction between the ocean tides and the
freshwater flow, in turn affecting salinity intrusion in the Delta (The Bay Institute (TBI),
1998, Department of Public Works (DPW), 1931, Nichols er al., 1986, Conomos, 1979, and
Knowles, 2000).

These factors are grouped into three categories (Table A-1) and discussed individually and
qualitatively to provide context for observed salinity variability, which is necessarily due to
the cumulative impact of all factors.

Table A-1 — Factors Affecting Salinity Intrusion into the Delta
Natural and artificial factors affect the salinity of the Delia. The factors are grouped into three
categaries: regional climate change, physical changes to the landscape, and water management
practices

Factors affecting salinity intrusion

and specific effect on Delta salinity

Regional Climate * Precipitation regime

Change o Long-term reduction of spring (April-July) snowmelt
runoff may increase salinity in the spring, summer, and
fall,

o A shift to more intense winter runoff may not decrease
salinity in the winter because outflows are typically
already high during winter storms.

Category

* (Qcean conditions
© Added periodic variability to precipitation (via
mechanisms such as the El Nifio/Southern Oscillation
(ENSO) or Pacific Decadal Oscillation (PDOY))

® Sea level rise
o Expected to increase salinity intrusion {(DWR, 2006).

Actual salinity response to rising sea level will depend
upon actions taken to protect against flooding or
overtopping (e.g., new tidal marsh vs. sea walls or
dykes).

Physical Changes to » Deepening, widening, and straightening of Delta channels

the Landscape o Generally increase salinity, but response will depend

upon location within the Delta (DWR., 2006)
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Category

Factors affecting salinity intrusion
and specific effect on Delta salinity

Separation of natral floodplains from valley rivers

o Confining peak flows to river channels would reduce
salinity during flood events.

o Preventing floodplains from draining back into the main
channel would increase salinity after floods (late spring
and summer).

+ Reclamation of Delta islands
o Varies (the effect on salinity depends on marsh
vegetation, depth, and location), but marshes generally
dampen tides, reducing salinity intrusion

.

Creation of canals and channel “cuts™
o Generally creates more efficient routes for tidal flows to
enter the Delta, thereby increasing salinity intrusion
relative to native conditions

Deposition and erosion of sediments in Suisun Bay
(Cappiclla ef al., 1999)

o Deposition of mining debris (occurred from 1860°s to
approximately 1887) reduced salinity in Suisun Bay and
the western and central Delta (Enright, 2004, Enright
and Culberson, 2009)

o Erosion (occurring since 1887) increascs salinity in
Suisun Bay and the western and central Delta (Enright,
2004, Enright and Culberson, 2009)

Water Management
Practices (reservoir
operations, water

diversions, and

exports from the

Delta)

Decreasing Net Delta Outflow (NDO) by increasing
upstream and in-Delta diversions as well as exports
o Increases salinity

« Increasing upstream storage capacity

o Generally increases salinity when reservoirs are filling.
Reservoir releases may decrease salinity if they increase
outflow. Historically, this occurred when flood control
or other releases were required in wetter years.
However, as this study shows, this has gencrally been
small and intermittent; salinity measurements indicate it
oceurred occasionally prior to 1985, and very seldom
since. Tncreased early winter diversion of runoff to
storage will maintain or increase high salinities in the
winter.
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Al Climatic Variability

Changes in precipitation regimes and sea levels, brought about by a changing climate, can
afTect the spatial and temporal salinity conditions in the Delta. Long-term variations in river
runofT, precipitation and sea level are discussed below,

A.1.1. Regional Precipitation and Runoff

Precipitation in the Bay-Delta watershed sets the amounr of water available within the system
which could ultimately reach the Bay and affect salinity conditions. However, since
precipitation falls as both rain and snow, runoff to river channels is spread over more months
than the precipitation events themselves; any mnoff from rain generally reaches the river
channels within days of the precipitation event, but runoft resulting from snow 1s delayed
until the spring snowmelt. For this reason, estimates of unimpaired flow (runoff). rather than
precipitation, are generally used to characterize hydrological variability. Unimpaired runoff
represents the natural water production of a river basin, unaltered by water diversions,
reservoir storage and operation, and export of water ta or import of water from other basins.

Knowles (2000) determined that variability in freshwater flows accounts for the majority of
the Bay's salinity variability. The spatial distribution, seasonal timing, annual magnitude,
decadal variahility, and long-term trends of unimpaired flow all affect the hydrology and
salinity transport in the Delta. Total annual unimpaired flow in the Sacramento and San
Joagquin basins from 1872 through 2009 is presented in Section 3.1, with the seasonal
distribution provided for 1921 through 2003.

The total annual unimpaired flow of the upper Sacramento Basin for water ycars 1906
through 2006 exhibits substantial year-to-year variability with a strong decadal oscillation in
the 5-year running average (see Figure 3-1). On average, over the last 100 years, the total
annual unimpaired Sacramento River flow is increasing by about 0.06% or 11 thousand-acre
feet (TAF) each year, However, increased total annual unimpaired flow does not necessarily
reduce salinity intrusion. Knowles (2000) illustrated that the seasonal timing of runoff can
significantly alter salinity intrusion without any change to the total annual runoff.

Typically, most precipitation in California oceurs during winter in the form of snow in the
Sierra Nevada. The subsequent melting of this snow, beginning in the spring, feeds the rivers
that flow into the Delta. The four months from April through July approximately span the
spring scason and represent the period of runoff due to snow melt. The long-term trend in
spring (April-July) runoff decreased by approximately 1.3 MAF from 1906 to 2006 (Figure
A-1). This effect is believed to be caused by climate change; as temperalures warm, more
precipitation falls as rain instead of snow, and what snowpack that does accumulate tends to
melt earlier in the year. This leads to higher runoff during winter months, but lower runoff in
spring or summer, resulting in the potential for greater salinity intrusion. These observed
changes in the magnitude and timing of spring runoff of the Sacramento River watershed are
consistent with similar changes in spring runoff observed across river watcrsheds of the
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A4

Unimpaired Sacramento Basin Runoff |[MAF]

western United States (e.g., Dettinger, 2005; Mote er al., 2005; Stewart et al., 2005). Note
that, from 1920 to 2006, the long-term trend in spring runoff actually increased slightly
(approximately 0.5 MAF).
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Figure A-1 - Unimpaired runoff from t!le Sﬂcrnmcu(o River basins from April to July
Data source: hp:#icdec warer ca.govic WSIHIST,

Precipitation and runoff are influenced by regional events such as the Little Ice Age (about
1300 to 1850 CE) and the Medieval Warm Period (about 800 to about 1300 CE). During the
Little Ice Age, the winter snowline in the Sierra was generally at a lower elevation, and
spring and summer nighttime temperatures were significantly lower. This temperature
pattern would allow the snowmelt to last further into the summer, providing a more uniform
seasonal distribution of runofT such that significantly less salinity intrusion than occurs today
would be expected. This expectation is borne out by paleosalinity studies (see Section 2.3).

At shorter time scales, oceanie conditions such as the Pacific Decadal Oscillation (PDO) and
El Nifio/Southern Oscillation (ENSO) also impact precipitation and runoff patterns, Runoff
in the upper watershed is the primary factor that determines freshwater outflow from the
Delta. Anthropogenic flow management (upstream diversions, reservoir operations, in-Delta
diversions, and south-of-Delta exports) alters the amount and timing of flow from the upper
watershed (see Section 2.3). Changes to the physical landscape further alter the amount and
timing of flow (see Section 2.2).
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A.1.2. Sealevel Rise

Sea level fluctuations resulting from the repeated glacial advance and retreat during the
Pleistocene epoch (extending from 2 million years ago to 13,000 years ago) resulted in
deposition of alternating layers of marine and alluvial sediments in the Delta (TBL, 1998). A
warming trend starting about 15,000 years ago ended the last glacial advance and triggered
rapid sea-level rise. At the end of this period (known as the “Holocene Transgression™)
approximately 6,000 years ago, sca level had risen sufficiently to inundate the Delia at high
tide (Atwater ef al., 1979),

Sea level is estimated to have risen at an average rate of about 5 em/century during the past
6,000 years and at an average rale of 1-2 cm/century during the past 3,000 years (Cayan et
al., 2008). Observations of sea level at the Golden Gate in San Francisco reveal that the
mean sea level has risen at an average rate of 2.2 cm/decade (or 0.22 mm/yr) over the past
100 years (Cayan et al., 2008). Future increases in sea level are expected to increase salinity
intrusion into the Delta (DWR, 2006); actual salinity response to rising sea level will depend
upon actions taken to protect against flooding or levee overtopping (e.g. new tidal marsh
would generally reduce salinity intrusion, while construction of sea walls or dykes may
further increase salinity).

A.2. Physical Changes to the Delta and Central Valley

Creation of artificial channels, reclamation of marshlands, land use changes and other
physical changes to the landscape of the Delta and Central Valley have significantly altered
water movement through the Delta and the intrusion of salinity into the Delta. Major
physical changes to the Delta and Central Valley landscape have occurred over the last 150
years. As many of these physical changes were made prior to flow and salinity monitoring
(which began in the 1920's), only a qualitative discussion is presented below.

A.2.1. Deepening, Widening, and Straightening Channels
(early 1900’s-present)

The lower Sacramento River was widened to 3,500 feet and straightened (creating Decker
Tsland) around 1910 (Lund et al, 2007). Progressive deepening of shipping channels began
in the early 1900"s. Original channel depths were less than 10 feet; channels were gradually
dredged to depths exceeding 30 feet, and mai ¢ dredging conti today.

These changes to the river channels have increased salinity intrusion. Deepening the river
channels increases the propagation speed of tidal waves, leading to increased salinity
intrusion. Similarly, straightening the river channels provides a shorter path for the passage
of the tidal waves and increases salinity intrusion. Widening of the river channels increases
the tidal prism (the volume of water in the channels), resulting in further salinity intrusion.
Larger cross-sections reduce velocities, lowering friction losses and maintaining more tidal
energy. which is the driving force for dispersing salinity into the Delta,
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A.2.2. Reclamation of Marshland (1850-1920)

In the Central Valley

The original natural floodplains captured large winter flows, gradually releasing the water
back into the river channels throughout the spring and summer, resulting in a more uniform
flow into the Delta (reduced peak flow and increased low flow) compared 1o current
conditions. The increased surface area of water stored in these natural floodplains increased
total evaporation and groundwater recharge, reducing total annual inflow into the Delta.

Even with less Delta inflow, the difference in the seasonal flow pattern may have limited
salinity intrusion. The drainage of floodplains back into rivers during the spring and
groundwater seepage back to the rivers in the summer and fall provided a delayed mcrease in
river flows during the low flow period. Raising and strengthening natural levees in the
Central Valley effectively disconnected the rivers from their floodplains, removing this
natural water storage, increasing the peak flood flows and reducing the low flows. The net
effect of these changes in the Central Valley was to reduce salinity during floods, when
salinity is typically already low, and increase salinity during the following summers and falls,
which is likely to have led to increased maximum annual salinity intrusion.

In the Delta

Reclamation of Delta marshland began around 1850, By 1920, almost all land within the
legal Delta' had been diked and drained for agricultare (DPW, 1931). Before the levees were
armored and the marshes were drained, the channels would have been shallower and longer
(maore sinuous), which would have slowed propagation of the tides into the Delta, reduced
tidal energy and reduced salinity intrusion.

The natural marsh surface would have increased the tidal prism. However, the shallow
marsh depth and native vegetation would have slowed the tidal wave progression. The
combined effect on salinity intrusion depends on the location and depth of the marsh, the
nalive vegetation distribution, and the dendritic channels that were removed from the tidally
active system.

Figure A-2 shows the weslern, central, and southern portions of the Delta in 1869. For
comparison, Figure A-3 shows the same area in 1992, with man-made channels highlighted
gzrey.

A.2.3. Mining debris

Hydraulic mining in the Sierra Nevada began in the 1860's and produced large quantitics of
debris which traveled down the Sacramento River, through the Delta and into the Bay.
Mining debris may have contributed to the extensive flooding reported in 1878 and 1881,
Cappiella er al. (1999) estimate that, from 1867 to 1887, approximately 115 million cubic
meters (Mm3) of sediment were deposited in Suisun Bay. This deposition was due to the
inflow of hydraulic mining debris.

' The legal Delta is defined in California Water Code Section 12220,

y 2
Al Exhibit COWD-6 Femancy 12,2010



No comments
-n/a-

(

e

e

ek

RIE

T oEE

Figure A-2 - Map of the Delta in 1869 '
Channels of the western, central, and southern Delta in 1869, prior to extensive reclamation efforts
(Gilsbes, 1869)
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Figure A-3 — Map of the Delta in 1992

Channels of the western, central. and southern Delta from the Delia Atlas (DWR. 1992) Constructed
walerways (highlighted in grev) generally create more efficient routes for tidal flows to enter the
Delra, theveby increasing salinity intrusion relutive tv the native tidul morshes.
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Cessation of hydraulic mining around 1884 resulted in erosion of Suisun Bay, which
continues to erode even today. From 1887 to 1990, approximately 262 Mm3 of sediment
were ¢croded from Suisun Bay. The net change in volume of sediment during 1867-1887 was
68 Mm3 (net deposition) and during 1887-1990 was -175 Mm3 (net erosion). As a result of
these changes, the tidal flat of Suisun Bay increased from about 41 km® in 1867 to 52 km” in
1887, but decreased to 12 km” by 1990 (due to erosion subsequent to the cessalion of
hydraulic mining). Cappiella ez al. (1999) attributed the change in the Suisun Bay area from
being a largely depositional environment to an erosional environment not only to the
hydraulic mining practices of the late 1800"s but also to increased upstream water
management practices. The Suisun Marsh Branch of the DWR estimated that erosion of
Suisun Bay (modeled as a uniform change in depth of 0.75 meters) has increased salinity in
Suisun Bay and the western Delta by as much as 20% (Enright, 2004; Enright and Culberson,
2009).

A.3. Water Management Practices

Extensive local, state, and federal projects have been built to move water around the state,
altering the natural flow patterns throughout the Delta and in upstream watersheds, For
clarity in the discussion that follows, definitions and discussions of actual flow and salinity,
unimpaired flow and salinity, and natural flow and salinity, are given below.

Historical (actual) flow and salinity

Historical (or actual) flow and salinity refer to the flow and electrical conductivity, total
dissolved solids concentration, or chloride concentration that occurred in the estuary.
Historical conditions have been observed, measured, or estimated at various times and
locations; they are now measured at monitoring stations throughout the cstuary.
Historical data are also used to estimate flow and water quality conditions at other
locations with the following tools: the DAYFLOW program from IEP, the DSM2 model
from the California Department of Water Resources, the X2 equation (Kimmerer and
Maonismith, 1992) and Contra Costa Water District’s salinity outflow model (also referred
to as the G-model) (Denton, 1993; Denton and Sullivan, 1993). The use of these tools to
estimate flow and water quality is necessarily dependent upon the Delta configuration to
which they were calibrated. Use of these tools in hypothetical configurations (such as
pre-levee conditions, flooding of islands, etc) is subject to un-quantified error.

Unimpaired flow and salinity

Unimpaired flows are hypothetical flows that would have occurred in the absence of
upstream diversions and storage, but with the existing Delta and tributary configuration.
Unimpaired flows are estimated by the California Department of Water Resources
(DWR) for the 24 basins of the Central Valley; the Delta is one of the 24 basins.
Additionally, DWR estimates unimpaired in-Delta use and unimpaired net Delta outflow
(NDO). Unimpaired NDO estimates can be used to estimate unimpaired water quality
using a salinity-outflow relationship such as the X2 or G-madel tools discussed above.

£ %2 is defined as the distance from the Golden Gate to the 2 part-per-th 1 isohaline (equivalent to a salinity of
2 grams of salt per kilogram of water), measured along the axis of the San Francisco Estwary. X2 is often used as an
indicator of freshwater availability and fish habitat conditions in the Delia (Jassby eral, 1995, Monismith, 1998).
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Since unimpaired flows assume the existing Delta configuration, the use of these wols
should not violate their basic assumptions. However, the results should be taken in
context. Water quality based on unimpaired flows compared to water quality based on
historical (actual) flows shows how water management activities affect water quality.
Water quality based on unimpaired flows cannot be considered natural.

MNatural Mow and salinity

Matural flow and salinity reflect pre-European settlement conditions, with a virgin
landscape in both the Central Valley and the Delta, native vegetation, and no diversions
or constructed storage. As discussed above, the natural landscape included natural
storage on the floodplains and extensive Delta marsh. Estimation of natural flow requires
assumptions regarding the pre-European landscape and vegetation throughout the Central
Valley. Estimation of natural salinity requires development of new models to account for
pre-European Delta geometry, incorporating the estimates of natural flow. These
assumptions induce an unknown level of error. For this reason, no attempt is made in this
report to calculate natural flow or the resulting salinity. Instead, paleosalinity studies are
examined to provide evidence of salinity in the pre-European era.

Water management practices have continually evolved since the mid-1850"s. As discussed
in Section 1.1, anthropogenic modification include diversion of water upstream and within
the Delta, construction of reservoirs, and system operations to meet regulatory requirements.

The irrigated acreage in the Central Valley has been steadily increasing since 1880 (Figure 1-
3), increasing the upstream diversions of water, There were two periods of rapid growth in
irrigated acreage: from 1880 to 1920 and from 1940 to 1980. In-Delta diversions (Figure 1-
3) began in 1869 with reclamation of Sherman Island, from 1869 to 1930, in-Delta diversions
are assumed to have grown in proportion to the area of reclaimed marshland (from Atwater er
al., 1979).

Upstream diversions first became an issue with respeet to Delta salinity around 1916 with the
rapid growth of the rice cultivation industry (Antioch Case, Town of Antioch v. Williams
Irrigation District, 1922, 188 Cal. 451; sce Appendix E.2). These carly “pre-project”
diversions for irrigation had particularly large impacts because of the scasonality of water
availability and water use. Diversions for agriculture typically start in the spring and
continue through the early fall (when river flow is already low). These carly irrigation
practices, combined with the decrease in spring and summer flow due to the separation of
rivers [rom their natural floodplains, resulted in a significant reduction of the spring and
summer river flow, leading to increased salinity intrusion.

Figure A-4 shows the Department of Water Resources’ estimates of the effects of upstream
diversions and south-of-Delta exports on the salinity in the San Joaquin River at Antioch
(DWR, 1960). DWR's 1960 report indicated that water with less than 350 mg/L chlorides
would be present at Antioch approximately 88% of the time on average “naturally,” and that
availability decreased to approximately 62% by 1940 due to upstream diversions. This
illustrates that upstream depletions had a significant effcct on salinity at Antioch during
1900-1940, prior to the construction of large upstream reservoirs. (For reference, Shasta
Dram was completed in 1945.)
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Figure A-4 - Salinity on the San Joaquin River at Antioch (DWR, 1960)
The Department of Water Resaurces examined the effects of upstream depletions and south-of-Delta
exports on salinity in the San Joaguin River at Antioch, estimating the percent of time water that a
certain quality of water (with less than 350 mg/l. chlorides; or less than 1,000 mg/L chlorides) would
be avarlable in the river without reservair refeases to provide salinity control. The estimates for 1960,
1980, 2000, and 2020 assume the veservoirs do not make refeases for salinity control and therefore
nndevestimate the actwal quality of water during these years.

Figure A-4 also shows estimates of the availability of water in 1960, 1980, 2000, and 2020,
without reservoir releases to provide salinity control, demonstrating that upstream depletions
and in-Delta exports would have continued to degrade water quality at Antioch.
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Exports from the south Delta started in 1951 with the completion of the federal Central
Valley Project pumping facility near Traey. California. Exports from the State Water Project
Banks Pumping Plant, just to the west of the federal facility, began in 1967. As shown in
Figure 1-3, south-of-Delta exports increased rapidly from 1951 through the mid-1970s, and
since then the combined exports have averaged more than 4 million acre-feet per year.

Construction of upstream reservoirs also altered natural patterns of flow into the Delta.
Figure A-5 and Figure A-6 show the extent and rapid rise of constructed reservoirs in the
upstream watersheds of the Delta (DWR, 1993). The location, year of completion and
approximate storage capacities (in acre-feet, AF) are shown in Figure A-5. Figure A-6 shows
the temporal development of reservoir capacity. Reservoir construction began in 1850, The
major reservoirs of the Central Valley Project (CVP) and State Water Project (SWP) are the
Shasta (4.5 MAF capacity) and Oroville (3.5 MAF) reservoirs, respectively. These reservoirs
capture the flow in the wet season (reducing the flow into the Delta in the wet season) and
release water for irrigation and diversions.

California Reservoirs

CLEAR LAKE
TRINK
SHASTA 2 alils ) .
WHISKEYTOWH e % ke Avanor Reservoir Capacity [AF]

OROVILLE 0 - 5,000

NEW BULLARDS BAR -+ 5,000 - 10,000
FOLSOM - 10,000 - 50,000
INCHAN VALLEY L GAMANGER. 50,000 - 100,000

100,000 - 250,000
250,000 - 500,000

»
CLEAR LAKE IMP -
@ 500,000 - 4,000,000

CI-g.:FWVAE.LE\Ygs

HAUGHNESSY

DON PEDRO Year Completed
NEW EXCHEQUER #1981 - prasant
FRIANT @ 1976 - 1950

® 1965 - 1975

® 1951 - 1965
#1941 - 1950

@ 1921 - 1840
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! Legal Delta
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e ——
Figure A-5 — Storage reservoirs in California

Location of storage reservoirs within California. Reservoir capacity is indicated by the size of the
cirele, while the yvear construction was completed is indicated by color
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Timeline of veserveir development in Caltfornin. Individual reservoir capacity is indicated by the biue

cireles fleft avis), while the cnmulative capacity is indicated with the red line (right axis).

Water management practices have been altered by regulations that require maintenance of
specified flow and salinity conditions at locations in the Bay-Delta region during certain
periods of the year. The 1978 Water Quality Control Plan and State Water Resources
Control Board (SWRCB) Decision 1485 established water quality standards to manage
salinity to protect Delta agriculture and municipal and industrial (M&1) uses. The listing of
delta smelt as a threatened species under the Endangered Species Act in 1993, followed by
the Bay-Delta Accord in 1994 and the adoption of a new water quality control plan by the
State Water Resources Control Board in 1995 changed the amountand timing of reservoir
releases and south-of-Delta exports. California’s Rice Straw Burning Act was enacted in
1992 to reduce air pollution by phasing out the burning of rice field stubble; by 1999,
Sacramento Basin rice farmers were diverting additional water to flood harvested fields 1o
decompose the stubble.

Changes in water diversions and reservoir operations have altered the magnitude and timing
of river flows to the Delta, and anthropogenic modifications to the Delta landscape have
altered the interaction of fresh water from the rivers with salt water from the ocean, thus
changing patterns of salinity intrusion into the Delta.

February 12, 2010

Exhibil CCWD-6

w
Cummulative Capacity [MAF]

Isabella Comanche |

o K

New Hogan g~} Indian Valley - :
sl i ;] ol o

No comments
-n/a-



A-l4

Exhibit CCWD-6

February 12, 2010

No comments
-n/a-



No comments
-n/a-

Appendix B. Paleoclimatic Records of
Hydrology and Salinity

This section presents paleoclimate records of hydrology (precipitation and unimpaired
runoff) and salinity in the Bay-Delta region, in addition to these presented in Section 2 of the
main report.

B.1. Methods of Paleoclimatic Reconstruction

The field of paleoclimatology aims to deduce climatological information from natural
“archives” in order to reconstruct past global climate. These archives are created by such
Earth processes as the formation of ice sheets, sediments, rocks, and forests. Examples of
information sampled from such archives include atmospheric temperatures from ice cores
and precipitation cycles from tree rings. When sarnples are dated, through radiometric or
other methods, the data preserved therein become proxy indices, establishing a timeline of
major events in the local environment of the sample. Multiple samples collected over larger
spatial scales can be cross-dated to create regional climate and landscape process
chronologies.

The material sampled for paleoclimatic reconstructions has limitations that decrease the
resolution and confidence of data going back in time. Although paleoclimatic
reconstructions have a coarser temporal reselution than modern measurements, the variations
in climate and landscape responses to change are reliably described *in the first person”
because the evidence of localized climate change is preserved as a time series in sifu, absent
of human influence.

The San Francisco Bay-Delta has been the focus of several paleoclimatic reconstructions.
Surveys have sampled from Browns Island (Goman and Wells, 2000; May, 1999; Malamud-
Roam and Ingram, 2004), Roe Island (May, 1999; Malamud-Roam and Ingram, 2004) Rush
Ranch (Starratt, 2001; Byrne ef al., 2001; Starratt, 2004), and China Camp and Benicia State
Parks (Malamud-Roam and Ingram, 2004).

Sediment cores are the predominate archive used to reconstruct Bay-Delta climate. Changes
in wetland plant and algae communities are the dominant response in the Bay-Delta to
climate change and associated fluctuations in temperature and precipitation. Proxies of plant
and algae response to environmental conditions are preserved in the sediment cores and
determined by quantification and taxonomic identification of diatom frustules (Byme er al.,
2001; Starratt, 2001; Starratt, 2004), plant seeds and roots {Goman and Wells, 2000) and
plant pollen (May, 1999: Byrne et al., 2001; Malamud-Roam and Ingram, 2004) and
measurement of peat carbon isotope ratios (Byme et al., 2001; Malamud-Roam and Ingram,
2004).

Plant communitics in the Delta are characterized by salt tolerance. Salt-tolerant plant
communities are dominated by pickleweed (Salicornia spp.) while freshwater plant
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assemblages are dominated by tule (Scirpus spp.) and cattail (Typha spp.) (Atwater ef al,,
1979). Plants contribute pollen, sceds, and vegetative tissue in the form of peat to the
sediment archive. Plant material deposited to surface sediments are significantly correlated
to the surrounding standing vegetation, and thus plant material preserved in sediment cores
are considered autochthonous to the type of wetland existent at the time of sediment
deposition, allowing reconstruction of the salinity conditions in the Delta over time.

Diatom taxa are classified according to their salinity preference expressed as the Diatom
Salinity Index (DSI) (Eq 1) (Starratt, 2004). Starratt (2001) classified salinity preference as
freshwater (F; 0-2%.), freshwater and brackish water (FB; 0-30%s), brackish (B; 2-30%),
brackish and marine (BM; 2-35%0), and marine (M; 30-35%,). Samples dominated by marine
taxa have a DSI range of 0.00 to 0.30.

F+ FB+0.58

DSt =
F+FB+B+BM+M

(1

Carhon-isotope ratios (PC/*C) (Eq 2) are measured by spectrometry and the & notation
calculated as

Cici
8°C = || =" |- 1% 1000 (2)

The 5'°C value of peat samples is a proxy for the composition of the plant assemblages
contributing vegetation to the formation of the peat. Plants utilizing the C4 mechanism have
higher 8"C values (~14%.) than those utilizing the C; or CAM (~-27%) (Table B-1). Using
the 8"°C proxy can detect the presence of upland bunchgrasses such as Sparrina and
Distichiis.

Pollen can be classified to the taxonomic family level. Chenopodiaceae fnow
Salicornioideae) is representative of salt-tolerant Salicornia. Cyperaceae is representative of
freshwater species including Scirpus. The ratio of Chenopodiaceae to the sum of
Chenapodiaceae and Cyperaceae (Eq. 3) is a proxy of the percent relative abundance of salt-
tolerant species (May, 1999).

08T = Chenopodiaceae

(3)

Chenapadiaceae + Cyperaceae

To establish chronologics for sediment archives, dates must be established for when material
was deposited through the length of the sediment cores. Radiocarbon dating by Accelerator
Mass Spectrometry (AMS) determines age by counting the " content of plant seeds or
carbonate shells calibrated against a northern hemisphere atmospheric carbon calibration
curve (Malamud-Roam et al., 2006). Radiocarbon dating is valid to about 40,000 years
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before present (BP) °, making it an ideal method for establishing dates through the period of
interest for the Bay and Delta. When archived proxies are correlated with the sediment core
chronology, a timeline is established reconstructing past climate and landscape response.

Table B-1 - Carhon Isotope Ratios (§'°C) of Plant Species in the San Francisco Estuary
{adapied from Byrne et al. 2001)

Photosynthetic  613C

Species C Name Pathway  (%o)
Distichlis spicata Saligrass C4 -135
Spartina foliosa California cordgrass  C4 -12.7
Cuscuta salina Salt-marsh dodder C3 -29.8
Frankenia

grandifolia Alkali heath &3 -30.2
Grindelia stricta Gumplant c3 -26.4
Jaumea carnosa Marsh jaumea C3 -27.2
Juncus balticus Baltic rush C3 -284
Lepidium latifolium  Perennial pepperweed C3 -26.6
Scirpus californicus  California bulrush C3 =27.5
Seirpus maritimus  Alkali bulrush c3 2255
Typha larifolia Cattail C3 -27.8
Salicornia virginica_Pickleweed CAM -27.2

A large number of paleoclimatic reconstructions exist for California and the western U.S.,
but a complete discussion is beyond the scope of this report. These reconstructions are
reviewed by Malamud-Roam er al. (2006: 2007) and provide important context to events in
the Bay and Delia by recording major non-localized events and larger regional climate shifts.
Important examples include: Central Valley oaks, Sierra Nevada giant sequoias, and White
Mountain Bristlecone pines used to establish precipitation and temperature from the location
of the tree line and tree rings; Mono Lake sediments and submerged tree stump rings for
precipitation; and Sacramento and San Joaquin River floodplain deposits for flood events.
These studies establish a record of environmental conditions in the Bay and Delta from their
formation to the present,

B.2 Major Regional Climatic Events

Formation of the Sacramento-San Joaquin Delta

The Holocene epoch began approximately 8000 BCE at the end of Pleistocene glaciations
(Malamud-Roam ef al., 2007). In the early Holocene, a general warming and drying period
in California accompanied high orbitally driven insolation until insolation reached current
values at approximately 6000 BCE. In the Sierra Nevada, western slopes were in the early
stages of ecological succession following the retreat of glaciers. The modern river floodplain
systems were forming in the Central Valley. Parts of the Delta and Bay were river valleys

Before Present (BP) is a lime scale, with the year 1950 as the origin, used in many scientific
disciplines. Thus, 100 BP refers to the calendar year 1850.
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prior to approximately 8000 to 6000 BCE, when rapidly rising sea level entered the Gelden
Gate and formed the early Bay estuary (Atwater et al, 1979). A fringe of tidal marshes
retreated from a spreading Bay until approximately 4000 BCE when the rate of submergence
slowed to 1 1o 2 cm per year, allowing the formation of extensive Delta marshes over the
next 2000 years (Atwater et al., 1979). Sedimentation from upstream sources kept up with
subsidence from increasing sea-level rise.

2000 -1 BCE

After 2000 BCE, information from archives indicates climate in the Bay and Delta was
cooler with greater freshwater inflows. The Sierra Nevada became more moist and cooler
during a period ca. 4000-3500 BP (Malamud-Roam er al., 2006).

1 BCE - Present

The cooler and wetter period ended approximately | BCE, replaced by more arid conditions
(Malamud-Roam, 2007). Major climatic events, known from other parts of the world, are
captured in the regional paleoclimatic reconstructions and help to calibrate or correlate these
reconstructions to global events. Unusually dry conditions prevailed during the Medieval
‘Warm Period (approximately 800-1300 CE). Wetter and cooler conditions existed during the
Little Tee Age (approximately 1400-1700 CE).  These climate variations are reflected in
variations in the plant communities.

Droughts

Two extreme droughts occurred in the region from about 900 to 1150 CE and from 1200 to
1350 CE. Low freshwater inflows to the Delta oceurred during periods 1230-11350, 1400-
1300, 2700-2600, and 3700-3450 B.P.

Flood Events

Periods of increase moisture occurred from 800-730 BP and 650-300 BP, Massive flooding
inundated the Central Valley in the winter of 1861 (Malamud-Roam ef al., 2006). High
periods of inflow occurred during 1180-1100, 2400-2200, 3400-3100, and 5100-3800 BP.

Sampling for paleoclimatic reconstructions captures the modern era, enabling a comparison
of current conditions with conditions over the past several thousand years. The erratic nature
of precipitation in California observed over the past century have been normal and small
compared to natural variations over the past millennia.

Reconstructed River Flow and Precipitation Records

Meko et al. (2001a) used tree-ring chronologies in statistical regression models to reconstruct
time series of annual unimpaired Sacramento River flow for approximately the past 1,100
years (see Section 2.1). Similarly, Graumlich (1987) used tree ring data from the Pacifie
Northwest to reconstruct precipitation records for the period of 1675-1975 (Figure B-1).
Compared to the average observed precipitation from 1899 to 1975, the reconstructed record
has above-average precipitation during the latter half of the nineteenth century (1830-1900)
(Figure B-1). These relatively wet conditions during the late 1800°s and the severe dry
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conditions from the 1920’s trough the 1930°s in the reconstructed precipitation record are
consistent with the annual unimpaired Sacramento River flow reconstruction from Meko er
al. (2001) presented in Section 2.1.

Precinitation Index

Years

Figure B-1 - Reconstructed annual precipitation, 1675-1975
Data from Gi lick (1987). Precipitation index is p 1 fn units of standard deviation from the
[895-1975 ohserved mean value.

Estimates of annual precipitation (Graumlich, 1987) and unimpaired runofT (Mcko et af.,
2001a) from tree ring analysis are used in this study to provide hydrological context,
indicating the relative hydrology (e.g. wet or dry) of a specific year and surrounding decade.
The reconstructed hydrological data are not used to estimate salinity intrusion for two
reasons. First, the seasonal distribution of hydrology is critical in determining salinity
variability; two years with the same total annual flow could have significantly different
salinity intrusion due to the timing of the flow (Knowles, 2000). Sccond, since 1850,
anthrapogenic modifications to the landscape and river flows alter the hydrodynamic
response (o freshwater flow, somewhat decoupling the unimpaired hydrology from the
downstream response (i.e. salinity intrusion).

Malamud-Roam ef al. (2005) and Goman et a!. (2008) review paleoclimate as it relates to
San Francisco Bay. Generally, they found that paleoclimatic studies showed that a wetter
(and fresher) period existed from about 4000 BP to about 2000 BP. In the past 2,000 years,
the climate has been cooling and becoming drier, with several extreme periods, including
decades-long periods of very wet conditions and century-long periods of drought. As
discussed in the next section, the century-long periods of drought are found in paleosalinity
records in Suisun Bay and Rush Ranch in Suisun Marsh, but are much less evident in Browns
Island, indicating a predominately freshwater marsh throughout the Delta. Citing Meko ef al.
(2001), they note that only one period had a six-year drought more severe than the 1928-1934
period: a seven-year drought ending in 984 CE. They also not the most extreme dry year was
in 1580 CE, and state that it was almost certainly drier than 1977, On the whole, however,
the last 600 vears have been a generally wet period. This is reflected in the salinity records
discussed in the next section,
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B.3. Reconstructed Salinity in the Bay-Deita

Starratt (2001) reconstructed historical salinity variability at Rush Ranch, in the northwestern
Suisun Marsh, over the last 3.000 years by examining diatoms from sediment cores. The
taxa were classified according to their salinity preference: freshwater (< 2%o), freshwater and
brackish water (0%o to 30%e), brackish (2%e to 30%.), brackish and marine (2%a to > 30%a).
and marine (> 30%0). Based on the composition of the diatom assemblages, Starrat identified
centennial-scale salinity cycles (Table B-2).

Table B-2 — Salinity Intervals over the last 3,000 years at Rush Ranch

Salinity intervals determined from the diatom p lations tn a sed; core it J Stawsun
Marsh.
Approximate Years Type of Interval *
1850 CE ~ present [not classified]
1250 CE- 1850 CE fresh
250 CE - 1250 CE brackish
500 BCE -250CE fresh
1000 BCE - 500 BCE brackish

* Classification according to Starratt (2001)

These results correspond well to other paleoclimatic reconstructions. The most recent broad-
scale freshwater interval roughly corresponds to the Little Ice Age, and the most recent
brackish interval corresponds to the Medieval Warm Period.

Starrait notes that the post- 1850 interval indicates an increase in the percentage of diatoms
that prefer brackish and marine salinities compared to the last freshwater interval, indicating
an increase in salinity during the last 150 years, in comparison to the previous 600 years.
During the post-1850 period, diatoms that prefer “marine” environments constitute as much
as 50% of the total diatom population, a per ge that is at or above that of any other
period. During the most recent years, “freshwater” assemblages constitute about 20% of the
total population, a percentage that is only about 10% higher than the most recent brackish
interval from 250 to 1250 CE.

Malamud-Roam et al. (2006) compared reconstructed salinity records for the past three
thousand years from four locations (three tidal marsh locations and one location in the Bay)
in the Bay-Delta region (Figure B-2(a)). Figure B-2(b) shows several periods with higher
than average salinity (¢.g., 1600-1300 and 1000-800 BP and 1900 CE to present) and several
periods with lower than average salinity (e.g., 1300 to 1200 BP and 150 to 100 BP). These
paleosalinity records are consistent with each other and with the paleoclimatic records of
river flow and salinity presented in Section 2.
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Figure B-2 — Paleosalinity records at selected sites in the San Francisco Estuary
(a} lacation of the three tidal mavsh sites (China Camp, Benicia State Park and Roe Isfand) and ome
site in the Extuary (Qyster Point in San Francisco Ray) wheve sediment cores were obrained.
(b) time series for the pollen index (runging from 0 to 1, higher values corresponding to higher
salinity) and the $13C values at the tidal marsh sites; salinity at Oyster Point, San Franciseo Bay
(inferred from 4130 values) is also shawn. The broken line shows the estimated mean pollen index
prior to Evropean dismurbance. (madified from Malamud-Roam and fngram (2004) and Malanud-
Roam e1 al. (2006))
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Appendix C. Quantitative Hydrological Observations

Long-term records of river runoff are useful in understanding hydroclimatic variations.
Section 3.1 discusses the long-term variations of the unimpaired Sacramento River runoff’
and unimpaired San Joaquin River unoff. The estimates of these variables from early
1900"s to the present are available on the intemet . Estimates prior to the early 1900’s (late
1800°s to early 19007s) were obtained from a 1923 California Department of Public Works
report (DPW, 1923). Table C-1 through Table C-4 present estimates of Sacramento River
runoff and San Joaguin River runoff for the period of 1872-2008, obtained from DPW (1923)
and http://edec. water.ca.govicgi- iodir/ W

The unimpaired Sacramento River runoff is the sum of the flows from the Sacramento River
at Bend Bridge, Feather River inflow to Lake Oroville, Yuba River at Smartville, and the
American River inflow to Folsom Lake. The unimpaired San Joaquin River runoff is the
sum of the flows from the Stanislaus River inflow o New Melones Lake, Tuolumne River
inflow to New Don Pedro Reservoir, Merced River inflow to Lake McClure, and San Joaquin
River inflow to Millerton Lake.

Table C-1 — Annual unimpaired Sacramento River runoff for 1872-1905
Data sowrce: DPW (1923

, 4 wcan
Water s“.mmﬂ'.h Elii‘:::'g" ?llhl_. “I(’:?:r‘zi' Sacramento
Year River @ Lake .Rwrr @ Folsom River Runoffl
Bend Bridge Oroville Smartville Lake
Acre-feet (AF) N:;:m:cﬁ_
| 1872 10,200,000 7.254.000 4,352,000 | 4.215,600 26.0
18713 4.780.000 3.347.000 1638400 1.862.200 11.6
1874 7,300,000 5,571,000 3,340,800 3,079,800 19.3
1875 4,390,000 2,747,000 1,561,600 1,391,600 10.1
1876 14,500,000 6,867,000 3,504,000 | 4.450.900 204
1877 9,870,000 2437000 | 1,292.800 | 1,289,200 149
1878 17,800,000 4,836,000 2,528.000 | 2,721,700 279
1879 8,380,000 5.513,000 2,796,800 | 3.304,900 20.0
1880 12,300,000 7.061 000 3,641,600 | 4.502.100 275
1881 15,400,000 3610000 3,104,000 | 3.540,300 177
1882 8,000,000 4.797.000 2,150,400 | 3,264,000 18.2
1883 6,670,000 3.714.000 1804800 | 2,169,200 144 |
| LBR4 11,400,000 6,190,000 3,104,000 | 4,103,000 248 |
[ 1885 | 6.460.000 3482000 | 2,304.000 | 1,780,400 140
| 1886 | 14400000 | 6384000 | 3,174,400 | 3.918.900 279
1887 6,670,000 2611000 | 1,561,600 1,862,200 127
I 1888 5,430,000 2669000 | 998400 1,575,700 10.7.
1339 10,600,000 5,126,000 1,612,800 1,903,200 192
1890 22,700,000 12,000,000 | 6.176.000 7.725.200 48.7
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Feather = American
Water Sl;::mmm River @ ‘ yba River @ Sacramento
er (@ River @ 2
Year Bend Bridge Lake Smartville Faolsom River Runoff
Oraville Lake
1891 6,460,000 3,482,000 1,747,200 1,944,100 13.6
1892 7,250,000 5,416,000 1,945,600 | 2,568,200 17.2
1893 12,400,000 7.177.000 3488000 | 4,399.800 115
1894 8,640,000 4,410,000 2432000 | 3.304.900 188
1895 12,300,000 7,177,000 4,160,000 | 4.737.400 284
| 1896 11,343,200 7.738.000 | 3,641,600 | 3.857.500 26.6
[ 1897 10,391,400 | 5610000 | 3,040,000 | 3,632,400 22.7
| 1898 5,135,800 2,805,000 1,184,000 1.186.900 10.3
1899 5.977.400 3,288,000 1,984,000 | 2.362.600 13.6
1900 8,712,500 6,500,000 2.956,800 | 3,683,500 219
1501 9,020,900 6,220,000 2854400 | 3.714.200 218
1902 11,380,600 4,468,000 2432000 | 3.079.%00 214
1903 9,941,800 4 483,500 2,368,000 3.038 900 19.8
1904 16,093,800 9,377,000 4,101,800 | 5.249.000 348 |
1905 10.775.200 4.529.200 2403500 |  2.050.000 19.8 |
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Table C-2 = Annual unimpaired Sacramento River runoff for 1906-2009
Data Souwrce:  hitp:iedec.waler.ca.govicgi-progs/iodin WSIHIST

5 Sacramento Sacramento : - Sacramento Sacramento
‘:,:;':_r River Runofl \:::err River Runoff ‘:,:;Irr River Runofl ‘::r: River Runoff
(MAF) (MAF) (MAF) (MAF)
1906 | 26.7 1936 174 1966 13.0 1996 223
1907 | 337 1937 133 1967 24.1 1997 254
1908 | 148 1938 31.8 1968 13.6 198 [ 314
1909 0.7 1939 82 1969 270 1999 21.2
1910 20.1 1940 224 1970 24.1 2000 18.9
1911 26.4 1941 27.1 1971 226 2001 9.3
1912 114 1942 252 1972 13.4 2002 14.6
1913 12.9 1943 21.1 1973 20.1 2003 19.3
1914 218 1944 10.4 1974 325 2004 16.0
1915 239 1043 15.1 1975 19.2 2005 18.6
1916 24.1 1946 17.6 1976 8.2 2006 321
1917 173 1947 10.4 1977 5.1 2007 103
1918 1.0 1948 15.8 1978 239 2008 103
1919 15.7 1949 12.0 1979 124 2009 129
1920 9.2 1950 14.4 1980 223
1921 238 1951 230 1981 1.1
1922 | 18.0 1952 86 1982 334
1923 | 132 1933 20.1 1983 377
1924 5.7 1954 174 1984 24
1925 | 16.0 1955 1.0 1985 1.0
1926 118 1956 299 1986 25.8
| 1927 238 | 1957 149 1987 9.3
1928 16.8 1958 29.7 1988 9.2
1929 | 84 1059 12.1 1989 | 148
1930 135 1960 g 1950 93
1931 6.1 1961 12,0 1991 3.4
1932 3] 1962 15.1 1992 8.9
1933 89 1963 23.0 1993 222
1934 8.6 1964 10.9 1554 78
1935 | 16.6 1965 25.6 1993 4.6
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Table C-3 - Annual unimpaired San Joaquin River runoff for 1872-1900

Dara source: DPW (1923}

Exhibit CCWD-6

Stanislus | LUolmne | o ed BB
Water | River @ New 5““ @ | piver@ | JORMMIR | oo foaquin
Year Melones New Dow Lake River @ River Runoff
Lake Fedro wsciare | MDerton
Reservoir Lake
units of acre-feet (AF) :;;:E‘E.::IT'{::\IJIIE)

1872 1,860,000 | 2624000 | 1,511,000 | 2627000 8.6
1873 959,000 1543000 | 769000 | 1122000 44
1874 970,000 1,576,000 | 791000 | 1.862.000 5.2
1875 482,000 982,000 | 439,000 B87,000 2.8
1876 2,530,000 4.059.000 | 2384000 | 2.862.000 12.2
1877 408,900 S61,000 | 220,000 809,000 20
1878 1,570,000 22%6,000 | 1,274000 | 2,218,000 73
1879 823,000 1,353,000 | 659,000 470,000 33
1880 1390000 | 2071000 | 1,132,000 | 3,349,000 1.9
1881 970,000 1,576,000 | 791,000 | 2,740,000 6.1
1882 944,000 1,526,000 | 764000 | 1,000,000 4.2
1883 1.020.000 1,600,000 813,000 1,392,000 4.8
1884 2250000 | 3,152,000 | 1,840,000 | 5732.000 13.0
1885 582,000 1,097,000 | 505000 | 1,218,000 34
1886 2,070,000 | 2920000 | 1,692,000 | 5211.000 11.9
1887 619,000 1,139,000 | 538000 | 1479000 38
1888 540,000 1,048,000 478.000 957,000 30
1889 718,000 1,262,000 | 599,000 | 1,574,000 42
1890 3580000 | 5099000 | 2955000 | 4342.000 16.0
1891 959,000 1,543,000 | 760000 | 1,227,000 45
1892 | 1,050,000 1650000 | 846,000 | 1931000 55
1893 | 2150000 | 3.036.000 | 1,758,000 | 1,914.000 89

| 1894 1860000 | 2,624,000 | 1,511,000 | 1,331,000 13
1895 2,700,000 3,795,000 | 2,236,000 | 2,786.700 11.5
1896 1,380,000 1,588,100 | 1,110,000 | 1,985,700 6.1
1897 1,920,000 2437100 | 1,566,000 | 2.219.700 8.1
1898 498,000 960,500 450,000 922,300 28
1399 1,030,000 1334700 | 824,000 | 1,269,500 45
1900 1,350,000 1.628.100 | 1.099.000 | 1,343,000 5.4

February 12, 2010

No comments
-n/a-



Tahle C-4 — Annual unimpaired San Joaquin River runoff for 1901-2009

Data Sowrce:  htip:edecwater.ca goviegi- s/adiv/WSIHIST
= San Joaqui i San J SanJ San Joaqui
n Joaquin an Joaquin " an Joaguin an Joaquin
\:‘;::;r River R:m!l | t::? River Runaff ‘;',::e: River R.:nof! ‘g::,r River RI:llln[f
(MAF) (MAF) (MAF) | (MAR)

1901 1931 1.7 1961 2.1 1991 33
1902 1932 6.6 1962 5.6 1992 2.6

[ 1903 1933 33 1963 6.2 1993 8.4
1904 1934 23 1964 3.1 1994 2.5
1905 1935 6.4 1965 8.1 1995 12.3
1906 1936 6.5 1966 4.0 1996 7.2
1907 1937 6.5 1967 10.0 1997 9.5
1908 1938 1.2 1968 29 1998 104
1909 1939 29 1969 123 1999 59
1910 1940 66 1970 56 2000 59
1911 1941 7.9 1971 4.9 2001 3.2
1912 1942 14 1972 36 2002 4.1
1913 1943 73 1973 6.5 2003 49

| 1914 1044 3.9 1974 7.1 2004 38

[ 1915 1945 6.6 1975 6.2 2005 9.2

1916 1046 57 1976 20 2006 10.4
1917 1947 34 1977 1.1 2007 25

[ 1018 1948 42 1978 9.7 2008 35—
1919 1949 38 1979 6.0 2009 5.0

[ 1920 1950 47 1980 9.5
1921 1951 73 1981 3.2
1922 1952 9.3 1982 114
1923 1953 44 1983 15.0
1924 1954 4.3 1984 %1
1925 1955 35 1985 36
1926 1956 9.7 1986 9.5

| 1927 1957 43 1987 2.1

[ 1928 1958 84 1988 25
1929 1959 3.0 1989 36

|_1930 1960 3.0 1990 25
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Appendix D. Instrumental Observations of Salinity

In Section 3, historical variations in the net quantity of water flowing from the Delta to the
Suisun Bay (called net Delta outflow or NDO) and salinity in the western Delta were
discussed using available observations and a suite of commonly used modeling tools. This
section presents additional information on the historical variations of NDO and salinity in the
western Delta and Suisun Bay discussed in Section 3.

D.A. Introduction

D.1.1.  Salinity Units

Salinity is specified in this report either as electrical conduetivity (EC, in unils of
microSiemens per centimeter, or pS/cm) or as a concentration of chloride in water (in units
of milligrams of chloride per liter of water, or mg/L), Conversion between EC and chloride
concentration is accomplished using site-specific empirical relationships developed by
Kamyar Guivetchi (DWR, 1986). Table D-1 presents a sample of typical EC concentrations
and their approximate equivalent chloride concentrations.

Table D-1 - Typical electrical conductivity (EC) and equivalent chloride concentration

Electrical ,
Conductivity L[::?l‘;e
(uS/cm)

350 50

525 100
1,050 250
1,900 500
2,640 700
3.600 1.000

Qualitative lerms such as “fresh” and “brackish” are often used to describe relative salinity.
The quantitative thresholds of average chloride o tration that distinguish fresh water
from brackish water and the averaging time period vary among studies. For instance,
chloride concentrations of 1,000 mg/L, 700 mg/L, and 50 mg/L have been used by different
studies (Table D-2).

D.1.2. Temporal and Spatial Variability of Salinity

The main variability in salinity along the length of the Bay-Delta system is due to the
gradient from saline Pacific Ocean water (EC of approximately 50,000 pS/cm) to fresh water
of the Central Valley rivers (EC of approximately 100 pSfem). However, the salinity in the
Bay-Delta varies both in space and time. It is important to clarify which time scales and
measurement locations are being used when comparing and discussing salinity trends.

) +12, 2 .
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Table D-2 — Metrics used to distinguish between “fresh™ and “brackish” water

Salinity Value
Chloride
(mg/L)

1,000 mg/L | 3,700 uS/em

Sample timing or

Description : +
averaging

EC (nS/cm)

Isohalines in Delta Annual maximum of
Atlas (DWR, 1995) the daily maximum

X2 position (Jassby | Daily average 7
et al., 1995) (or a 14-day average) 700 mg/L | 2.640 pS/em
Barge travel by Monthly average of S0mgL| 350 pSicm

Cc&H' | the daily maximum

Salinity in the western Delta is strongly influenced by tides. The hourly or daily variability of
salinity can be much larger than the seasonal or annual variability. For instance, during the
fall of 1999 (following a relatively wet year™), hourly EC in the San Joaguin River at Antioch
varied by about 6,000 pS/cm (from about 3,000 pS/cm to 9,000 pS/em) while the daily-
averaged EC for all of 1999 ranged from about 100 uS/em to 6,000 pS/em (Figure D-1}.

Salinity on San Joaquin River at Antioch

12000
Wet W Wet WY Wet/AN WY
35 MAK 42 MAF 27 MAF
10000
8000 ——Hourly Data
= Daily Average

EC [uSfcm]
2
8

4000-

2000

o7 1998 1999 2000

Figure D-1 - Hourly and daily salinity variability in the San Joaquin River at Antioch
Totead anniral unimpeired Sacromento River flow and water vear type is indicated for each water year.
Data Source: 1EP Data Vaults § hip:iwww.igp.ca.govidss/ )

¥ The California & Hawaiian Sugar Refining C in Crockett (C&H) obtained its freshwater supply from
barges traveling up the Sacramento and San Joaquin Rivers, generally twice a day beginning in 1908 (DPW, 1931).
* Water year 1999 was classified as welt using the Sacramento Valley 40-30-30 index and above-normal using the
San Joagquin Valley 60-20-20 index; indices are defined in D-1641.
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Daily Average Safinity [EC uS <m)
Figure D-2 - Tidal Variability in Salinity at Antioch (1967 to 1992)
Data Source: 1EP Data Vaults { htip:/fwww.iep.ca.gowidss! )

Dally Average

Figure D-3 - Tidal Variability in Salinity at Rio Vista (1967 to 1992)
Data Source: TEP Data Vaults ( hitp:Ywww.iep.ca gov/dss/ )

F el 2
Febrimey 13;2010 Exhibit CCWD-6

No comments
-n/a-



No comments
-n/a-

The high tide maximum, low tide minimum, and daily-averaged salinity at a given location
are very different. As shown in Figure D-2, the daily maximum salinity in the San Joaquin
River at Antioch can be double the daily-averaged salinity. Because of the large tidal
variability in salinity, any comparisons of salinity observations should be at the same phase
of the tide, or at least take into account tidal variability.

Similarly, as shown in Figure D-3, the daily maximum salinity in the Sacramento River at
Rio Vista can be 170-400% of the daily average salinity. The daily minimum at Rio Vista
may be 10-65% of the daily average.

D.2. Variations in the Spatial Salinity Distribution

Dhservations examined in this section and Section 3.3 include records from the carly 1900°s
from the California & Hawaiian Sugar Refining Corporation in Crockett (C&H) and the
long-term monitoring data from the Interagency Ecological Program (IEP). Estimates of
salinity at specific locations of interest were obtained from DWR’s DSM2 model and Contra
Costa Waler District’s salinity-outflow model (also known as the G-model) (Denton, 1993).
Estimates of salinity intrusion were obtained using the K-M equation (Kimmerer and
Monismith, 1992).

D.2.1. Distance to Freshwater from Crockett

The California & Hawaiian Sugar Refining Corporation in Crockett (C&H) obtained its
freshwater supply from barges traveling up the Sacramento and San Joaquin Rivers,
generally twice a day beginning in 1905 through 1929 or later (DPW, 1931). The salinity
information recorded by C&H is the most detailed salinity record available prior to the
intensive salinity monitoring by the State of Califomia, which started in 1920. This section
presents a comparison of the salinity observations of C&H with recent monitoring data and
modeling results to determine how the managed salinity regime of the lale 20" Century
compares to the salinity regime of the early 1900°s,

Data Sources and Methods

C&H data: C&H operations required water with less than 50 mg/L chloride concentration.
According to DPW (1931), the C&H barges typically traveled up the river on flood tide and
retumed downstream on ebb tide. Since the maximum daily salinity for a given location in
the river channel typically occurs about one to two hours after high slack tide, the distance
traveled by the C&H barges represents approximately the daily maximum distance to 50
mg/L water from Crockett. The monthly minimum, average, and maximum distance traveled
by C&H barges are shown in Figure D-4 and Figure D-5. For the following analysis,
monthly averages of the C&H daily maximum distances were extracted from Figure D-5 for
the period of 1908-1918 (after 1917, extensive salinity intrusion was reported and
agricultural diversions reportedly started affecting flows into the Delta).

3 2.
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Mallard Slough 18 miles
Collinsville 22 miles
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Jersey Point 32 miles
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Figure D-4 - C&H Barge Travel Routes
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Figure D-5 - C&H Barge Travel and Quality of Water obtained
C&H barge travel up the San Joaguin River (1908 through 1918, top panel) and Sacramento River
(1919 through 1929, bowam panely. The lower three lines on each panel freference to the lefi axes)
indicate the monthly minimam (dashed ling), monthly maximum doned line), and monthly average
(solid line) distance traveled by C&H barges to obtain their fresh water supply. The uppermast soltd
line on each panel (reference to the right axes) indicates the average monthly salinity of the water
obtained by the barges. Figure adapted from DPW (1931}

From 1908 through 1917, C&H was able to obtain water with less than 50 mg/L chlorides
within 30 miles of Crockett on average (below Jersey Point on the San Joaquin River). In
1918, the salinity of the water obtained by C&H barges had i d due to a combination
of a lack of precipitation and upstream diversions (especially for newly introduced rice
cultivation) (DPW, 1931). During August and September 1918, salinity exceeded 60 mg/L
chloride, and the C&H barges traveled farther upstream than any time previously recorded.

el b .
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In 1919, a wetter year than 1918, salinity was high for an even longer period of time, most
likely due to increased upstream diversions for irrigation. Salinity exceeded 60 mg/L
chloride during July, August, and September. Beginning in 1920, C&H abandoned the
Sacramento and San Joaquin Rivers during the summer and fall seasons, replacing the water
supply with a contract from Marin County. However, even during the driest years of the
1920"s, C&H obtained water with less than 50 mg/L chloride below the confluence of the
Sacramento and San Joaquin Rivers during a portion of every year.

Salinity observations from the Interagency Ecological Program (IEP): Long-term
monitoring of electrical conductivity (EC) at multiple stations within the Bay and Delta
began around 1964, Publicly-available daily-averaged data were obtained for this analysis
from the Interagency Ecological Program (IEP) data vaults (Table D-3).

Tahle -3 — Overview of long-term salinity observation records from IEP
fsee huip:dwww.iep.ca.govidss/ )

Location Station Source Data
Selby RSACO45 | USGS-BAY Historical
Martinez RSACO54 | CDEC Real-time
Benicia Bridge RSACO056 | USBR-CVO Historical
Port Chicago RSAC064 | USBR-CVO Historical
Mallard RSAC075 | CDEC Real-time
Pittsburg RSAC077 | USBR-CVO Historical
Collinsville RSACO81 | USBR-CVO Historical
Emmaton RSAC092 | USBR-CVO Historical
Rio Vista RSACI01 | USBR-CVO Historical
DWR-ESO-D1485C Historical
Georgiana Slough RSACI2} | DWR-CD- Historical
SURFWATER
Greens Landing RSACI39 | USBR-CVO Historical
Antioch RSANO0OS | USBR-CVO Historical
Jersey Pont RSANOIB | USBR-CVO Historical
Bradford Point RSAN024 | USBR-CVO Historical
San Andreas Landing RSAN0O32 USBR-CVO Historical

Delta Simulation Model (DSM2) Historical Simulation: The DSM2 historical
simulation (1989-2006) was used to provide estimates of water quality to complement the
limited field data from IEP. Because DSM?2 has a very detailed spatial computational
network covering the Delta and Suisun Bay, DSM2 can output much more detailed spatial
and temporal salinity information than just the water quality at the IEP monitoring stations,
DSM2 results include the daily-averaged EC at each model node along the lower Sacramento
and San Joaquin Rivers. The location of the 350 pS/em EC isohaline (corresponding 1o 50
mg/L chloride) was identified from the DSM2 results and compared with the equivalent
C&H and IEP data.

] .
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Analysis time frame: The first decade of C&H barge travel (1908-1917) was a relatively
wet period compared to the entire period of record (1906-2006) (Figure D-6). To compare
conditions under similar hydrological conditions, specific recent decades (Figure D-6(a)) and
select recent years (Figure D-6(b)) were selected that have comparable or slightly wetter
hydrology than the C&H years. The periods 1966-1975 and 1995-2004 have similar annual
unimpaired Sacramento River flow to the C&H data period (1908-1917) (sce Figure D-6(a)).
In addition, two wet years (1911 and 1916) and two dry years (1913 and 1918) selected from
the C&H time period were compared with two wet years (1969 and 1998) and two dry years
(1968 and 2002) from the IEP record.

Limitations of the analysis: The C&H data approximately represent the maximum daily
salinity at a given location, whereas recent conditions (IEP or DSM2 data) are represented by
the daily-averaged salinity. The estimates of the distance that must be traveled to reach fresh
water under current conditions are, therefore, underestimated.

In addition, the C&H barges traveled up the San Joagquin River from 1908 through 1917, yet
the equivalent travel distance for C&H barges under current conditions are estimated for the
Sacramento River, and not the San Joaguin River. Under present-day conditions, the
upstream distance to fresh water on the San Joaquin River is greater than for the Sacramento
River, so this approach will also serve to underestimate the actual distance that C&H barges
would have to travel under present-day conditions.
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(a) Hydrology distribution for time period of each dataset
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Figure D-6 — Hydrologic Context for Analysis of Distance to Fresh Water

(a) Hydrology distribution for water vears 1906 to 2007, and select decades.

(b} Hydvolagy disteibution for water years 1908 to 2007, with sefect water vears shown for context.
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Results and Discussion
Selected Wet Years

As shown in Figure D-7, the salinity patterns during the two selected C&H-era wet years,
1911 and 1916, are similar to each other. During these wet years, the location of 50 mg/L
chloride water is west of Martinez for about 4-5 months (late February to early Augusl in
1911 and from early February to late June in 1916). In contrast, during recent wel years
1969 and 1998, water with 50 mg/L chlorides or less was west of Martinez for only about 6
weeks in February and March. This comparison shows that in 1969 and 1998 the western
Delta was saltier in the fall and spring than it was in 1911 and 1916, and salinity intrusion
oceurred much earlier in 1969 and 1998.

If barges were still traveling up the Sacramento River today to find fresh water, they would
have to travel farther during the fall, spring, and summer than the C&H barges traveled
during similar wet years. In 1916, fresh water retreated upstream about one month earlier
than in 1911, possibly influenced by the increasing upstream diversions during 1911-1916
(see Figure 1-3). In recent years with even greater unimpaired runoff. fresh water retreats
two to three months earlier than in 1916. Additionally, fresh water reaches Martinez for a
much shorter period of lime, about less than one month in recent years compared to four and
five months during 1916 and 1911, respectively.
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Figure D-7 - Distance to Fresh Water in Select Wet Years
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Selected Dry Years

Figure D-8 shows that the most visible difference between the distance to fresh water in dry
years of the early 1900°s and more recent dry years is the substantial increase in distance to
fresh water, particularly from April through June. This indicates the spring was much fresher
during the dry years of the early 1900's, before large upstream reservoirs were built to
capture the spring runoff. In dry and below-normal water years under today’s conditions,
barges would have to travel farther during spring, summer and fall than they traveled in the
early 20th Century.

The C&H barge travel distance in the dry years of 1913 and 1918 are quite different,
especially the additional 10 miles of distance to fresh water traveled in August and
September of 1918. C&H recorded relatively high salinity (greater than 110 mg/L chlorides)
above Bradford Point on the San Joaquin in 1918, which is greater than observed salinity on
the Sacramento River near Rio Vista in similar water years. This may be partially explained
by the development of the rice cultivation industry around 1912 (DPW, 1931) and increased
upstream diversions when seasonal river flows were already low.
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*  During August and September 1918, average water quality obtained by C&H
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Figure D-8 - Distance to Fresh water in Select Dry or Below Normal Years

Figure D-9 shows the exceedance probabilities for distance traveled up the Sacramento River
for different salinity levels, During 1908-1917, on a monthly-averaged basis, C&H barges

had to travel above the confluence of the Sacramento and San Joaquin Rivers (approximately
22 miles above Crockett) about 26% of this time period to reach water with salinity less than
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350 pS/em EC (about 50 mg/L chlorides), In contrasl, from 1995-2006, DSM2 simulations
suggest that barges would have to travel above the confluence approximately 56% of the time
to reach water with salinity of 330 uS/em EC.

The location of the 50 mg/L chloride isohaline during 1908-1917 approximately corresponds
to the location of X2 (2,640 pS/cm EC, or 700 mg/L chlorides) during 1995-2006 (Figure
D-9). This is equivalent to more than a 7-fold increase in salinity from the carly 1900°s to the

present day.
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Figure D-9 - Distance along the Sacramento River to Specific Salinily Values
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D.2.2. Maximum Annual Salinity Intrusion Before and After Large-
scale Reservoir Construction

Figure D-10 shows maximum salinity intrusion during 1921-1943 (pre-CVP period), prior to
the completion of the Shasta Dam of the Central Valley Project in 1945, Salinity intrusion is
presented in terms of contours of 1,000 mg/L chlorides. Figure D-11 shows the maximum
salinity intrusion during the post-CVP period of 1944-1990. These figures indicate the pre-
CVP period experienced greater salinity intrusion than the post-C'VP period, with scawater
intruding farther into the Delta during 6 of the 24 pre-CVP years (1920, 1924, 1926, 1931,
1934, and 1939) than in any of the 47 years in the post-CVP period (1944-1990).

The extreme salinity intrusion during the pre-CVP period was due, in part, to relatively low
runoff during these years. Meko ¢f al. (2001a) determined that the period from 1917 through
1936 was the driest 20-year period in the past 400 years; this long-term drought encompassed
16 of the 24 years in the pre-CVP period. In addition, estimates of unimpaired runoff from
the Sacramento River (obtained from hup://cdec.water.ca.gov/cgi-progs/iodin WSIHIST)
indicate that the Sacramento River had 6 critical water years during the 24-year period of
1920-1943, whereas, the Sacramento River had only 4 critical water years during the 47-year
period of 1944-1990.

Figure D-12 shows that the peak salinity intrusion during the pre-CVP period occurred
between mid-August and mid-September, while peak salinity intrusion during the first
portion of the the post-CVP period (1944-1960) occurred between late-July and late-August.
Salinity intrusion during the pre-CVP period was not only affected by relatively low runoff,
but also by extensive upstream diversions (DPW, 1931).

The salinity investigations of the pre-CVP era found that the extreme salinity intrusion was
larger than any previous intrusions known to local residents and concluded the intrusion was
due, in part, to the extensive upstream diversions. As observed in DPW (1931):

“Under conditions of natural stream flow before upstream irrigation and
storage developments occurred, the extent of saline invasion and the
degree of salinity reached was much smaller than during the last ten to
fiftcen years.” (DPW, 1931, page 15)

“Beginning in 1917, there has been an almost unbroken succession of
subnormal years of precipitation and stream flow which, in combination
with increased irrigation and storage diversions from the upper
Sacramento and San Joaquin River systems, has resulted in a degrec and
extent of saline invasion greater than has occurred ever before as far as
known.” (DPW, 1931, page 15)

“The abnormal degree and extent of saline invasion into the delta during
recent vears since 1917 have been due chiefly to: first, subnormal
precipitation and run-off with a subnormal amount of stream flow
naturally available to the delta, and second, increased upstream diversions
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for irrigation and storage on the Sacramento and San Joaquin River
systems, reducing the inflow naturally available to the delta. It is probable
that the degree of salinity in the lower channels of the delta and the extent
of saline invasion above the confluence of the Sacramento and San
Joaquin rivers have been about doubled by reason of the second factor,”
(DPW, 1931, page 42)

Conclusions from DPW (1931) and similar investigations have been corroborated by
paleosalinty studies (see Section 2.3), which indicate that Browns Island in the western Delta
was a freshwater marsh for approximately 2,500 years until salinity intruded in the early 20"

Century.
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1 14945
Figure D-10 - Salinity intrusion during pre-CVP period, 1921-1943 (DWR, 1995)

1921 -
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Maximum Salinity Intrusion
1944 - 1990

Figure D-11 - Salinity intrusion during post-CVP periad, 1944-1990 (DWR, 1995) )
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Figure D-12 — Salinity intrusion during 1920-1960 (DWR, 1960)
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Figure D-13 illustrates the maximum annual salinity intrusion for comparable dry years®.
Water year 1913 expericnced the least extent of intrusion, most likely because upstream
diversions were significantly less than in later years. Water years 1926 and 1932 were
subject to extensive upstream agricultural diversions, while water years 1979 and 2002 had
the benefit of the CVP and SWP to provide “salinity control”. The CVP and SWP operations
now regulate the amount of freshwater flowing through the Delta in order to prevent extreme
salinity intrusions such as those observed during the 1920"s and 19307s.
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Salimity intrusion during 1913 is estimated
based on the location of peak salinity
intrusion of 50 mg/L water as observed by ]
C&H (approximately 40 miles upsiream of el
Cruc!-u:ll on the San loaquln Rwer) To b !

ine the corresp g of
water with 1,000 mg/L chlorides, a
relationship was formed based on
maonitoring data from 1965 to 2005,

Figure D-13 — Annual Maximum Salinity Intrusion for relatively dry years
Selinity intrusion for relatively dry water years with similar total anmual wnimpaived rumaff, wsing
1000 mg/dL chiaride concentration to distinguish the extent of infrusion.

" Hydrological metries from http awaler.ca.gov/ fiodir/wsihist for ison: total 1p
Sacramento River and San Joaquin River flow for wm:'r yr.a'rs 1913, 1926, 1932, 1979, and 2002 was 15.9 MAF,
153 MAF, 19.8 MAF, 18.4 MAF, and 18.7 MAF, respectively; Sacramento River water year type index for water
years 1913, 1926, 1932, 1979, and 2002 was 6.24, 5.75, 5.48, 6.67, and 6.35, respectively: and San Joaquin River
water year type index for water years 1913, 1979, and 2002 was 2.00, 2.30, 341, 3.67, and 2.34, respectively.
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D.3. Temporal Variability of Salinity in the Western Delta

D.3.1. Seasonal Salinity at Collinsville

Collinsville, near the confluence of the Sacramento and San Joaquin Rivers, was one of the
first long-term sampling locations implemented by the State of California. The Suisun Marsh
Branch’ of the DWR estimated monthly average salinity at Collinsville for the period 1920-
2002, using a combination of 4-day TDS (total dissolved solids) grab samples from 1920-
1971 and EC measurements from 1966-2002. Data from the overlap period of 5 years
between the TDS grab samples and EC measurements were used in a statistical regression
madel, and the monthly averaged 4-day TDS samples were converted to monthly average EC
(Enright, 2004). The result of this regression analysis was a time series of monthly EC

values at Collinsville for the period of 1920-2002.
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Figure D-14 — Average Seasonal Salinity at Collinsville

" bata provided by Chris Enright (DWR), personal communication, 2007,
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D.3.2.  Effects of Water Management on Salinity at Collinsville

In order to compare the effects of water management on salinity at Collinsville, an cmpirical
maodel of salinity transport (Denton (1993), Denton and Sullivan (1993)) was used in the
following analyses. Contra Costa Water District’s salinity-outflow model (also known as the
G-maodel) estimates salinity in the western Delta as a function of NDO. Estimates of salinity
at Collinsville were derived for both actual historical flow (1930-2008) and unimpaired flow
(1922-2003) conditions.

Figure D-15 shows the estimated monthly-averaged salinity at Collinsville under unimpaired
and actual historical flow conditions. The predicted seasonal and annual variations of EC at
Collinsville are dependent on corresponding varations of NDO under both unimpaired and
actual flow conditions. Water management practices have a significant effect on the seasonal
variability of salinity at Collinsville, particularly during dry years (1930°s, 1976-1977 and
1987-1993), when Collinsville experiences a much greater range of monthly-averaged
salinity under actual historical conditions than would be the case under unimpaired
conditions,
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Figure D-15 — Estimates of Collinsville salinity using the G-model for
unimpaired and actual historical flow conditions

Historical (actual) NDO during the 1930's was relatively low, sometimes averaging about -

3,000 cfs for several months under actual conditions. The low values of NDO result in the
high variability of estimated salinity in the 1930°s under actual historical conditions.
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The effects of water management on salinity at Collinsville are highlighted in Figure D-16,
which shows the estimated salinity under actual historical conditions as a percent change
from the unimpaired conditions. The data in Figure D-16 are the change in G-model
estimates of salinity at Collinsville for the period of 1956-2003, computed as the difference
between actual and unimpaired salinity as a percent change from the unimpaired salinity.
Positive values indicate an increase in salinity under actual conditions and negative values
indicate a decrease in salinity (freshening).

From April through August, estimated median salinity under actual historical conditions is
substantially greater (more than a 100% increase) than median salinity under unimpaired
conditions (Figure D-16). For the remainder of the year, there are no substantial differences
between the estimates of median salinity under unimpaired and actual conditions. These
distributions of estimared salinity indicate that water management practices resull in
significant increase in salinity throughout the year at Collinsville.
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Figure D-16 — Estimated change in salinity at Collinsville under actual historical
conditions, as a percent change from unimpaired conditions, 1956-2003

Figure D-17 shows the estimated salinities at Collinsville under actual historical and
unimpaired conditions for just the more recent years (1994-2003). Positive values again
indicate an increase in salinity under actual conditions and negative values indicate a
decrease in salinity. The effects of water management on fall salinity are greater during this
recent period 1994-2003 than during the longer period (1956-2003), but the effects during the
recent pericd in the spring and early summer are smaller. This response reflects
implementation of the X2 regulatory requirements agreed upon in the 1994 Bay-Delta
Accord and regulated by the subsequent 1995 Water Quality Control Plan.
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Change in Salinity at Collinsville (1994-2003)
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Figure D-17 — Estimated change in salinity at Collinsville under actual historical
conditions, as a percent change from unimpaired conditions, 1994-2003

D.3.3. Fall Salinity in the Western Delta

Figure D-18 shows the average fall salinity (October-December) at three stations in Suisun
Bay and the westemn Delta (Chipps Island, Collinsville, and Jersey Point). The fall salinity
data categorized according to the pre-Endangered Species Act (ESA) period of 1964-1992
and the post-ESA period (1 993-2006)". Figure D-18 illustrates that there has been a
naticeable increase in fall salinity since the release of the ESA biological opinions for winter-
run salmon and Delta smelt in 1993, These increases oceur during normal water years, when
total annual runofT ranges from 15 to 30 MAF. During very wet years, there are large Delta
outflows and the ESA limits do not affect water operations. Similarly, during very dry years,
the biological opinions do not have a large effect on water operations because upstream
reservoir storage is low and exports from the south Delta are already small.

¥ In 1993, delta smelt and winter-run salmon were listed under the California ESA, tiggering new water
management regulations.
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Chipps Island Salinity in the Fall
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Figure D-18 - Post-ESA salinity in the Suisun Bay and western Delta

Figure D-19 shows the observed salinity at Chipps Island during the fall (October-December)
for the period of 1976-1992 (pre-ESA) and 1993-2005 (post-ESA). Fall salinity at Chipps
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Febeiity 12, 010 Exhibit CCWD-6 D-23



No comments
-n/a-

Island during normal years is now comparable to fall salinity during dry and eritical years
prior to 1994,

Average October, November, and December
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Figure D-19 - Increase in Fall Salinity at Chipps Island

D.4. General conceptual overview of salinity changes
Observed changes in seasonal salinity with time

The salinity regime in the western Delta has changed as the level of development has
increased and water project operations have changed due to regulatory requirements. The
comparison of three decades with similar hydrology in Figure D-20 presents a conceptual
illustration of the changing salinity regime in Suisun Bay and the western Delia.

Monthly-averaged salinity in the spring and summer was substantially greater from 1966
through 1975 than during the early 1900°s. However. fall and early winter salinity was lower
than the early 1900's. This reduction in salinity in the fall and early winter was likely due in
part to CVP and SWP reservoir releases for flood control purposes in the fall, which
freshened the Delta. Flood control releases during this period were large because CVP and
SWP diversions and exports were not fully developed and upstream reservoirs were ofien
above flood control maximum storage levels in the fall, entering the wet season.

Salinity during 1995 through 2004, however, exceeded the salinities in the early 1900°s
during all months, for years with similar hydrologic conditions. The dramatic increase in fall
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salinity relative to observed levels from 1966 to 1975 is accompanied by a slight decrease in
spring and summer salinity. This is likely due to minimum flow and X2 requirements
imposed by the State Water Resources Board in 1995, However, spring and summer
salinities remain much greater relative to salinity in the early 1900’s.

The range of seasonal variability during 1966-1975 was greatly reduced because the Delta
did not get as fresh as it did in the early 1900's. During the last decade, seasonal variability
has increased such that the range of salinity observed in the Delta over the course of a year is
similar to that in the early 1900's. However, salinity intrusion has moved inland relative to
the early 1900's, resulting in salticr conditions in the Suisun Bay and western Delta and a
reduction in the period when fresher water is available.

F's Saltier fall B Pre-Project {1907-1918)
1995-2005 B Early Post-Project (1966-1975)
B Recent Post-Project (1995-2005)
ﬁ Saltier spring
and summer
Earlier
2 Fresher fall ‘sallnllty
F 1965-75 intrusion
i
v

Oct  Nov Dec Jan Feb Mar A'pr May Jun  Jul Au;;' Sep

Figure D-20 — Conceptual plot of seasonal variability of salinity in Suisun Bay and the
western Delta during different water management eras

The effect of water management for wet and dry years

Water management has the largest effect during dry years when the Delta stays relatively
salty throughout the year with limited seasonal variability compared to unimpaired
conditions. As shown conceptually in Figure [3-21, during wet years the Delta freshens as
much as it would under unimpaired conditions, but the Delta does not stay fresh for as long.
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Appendix E. Qualitative Salinity Observations

The earliest written accounts of explorers were often concerned with adequate drinking
water, and salinity was generally described in qualitative terms, such as “brackish,” *fresh,”
or “sweet.” For the purposes of comparing the present-day water quality with the historical
conditions, these qualitative observations need to be quantified.

Testimony from Antioch Case (Town of Antioch v. Williams Irrigation District, 188 Cal.
451) indicated carly settlers required water with less than 100 mg/L of chloride
(approximately 525 pS/cm EC) for municipal use.” Similarly, DPW (1931) indicated that a
“noticeable™ level of salinity was 100 mg/L chloride. The current secondary water quality
standard for municipal and industrial use is 250 mg/L chloride (1,000 pS/em EC) (SWRCB
2006; US EPA 2003). This report assumes a value of 250 mg/L chloride {equivalent to 1000
uS/em EC) to be the demarcation between “fresh” (or “sweet”) water and “brackish”™ water.

E.1. Observations from Early Explorers

Table E-1 summarizes some reported observations of water quality made by early explorers
and settlers. These observations were qualitative and were most likely only a glimpse of the

ambient conditions and may not completely represent true historical water quality conditions.

Morcover, these observations were from a time period when anthropogenic effects on this
region were minimal and this region was close to natural conditions.

Table E-1 also lists the reconstructed Sacramento River annual flow (MAF) from Meko et al.
(2001b) for the year of observation and for the previous year. For reference, the average

Sacramento River flow from Meko et al. (2001b) for the period 1860-1977 is 18 MAF/yr.

Table E-1 - Qualitative salinity observations from early explorers

Year / |
Date Location Description | Reconstructed | Observer Reference
Flow [MAF]|
1775 near the sweet, the 1774725 Canizares Britton, 1987
August Sacramento- | same asina 1775719 in Fox,
San Joaquin | lake 1987b
confluence
1776 near Antioch | very clear, 1775/ 19 Font Britton, 1987
April (San Joaquin | fresh, sweet, 17764 9 m Fox,
River) and good 1987b
1776 near the sweet 1775719 Canizares Britton, 1987
September | Sacramento- 1776/ 9 in Fox,
San Joaquin 1987b
confluence

February 12, 2010

Supplement to Respondent's Answering Brief, p. 10,

Exhibit CCWD-6

No comments
-n/a-



No comments
-n/a-

Year/
Date Location Description | Reconstructed | Observer Reference
Flow [MAF]

1796 unknown salinity 1795/ 6 Hermengildo | Cook, 1960
“far 1796/ 10 Sal in TBI, 1998
upstream’ at
high tide

1811 near the sweet 1810/ 19 Abella Britton, 1987

October Sacramento- 1811/23 in Fox,

San Joaquin 1987h
confluence

1841 Three Mile brackish 1840/ 16 Wilkes Britton, 1987

August Slough north | (undrinkable) | 1841/6 in Fox 1987b

L of Emmaton

E.1.1. Fresh Conditions

Table E-1 indicates that some early explorers observed “sweel” water near the confluence of
the Sacramento and San Joaquin Rivers both in relatively wet years (August of 1775 and
October of 1811, reconstructed runoff about 19 MAF/yr) and in relatively dry years
(September of 1776, reconstructed runoff about 9 MAF/yr). Except as noted, it is unknown
whether these observations were made at high tide or low tide.

In order to provide a contex! for these anecdotal observations, present-day observed monthly
salinity (EC) conditions at Collinsville (located near the confluence of Sacramento and San
Joaquin Rivers) are ploticd against unimpaired annual Sacramento River flow in Figure E-1.
The observed data are monthly-averaged salinity (nS/cm) during August-October for the
period 1965-2005. The data for the post-ESA years (1994-2005) are shown as shaded
circles. Note that the anecdotal observations in Table E-1 are likely “one-time™ observations,
while those shown in Figure E-1 are average monthly values.
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Salimty at Collinsville (1965-2005)
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Figure E-1 - Observed salinity at Collinsville, 1965-2005

Under current management conditions, the monthly average salinity at Collinsville from
August through October is only less than 1,000 pS/cm EC (the interpretation of the “sweet”
threshold for drinking water) when the unimpaired runoff is greater than about 20 1o 25
MAF/yr (Figure E-1). This suggests cither the “sweet” threshold used in this report is too
small, or salinity at Collinsville is higher today than it was in the late 18th and carly 19th
centuries,

If the definition of the “sweet” thresheld is changed to 1,300 pS/em EC and the post-ESA
vears (1994-2005) are excluded, then the monthly-averaged salinity at Collinsville during
August-October is “fresh™ (less than 1,300 pS/em EC) when runofTis greater than 16
MAF/yr. This corresponds better to the anecdotal observations, discussed above, but
suggests a recent increase in salinity at Collinsville during moderately wet years (with runoff
between 14 and 26 MAF/yr). In 5 of the 12 post-ESA years (1997, 1999, 2000, 2003 and
2004), the water at Collinsville in October would not be considered “sweet” even under the
relaxed criterion of 1,300 pS/em EC, suggesting that October salinity under present
conditions could be greater than it was in 1811,

E.1.2. Brackish Conditions

The qualitative observations of high salinity intrusion in Table E-1 are less specific about
location. However, some of these observations have been interpreted by others (Cook, 1960,
in TBI, 1998; Fox, 1987b) to indicate intrusion as far upstream as Rio Vista. The drought
periods of 1976-1977 and 1987-1992 are similar to these periods when these qualitative
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observations were made. During 1976-1977, daily average salinity at Rio Vista exceeded
1,000 pS/cm for approximately six months of the year. During 1987-1992, salinity at Rio
Vista at high tide often exceeded 2,000 pS/em, particularly during the fall. This is consistent
with the anecdotal observations made in 1796 and 1841, which report salt water extending
into the western Delta.

Summary: Interpretation of the above observations in the context of the reconstructed
Sacramento River flows shows that the Delta is generally saltier than the historical levels for
equivalent runoff conditions and does not support the hypothesis that the present-day Delta is
managed as a freshwater system in comparison with its historical salinity regime. Morcover,
this analysis indicates that salinity in the western Delta has increased during September and
October in the recent years (post-1994 period).

[ 3 Observations from early settlers in the Western Delta

Observations from early settlers in the western Delta provide a more complete description of
salinity in the late 1800’s and early 1900°s than the observations from early explorers
discussed earlier. Assuming the early settlers inhabited a particular region for longer time
periods than the early explorers, observations from the carly settlers capture the temporal
variability betier than those from the early explorers.

E.2.1. Town of Antioch Injunction on Upstream Diverters

In 1920, the Town of Antioch filed a lawsuit against upstream irrigation districts alleging that
the upstream diversions were causing increased salinity intrusion at Antioch. The court
decision, legal bricfings, and petitions provide salinity observations from a variety of
witnesses. Although anecdotal testimony summarized in these legal briefs is far from
scientific evidence, it provides a perspective of the salinity conditions prevailing in the early
1900’s. Because the proceedings were adversarial in nature, this report focuses on the
testimony of the upstream interests, who were trying to demonstrate that salinity intrusion
was common near Antioch prior to their diverting water (prior to 1920). Consequently, the
testimony may be biased in support of this “more saline” argument. Nonetheless, these
anccdotal testimonies indicate that the western Delta was less salty in the past than it is
today. Analyses of some of the testimonics are presented below,

Case History

On July 2, 1920, the Town of Antioch filed suit in the Superior Court of the State of
California (hereinafter referred to as the “Antioch Case™) against upstream diverters on the
Sacramento River and Yuba River. A hearing for a temporary injunction began on July 26,
1920, and lasted approximately three months. On January 7, 1921, Judge A. F. St. Sure
granted a lemporary injunction, restraining the defendants “from diverting so much water
from the said Sacramento River and its tributaries, to non-riparian lands, that the amount of
water flowing past the City of Sacramento, in the County of Sacramento, State of California,
shall be less than 3500 cubic feet per second” (Town of Antioch v. Williams Irrigation
District, Supplement to Appellants” Opening Brief, p. 13).
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The defendants appealed to the Supreme Court of the State of California, which issued its
opinion on March 23, 1922. The Supreme Court reversed the lower court and withdrew the
injunction, declaring “[i]t is evident from all these considerations that to allow an
appropriator of fresh water near the outlet of these two rivers to stop diversions above so as
to maintain sufficient volume m the stream to hold the tide water below his place of diversion
and secure him fresh water from the stream at that point, under the circumstances existing in
this state, would be extremely unreasonable and unjust to the inhabitants of the valleys above
and highly detrimental to the public interests besides.”

The Supreme Court did not make any comment whatsoever on the evidence of salinity
intrusion prior to the upsiream diversions in question. The Court indicated that their decision
was based on a “policy of our law, which undoubtedly favors in every possible manner the
use of the waters of the streams for the purpose of irrigating the lands of the state to render
them fertile and productive, and discourages and forbids every kind of unnecessary waste
thereof.” (Town of Antioch v. Williams Irrigation District (1922) 188 Cal. 451). The Court
concluded that allowing 3,500 cubic feet per second (cfs) to “waste™ into the Bay to provide
less than | cfs of adequate quality water for the Town of Antioch would constitute
unreasonable use of California’s limited supply of water.

The court did not base their decision on historical salinity observations at Antioch, which
indicate that Antioch was able to divert freshwater at low tide at all times from 1866 to 1918,
except possibly for some fall months during some dry years (Section 3.1).

E.2.2. Salinity at Antioch — then and now

In the present day, the City of Antioch maintains a municipal water intake on the San Joaquin
River at Antioch. As a general operating rule, the City of Antioch pumps water from the
river when salinity at the intake is less than 1,000 pS/cm EC. Salinity varies substantially
with the tide; generally the greatest salinity is observed near high tide and the lowest salinity
is observed at low tide. Figure E-2 shows that salinity in the San Joaquin River at Antioch is
highly variable and is dependent on tidal conditions and season. Figure E-2 indicates that for
water year 2000 (an above-normal water year) the City of Antioch could pump water all day
for about four and half months (early February through mid-June) and could pump fora
portion of the day at low tide for another three and half months (mid-Tune through
September). For the ining four months (October-January), water at Antioch’s intakes
exceeded 1,000 pS/em EC for the entire day, regardless of tidal phase.

Testimony from multiple witnesses in the Antioch Case indicates that fresh water was always
available in the San Joaquin River at Antioch at low tide until just prior to 1920. Antioch’s
legal position was that fresh water was always available before upstream development. In
cross-examination of Antioch’s witnesses, the upstream irrigators demonstrated that brackish
conditions did occasionally exist at high tide.
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Figure E-2 — Salinity variations in the San Joaquin River at Antioch, water year 2000

Figure E-3 shows the distribution of low tide salinity (salinity during the freshest 4 hours of’
cach day) for the period of May 1, 1983 through September 30, 2002, " These data indicate
that, on average (in 50% of the water years), low tide salinity exceeds 1.000 pS/em EC from
late-August through December. The data in Figure E-3 provide context for the qualitative
observations from the Antioch Case. During the driest 25% of the years (5 out of 20 years),
low tide salinity exceeds 1,000 pS/em EC from June through January, leaving the Antioch
intake with no fresh water for eight months of the year.

Under average conditions corresponding to the period 1983-2002, Antioch would have o
stop pumping from late August to late December in 10 of the 20 years; i.e., they would have
an average of eight months of low-tide pumping per year, compared to the pre-19135 average
of twelve months per year (based on the anecdotal information filed by the Appellants
(upstream diverters) in the Antioch Case).

" Data Source: Interagency Ecological Program, HEC-DSS Time-Senics Databases, Station RSAN0OOT. Agency:
DWR-ESQ-11485C. Measurcment: |-hour EC. Time Range: May I, 1983 through September 30, 2002
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Figure E-3 — Seasonal Distribution of low-tide salinity at Antioch, 1983-2002

Conclusions

The window, when Antioch is able to pump water with salinity less than 1,000 uS/icm
EC, has substantially narrowed in the last 125 years.

Antioch was apparently able to pump fresh walter at low tide year-round in the late
1800’s, with the possible exception of the fall season during one or two dry years.

During 10 of the 20 years between 1983 and 2002, salinity was less than 1,000 uS/em EC
at low tide for anly about cight months of the ycar,

During the driest 5 years between 1983 and 2002, salinity was less than 1,000 pS/cm for
only about four months per vear: i.e., no fresh waler was available at any time of the day
for abour eight months of the year.

E.2.3. Salinity at Kentucky Point on Twitchell Island - then and now

The appellants in the Antioch Case, representing the upstream diverters, identified one
resident of Twitchell Island who reported the water at Kentucky Landing was brackish on
“one or two oceasions™ between 1870 and 1875 during August and September. During this
time, he had to travel up the San Joaguin River to Seven Mile Slough (the eastern boundary
of Twitchell Island) and sailed as far as the mouth of the Mokelumne River {(approximately 2
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miles further up the San Joaquin River than the Seven Mile Slough junction) to obtain fresh
drinking water.

For comparison, we look at salinity monitoring data in that region for 1981 and 2002 to see
the location of potable water.'! The source document (Town of Antioch v. Williams
Irrigation District, 188 Cal. 451) for the 1870’s drought uses up to 100 mg/L chloride
concentration as the threshold for a potable water supply. Monitoring data from 1981 shows
similar salinity intrusion as described by the Twitchell Island resident; salinity along the San
Joaquin River at Bradford Island (about 1.5 miles upstream of Three Mile Slough) exceeded
1,000 pSfem EC (about 250 mg/L CI) during August and September. During the same time
period, salinity was around 400 pS/cm EC (about 64 mg/L C1) approximately 5 miles
upstream on the San Joaquin River between Seven Mile Slough and the Mokelumne River.
This comparison indicates that the extent of salinity intrusion in 1981 is similar to that which
occurred in 1870 and 1871,

Similarly, in September 2002, the salinity in the San Joaquin River at San Andreas landing
(less than 2 miles downstream of the Mokelumne River mouth) peaked at 977 pS/em EC,
which corresponds to approximately 225 mg/L chloride concentration. Therefore, if the
observer was to travel upriver for potable water in 2002, they would have likely traveled up
to the mouth of the Mokelumne River as they did in 1870. Salinity intrusion in critically dry
years is even farther into the Delta than was found in 2002.

In conclusion, salinity intrusion up the San Joaquin River during the dry years of 1870 and
1871 as described by a Twitchell Island resident is consistent with salinity intrusion in 1981
and 2002 under similar hydrological conditions. There is no evidence that salinity intrusion
during the drought of 1870-71 was more extensive than salinity intrusion during similar
walter years in the current salinity regime.

' 19%1 and 2002 were both dry water years in the Szcramento River basin as defined in D-1641 with similar annual
unimpaired Sacramento River flow to the years 1870 and 1871, Annual unimpaired Sacramento River flow in 1870,
1871, 1981, and 2002 was 11 MAF, 10 MAF, 11 MAF, and 14 MAF, respectively.
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Foreword - Establishing the Historical Baseline

The watershed of the Sacramento—San Joaquin Delta (Delta) provides drinking water to
more than 23 million Californians as well as irrigation water for millions of acres of
agriculture in the Central Valley. The Delta itselfis a complex estuarine ecosystem, with
populations of many native species now in serious decline. The Delta estuary as we know it
began to form about 6,000 years ago, following the end of the last ice age. Because the
estuary is connected to the Pacific Ocean through San Francisco Bay, seawater intrusion
causes the salinity of Suisun Bay and the Delta to vary depending on hydrological
conditions. This seawater intrusion into the Delta affects estuarine species as well as
drinking water and irrigation water supplies.

Successful restoration of the Delta ecosystem requires an understanding of the conditions
under which native specics evolved. Contra Costa Water District’s report on “Historical
Fresh Water and Salinity Conditions in the Western Sacramento-San Joaguin Delta and
Suisun Bay” presents a detailed review of more than 100 years of studies, monitoring data,
scientific reports, and modeling analyses that establish an historical record of the salinity
conditions in the Western Delta and Suisun Bay.
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Executive Summary

The historical record and published studies consistently show the Delta is now managed at a
salinity level much higher than would have occurred under natural conditions. Human
activities, including channelization of the Delta, elimination of tidal marsh, and water
diversions, have resulted in increased salinity levels in the Delta during the past 150 years.

Eighty years ago, Thomas H. Means wrote (“Salt Water Problem, San Francisco Bay and
Delta of Sacramento and San Joaguin Rivers,” April 1928, pp 9-10):

“Under natural conditions, Carquinez Straits marked, approximately, the
boundary between salt and fresh water in the upper San Francisco Bay and
delta region of the two tributary rivers—the Sacramento and San Joaquin.
Ordinarily salt water was present below the straits and fresh water was
present above. Native vegetation in the tide marshes was predominately of
salt water types around San Pablo Bay and of fresh water types around
Suisun Bay....

The definite statement that salt water under natural conditions did not
penetrate higher upstream than the mouth of the river, except in the driest
years and then only for a few days at a time, is warranied....

At present [1928] salt water reaches Antioch every year, in two-thirds of
the years manning further [sic] upstream. It is to be expected that it will
continue to do so in the future, even in the years of greatest runoff. In
other words, the penetration of salt water has become a permanent
phenomenon in the lower river region,

The cause of this change in salt water condition is due almost entirely to
the works of man.”

In 1928, Thomas Means had limited data over a short historical period from which to draw
these conclusions. Nonetheless, his conclusions remain accurate and have been confirmed by
numerous subsequent studies, including paleosalinity records that reveal salinity conditions
in the western Delta as far back as 2,500 years ago. The paleosalinity studics indicate that
the last 100 years are among the most saline of periods in the past 2,500 years,
Paleoclimatology and paleosalinity studies indicate that the prior 1,500 years (going back to
about 4,000 years ago) were even wetter and less saline in 8an Francisco Bay and the Delta.
The recent increase in salinity began after the Delta freshwater marshes had been drained,
after the Delta was channelized and after large-scale upstream diversions of water, largely for
agricultural purposes, had significantly reduced flows from the tributarics into the Delta. It
has continued, even after the construction of reservoirs that have been used in part to manage
salinity intrusion.
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Studies and salinity measurements confirm that despite salinity 1 B efforts, Delta
salinity is now at or above the highest salinity levels found in the past 2,500 to 4,000 years.
Under equivalent hydrological conditions, the boundary between salt and fresh water is now
3 to 15 miles farther into the Delta than it would have been without the increased diversions
of fresh water that have taken place in the past 150 years.

Reservoir operations artificially manage salinity intrusion to conditions that are saltier than
had been experienced prior to the early 1900°s. While these managed conditions are
certainly fresher than would oceur in today’s altered system if operated without any salinity
management, they are still saltier than what the Delta experienced under similar hydrological
conditions in the past. While the Delta is being managed to a somewhat acceptable saline
condition to meet many beneficial uses, it is still managed at a2 more saline condition than
would have occurred prior to the anthropogenic changes of the past 150 years.

For example, the 1928-1934 drought was one of the driest periods in the past 1,000 years
(Meko ef al., 2001a), and occurred after tidal marshes within the Delta had been reclaimed
and water diversions began removing substantial amounts of fresh water from the Bay-Delta
system. Nonetheless, the Delta freshened during the winter in those drought years. This
winter freshening of the Delta has not occurred during recent droughts. While salinity
intrusion into the Delta was previously only seen in the driest years, significant salinity
intrusion now occurs in nearly every year — exceptions are only found in the wettest
conditions.

Changed Variation in Salinity

The variability of fresh and saline conditions in the Delta has considerably changed because
of upstream and in-Delta water diversions and water exports (Enright and Culberson, 2009).
This change in variability results largely from the lack of fresh conditions in Suisun Bay and
the western Delta, especially in the winter and spring. Restoring a variable salinity regime
that more closely approximates conditions prior to the early 1900’s would require much
higher flows and much fresher conditions than current management practices provide, with
larger outflows in the fall in most years and much larger outflows in the late winter and
spring in all years.

Key Conclusions

The major conclusions of this study are:

1. Salinity intrusion during the last 100 years has been among the highest levels over the
past 2,500 years. The Delta has been predominantly a freshwater tidal marsh for the last
2,500 years.

2. Human activities during the last 150 years, including channclization of the Dclta,
elimination of tidal marsh, construction of deep ship channels, and diversion of water,
have resulted in the increased salinity levels in the Delta.
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3. Conditions in the Delta during the early 1900°s were much fresher than current -n/a -
conditions for hydrologically similar periods. Salinity typically intrudes 3 to 15 miles
farther into the Delta today.

4. The historical record and published studies uniformly demonstrate and conclude the
Delta is now managed at a salinity level that is much higher than would have occurred
under pre-1900 conditions. Operation of new reservoirs and water diversion facilities for
salinity management reduces salinity intrusion somewhat, but the levels still exceed pre-
1900 salinities.

5. Seasonal and inter-annual variation in salinity has also been changed; however, this
change is largely the result of reduced freshwater flows into the Delta. At any given
location in the western Delta and Suisun Bay, the percentage of time during the year
when fresh water is present has been greatly reduced or, in some cases, largely
eliminated.

Background

Flows and water quality in the Sacramento-San Joaquin Delta (Delta) are strongly influenced
by freshwater inflow from the rivers, by the tides in San Francisco Bay and by salinity from
Bay waters. Prior to human influence, the historical distribution of salinity in the Delta was
controlled primarily by the scasonal and inter-annual distribution of precipitation, the
geomorphology of the Bay and Delta, daily tides, the spring-neap' tidal cycle, and the mean
sea level at Golden Gate. Extended wet and dry periods are both evident in the historical
record. Since about 1860, a number of morphological changes to the Delta landscape and
operational changes of reservoirs and water diversions have affected flows and the
distribution of salinity within the Delta.

Between 1860 and 1920, there was significant modification of the Delta by humans:
(i)  marsh land was reclaimed,

(ii) hydraulic mining caused extensive deposition and then erosion of sediment, and,
(1ii) Delta channels were widened, interconnected and deepened.

Large-scale reservoir construction began in about 1920 and continued through the 1970°s,
changing the timing and magnitude of flows to the Delta. Large volumes of water began to
be diverted for agricultural use upstream of and within the Delta in the same time period. In
more recent times, California’s Delta water resources have been extensively managed to
meet the water supply needs of the State’s municipal, industrial, and agricultural water users,
with altempts made to also provide flow and water quality conditions to meet fishery needs.

Proposals for significant additional alteration of the Delta and of flows within the Delta are
currently being developed as part of the Bay-Delta Conservation Plan process”. To

! During a spring tide, the gravitational forces from the sun and meon are largely the same direction and
the high-low tidal range is greatest. During a neap tide, the gravitational forces sun and moon are largely
not aligned and the tidal range is the lowest. The spring-neap tidal cycle, from strong spring tides through
weak neap tides and back lo spring tides, in San Francisco Bay has a period of about 14 days.

? www baydeltaconservationplan com
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understand the effect of those proposals, it is important to accurately establish historical -n/a -
conditions. For example, for ccological restoration to be successful, it is necessary to

establish and understand the conditions to which native species have previously adapted and

survived in order to predict their response to future changes in climate or water management.

This report uses available data and modeling to examine the consequences of structural

changes in the Delta (channelization, channel dredging), increased diversions of water

upstream of the Delta. reservoir operations, climate and sea level effects, and other factors on

Delta salinity.

Objective

The objective of this report is to answer two major questions regarding the historical extent
of fresh water and salinity in the western Delta and Suisun Bay:

I.  What was the extent of fresh water and what were the salinity conditions prior to large-
scale reservoir operations and water diversions (i.e., prior to early 1900°s) and prior to
structural changes in the Delta (i.e., prior to the 1860°5)7

1. What are the effects of large-scale water management practices (reservoir operations and
diversions) on salinity conditions in the western Delta and Suisun Bay?

Approach

Available data were used to characterize historical and present-day fresh water extent and
salinity intrusion into the Delta. The data examined in this report include paleohistorical
records (over geologic time scales) of river Mow and salinity (Section 2), instrumental
observations of hydrology and salinity (Section 3), and literature reports on the extent of
fresh water in the Delta (Section 4). Additional details and supplemental information are
presented in the Appendices to this report.
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Introduction

1.1. Background

The Sacramento-San Joaquin River Delta (Delta) is fed by fresh water from the Sacramento
River and the San Joaquin River basins (Figure 1-1). The Delta is connected to the San
Francisco Bay through Suisun and San Pablo Bays, and the movement of water back and
forth between the Delta and the Bay results in mixing between saline water from the Pacific
Ocean and fresh water from the rivers flowing into the Delta. The extent to which salty
ocean water intrudes into the Delta is a function of natural processes such as ocean tides and
precipitation and runoff from the upstream watersheds. Tt has also been greatly influenced by
anthropogenic activities (c.g. construction of artificial river channels, removal of tidal marsh,
removal of floodplain connections to channels, deepening of channels for navigation
purposes, reservoir storage and release operations, and water diversions).

Proposals for significant additional alteration of Delta channels and marshland, of flows
within the Delta, and of reoperation of upstream reservoirs are currently being developed as
part of the Bay-Delta Conservation Plan, which builds upon carlier work by the Delta Vision
Blue Ribbon Task Force®, and others (e.g., sec Lund ef al., 2007). To understand the context
and effect of those proposals, it is important to accurately understand the historical conditions
previously experienced by Delta species.

An analysis of the salinity trends and variability in northern San Francisco Bay since the
1920’5 and the factors controlling those salinity trends has recently been published (Enright
and Culberson, 2009), with a focus on a comparison of pre-1968 salinity and flows with post-
1968 conditions. This report includes analysis and review of reports, data and information
from the period prior to Enright and Culberson’s analysis, and includes the review of salinity
trends using paleohistorical data.

Historically, reproduction of most species in the Bay-Delta (biotic production phase)
occurred during the high-flow periods (winter and spring) and biotic reduction occurred in
the low-flow periods (summer and fall) (Baxter et al., 2008). Multi-year wet periods most
likely resulted in population increases, whereas drought periods likely resulted in reduced
reproduction and increased predation. The recent report on Pelagic Organism Decline (POD,
Baxter ef al., 2008) indicated that reduced flow variability under the current water
management conditions may have exacerbated the effects of predation on the population
abundance of pelagic fish species in the Bay-Delta estuary. Native species of the Bay-Delta
system adapted to the historical salinity conditions that occurred prior to large-scale water
management practices and physical changes in the Delta. The historical salinity conditions in
the Delta provide insight into the response of fish species to proposed ecosystem restoration
actions, and the response of species to future changes in climate or water management.

! Delta Vision Blue Ribbon Task Force was appointed by California Governor Amald Schwarzenegger in February

2007 and adopted the Delta Vision Strategic Plan in October 2008,
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Figure 1-1 - Map
fu) Topographical map of California, with outlines of the Sacramento River, San Joaquin River, and
Tulare Lake basins, purple rectangle indicates the extent of the inset in panel (b). (b) Sacramenio —
San Joaguin Delta and Swisun Bay region; green rectangle indicates the exient of the Western Delia
and Suisun Bay enlarged in panel (c). (c) Extent of salinity evaluations considered within this study,
inchuding names of locations referenced throughout this report.
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The salinity concentrations in San Francisco Bay and the Delta are the result of tides that -n/a -
move seawater into the system and are controlled in large part by the amount of fresh water

passing through the system (Denton, 1993; Uncles and Pelerson, 1996; Knowles et al.. 1998).

The salinity distribution is driven by the motion of the tides, which convey ocean water into

the system on the flood tide and draw a mixture of ocean and river water back out again on

the ebb tide. These tides act on natural diurnal (repeating twice per day) and spring-neap

(repeating cvery 14 days) cycles driven by the gravitational forces of the sun and moon

{Oltmann and Simpson, 1997; Burau et al.. 1999).

Other factors affecting Bay-Della salinity (discussed in Appendix A) may be smaller but are
not insignificant. When comparing historical salinity conditions in the Bay-Delta watershed,
it is often helpful to compare periods with similar hydrological conditions so that the changes
due to other factors can be discerned. This will reveal if there is an anomalous change in
salinity, even if the specific cause of that change in salinity is not known.

Major anthropogenic modifications to the Delta that affect salinity intrusion began with the
European settlement of the region and can be classified into two categories: physical
maodifications of the landscape (e.g., removal of tidal marsh, separation of natural floodplains
from valley rivers, construction of permanent artificial river channels, and land-use changes)
and water management activities (e.g. diversion of water for direct agriculture, municipal, or
industrial use, and reservoir storage and release operations).

As shown in Figure 1-2, tidal marsh acreage in the Delta decreased significantly from nearly
346,000 acres in the 1870’ to less than 25,000 acres in the 1920’s and has since continued to
decrease. Even after hydraulic mining for gold was banned in California in 1884, large
quantities of mining debris continued to be carried by runofT into the Delta, where it was
deposited as sediment, filling channels in the Delta and Suisun Bay. Between 1887 and
1920, Suisun Bay became an erosional environment and continued to lose sediment through
1990. Enright and Culberson (2009) discuss the effects of the changes in Suisun Bay
bathymetry on salinity intrusion. Major dredging projects on the main Delta channels to
create the Stockton and Sacramento Deep Water Ship Channels (DWSC) have also changed
how flows and, thercfore, salinity arc distributed throughout the Delta,

Each of these [actors has changed the salinity regime: loss of tidal marsh lands has allowed
increased tidal energy deeper into the Delta, increasing tidal flows and salinity dispersion
(Enright and Culberson, 2009), net erosion and increasing depth within Suisun Bay likely
increased dispersive transport of salt up the estuary (Enright and Culberson, 2009), and
deeper channels allow increased salinity intrusion due to increased baroclinic eirculation and
increased tidal flow and dispersion..

However, these physical modifications generally have had less effect on salinity intrusion in
the Delta than the major water management activities that have resulted in large-scale
diversion of water for reservoir storage and agriculwral, domestic, and industrial water use
(Nichols er al, 1986; Knowles, 2002). As will be seen in data presented in this document,
early diversions before large-scale storage projects resulted in greatly increased salinity
intrusion, especially in the summer irrigation season, peaking in September. Later, reservoir
operations reduced salinity intrusion in the summer and fall, but increased it in the winter and
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spring, up until the mid-1980’s. Subsequent water operations have resulted in increased
salinity intrusion year round

B San Francisco Bay
B 5an Pablo Bay

190 Suisun Bay

Drelta

Tidal Marsh Acreage

Thousand Acres
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Figure 1-2 — Chronology of anthropogenic modifications to the Bay-Delta landscape
Bay-Delta landscape has undergone significant changes since the mid-1800's. Tidal marsh acreage
ftop panel) has been significantiy reduced (data from Arwarter, et al., 1979). Suisun Bay received a
pulse of sediment from hydraulic mining in the late 1800's fmiddle panel), but lost sediment from 1887
o 1990 felata from Cappiella et al., 1999). Nunterows efforts to widen and deepen the main channels
within the Delia have occurred throughout the 20" Century (bottom panel).

The largest reservoir of the federal Central Valley Project (CVP), Lake Shasta, was
completed in 1945, and the largest reservoir of the State Water Project (SWP), Lake Oroville,
was completed in 1968, Total upstream reservoir storage capacity increased from | MAF in
1920 to more than 30 MAF by 1979, The CVP began exporting water from the southern
Delta through Jones Pumping Plant (formerly known as the Tracy Pumping Plant) in 1951,
and the SWP began exports through Banks Pumping Plant in 1968. By 1990, the combined
export of water from the southern Delta through the Banks and Jones Pumping Plants was
about 6 MAF per year.

Figure 1-3 shows that the greatest increase in upstream reservoir storage occurred from the
1920’s through the 1960's. Prior to the construction of major water management reservoirs,
irrigated acreage grew to about 4 MAF. The construction of the reservoirs allowed irrigated
acreage to increase to about 9 MAF. Since 1951, when the first south Delta export facility
was completed, annual diversions from the Delta have increased to a maximum of about §
MAF; total annual diversions from the system arc estimated at up to 15 MAF.
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Figure 1-3 — Chronology of anthropogenic activities that affect water management
Reservoirs {top panel) and irvigated crops in the Central Valley (second panel) alter the timing and
magnitude of water flow fo reach the Delie. Diversions and exports within the Delia (third panei)
Siwrther reduce the amenent of water to flow through the Delra 1o Sutsun Bay. Regulations (botiom
panel) requtire fii ions (o water activities 1o meet specific low and water guality
objectives,

Figure 1-3 also presents the timeline for recent regulatory milestones that have affected Delta
water gquality, Salinity was dominated by water quality standards to protect
Delta agriculture and municipal and industrial (M&I) uses in the 1978 Water Quality Control
Plan and State Water Resources Control Board (SWRCB) Decision 1485. The Bay-Delta
Accord of 1994 and subsequent SWRCB Water Rights Decision 1641 made fishery
protection the dominant factor for salinity management with new estuarine habitat or “X2
Standards™" from February through June, with minimum outflows for the remainder of the

+ X2 is the distance, in kilometers from the Golden Gate, to the location of the 2 part per thousand salinity line. A
larger X2 means salinity has intruded farther into the Delta.
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year. The relationship between X2 and estuarine habitat is discussed in detail in Jassby et al.
(1995).

These regulations apply throughout the year and have modified how the large-scale water
management reservoirs and export facilities are operated. For instance, delta smelt was listed
as a threatened species under the federal Endangered Species Act in 1993, and Sacramento
River winter-run salmon was listed as endangered in 1994, The subsequent biological
opinions, 1994 Bay-Delta Accord, and the adoption of a new water quality control plan by
the State Water Resources Control Board in 1995, required increased reservoir releases in
some months for lemperature control in the Sacramento River below Shasta and for salinity
control in Suisun Bay. They also applied additional limits on pumping at the export facilities
in the south Delta.

Changes in water diversions and reservoir operations have altered the magnitude and timing
of river flows to the Delta, and anthropogenic modifications to the Delta landscape have
altered the interaction of fresh water from the rivers with salt water from the ocean, thus
changing patterns of salinity intrusion into the Delta.

1.2. Comparing Historical Conditions

Flow and salinity conditions prior to human interference varied according to seasonal and
annual hydrological conditions, short-term and long-term drought cycles and other natural
changes, so “natural” conditions include variability that must be considered in any analysis.
Hydroclimatic variability is deseribed by “unimpaired” runoff, which represents the natural
water production of a river basin, unaltered by water diversions, reservoir storage and
operation, and export of water to or import of water from other basins.

As discussed above, large-scale water management operations during the last 100 years
superimposed on the anthropogenic madifications to the Delta landscape have significantly
hanged Delta liti 1t is possible to remove the effect that water management
operations have had on flows and generate a corresponding set of unimpaired flows.
However, it is not possible, without complex assumptions and modeling, to also remove the
additional effect of the land use, channel and tidal marsh modifications to the Delta.

The historical conditions presented in this report have been determined from records in
paleoclimatic fossils and measured directly with various scientific instruments. The
paleoclimatic data start well before human influence, but continue through the 20" Century
when anthropogenic modifications became significant.

Because of the natural hydroclimatic variability, no past historical period may fully represent
“natural” conditions. Therefore, this report summarizes the available historical salinity
information with reference to the time period of the observations, and then compares each
period to the salinity regime during present day periods with similar upstream unimpaired
hydrology. Where there are significant changes in salinity, despite similar upstream
unimpaired hydrology, other factors such as landscape modifications and water management
operations must be contributing factors.

Exhibit CCWD-6 February 12, 2010

No comments
-n/a-



No comments

-n/a -
1.3. Objective

The objective of this report is to answer two major questions regarding the historical extent
of fresh water and salinity in the western Delta and Suisun Bay:

1. What was the extent of fresh water and what were the salinity conditions prior to large-
scale reservoir operations and water diversions (i.e., prior to early 1900's) and prior to
structural changes in the Delta (i.e., prior to the 1860°s)?

II. What are the effects of large-scale water management practices (reservoir operations
and diversions) on salinity conditions in the western Delta and Suisun Bay?

1.4. Report Structure
The remainder of this report is organized as follows:
Section 2: Paleoclimatic Evidence of the Last 10,000 Years

Estimated river flow data and salinity records for the past several thousand years have been
obtained from paleoclimatic records, such as tree rings and sediment cores. These records
capture the hydroclimatic variations over decadal and centennial time scales and are useful
tools in understanding the freshwater flow and salinity regimes before modern
instrumentation.

Section 3: Instrumental Observations of the Last 140 Years

Long-term precipitation and river runoff records from the 1870°s to the present provide
context for the salinity observations. Climatic variability of precipitation and runoff in the
upper watershed has a significant influence on salinity intrusion, with greater salinity during
dry periods and lower salinity during wet periods. 1f, for example, the salinity is greater or
less than what would be expected based on the natural climatic variability, as measured by
unimpaired runof¥, other factors must be influencing salinity intrusion.

Reservoir operations, diversions and consumptive use (collectively termed “water
management”) alter the amount of runoff from the upper watershed that actually flows out of
the Delta. Observations and common computer models are used to assess the effects of this
water management on Net Delta Outflow (the net quantity of water flowing from the Delta to
the Suisun Bay) and on salinity in the western Delta and Suisun Bay. Observations include
measurements of salinity indicators by the California & Hawaiian Sugar Refining
Corporation (C&H) from the early 1900’s and long-term monitoring data from the
Interagency Ecological Program (IEP). Modeling tools include the DAYFLOW program
from 1EP, the DSM2 model from the California Department of Water Resources, the x2°5

* X2 is defined as the distance from the Golden Gate to the 2 part-per-it 1 isohaline (equivalent to a salinity of
2 grams of salt per kilogram of water), measured along the axis of the San Francisco Estuary. X2 is often used as
an indicator of freshwarter availability and fish habitat conditions in the Delta (Jassby et aol., 1995, Monismith,

1998),
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equation (Kimmerer and Monismith, 1992) and Contra Costa Water District’s salinity
outflow model (also referred to as the G-model) (Denton, 1993; Denton and Sullivan, 1993).

Section 4: Qualitative Observations of Historical Freshwater Flow and Salinity
Conditions

Qualitative ohservations on salinity conditions in the western Delta and Suisun Bay from an
early water rights lawsuit and from various literature reports are discussed to provide a
perspective of the salinity conditions prevailing in the late 1800's and carly 1900°s. The
1920 lawsuit filed by the Town of Antioch against upstream irrigation districts alleged that
the upstream water diversions were causing increased salinity intrusion at Antioch (Town of
Antioch v. Williams Trrigation District, 1922). Briefings and testimony from the legal
proceedings are indicative of the salinity conditions prevailing in the early 1900°s, as are
literature reports of conditions in the western Delta and Suisun Bay. These reports contain
both qualitative observations and anecdotal information regarding historical salinity
conditions. Because the proceedings were adversarial in nature, this report focuses on the
testimony of the upstream interests, who were trying to demonstrate the extent of salinity
intrusion in the Delta prior to their diverting water. Note that the Supreme Court did not base
its final decision on the evidence of whether or not Antioch had continuous access to fresh
water. The Court’s decision was based on the State policy to irrigate as much land as
possible for agriculture; the Court did not pass judgment on the aceuracy of the testimony of
either side.

Section 5; Conclusions

This section synthesizes the findings from Sections 2 through 4 and presents the overall
conclusions regarding trends in the historical Delta salinity.
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2. Paleoclimatic Evidence of the Last 10,000 Years

Paleoclimatic evidence from the watershed of San Francisco Bay (Bay) and Sacramento-San
Joaquin Delta (Delta), obtained from proxy information such as tree rings and sediment
deposits, provides a history of conditions before modern direct instrumental observations.
Evidence of major regional climatic events that represent long-term wet period and drought
cyeles will be discussed, followed by discussions of Delta watershed runoff and Delta
salinity, as measured by flow and electrical conductivity instrumentation.

2.1. Major Regional Climatic Events

The modern Bay-Delta is relatively young in terms of geologic timescales. The estuary
started forming around 8,000 to 10,000 years ago (Atwater ef al. 1979), when rapid sea level
rise allowed the ocean to enter the Golden Gate. At this time, there was no Bay or Delta, but
simply river valleys. Rapid sea level rise continued, such that approximately 6,000 years
ago, the outline of San Franeisco Bay, including San Pablo Bay and Suisun Bay, resembled
the modemn extent. At about the same time, sea level rise slowed to a more moderate pace,
allowing tidal marshes to begin to form.

Malamud-Roam er af. (2007) review paleoclimate studies in the Bay-Delta watershed,
summarizing evidence of climate variability through the development of the present day Bay-
Delta system (Table 2-1).

Table 2-1 — Climate during the evolution of the Bay-Delta estuary
Overview of precipitation, temperature, and sea level conditions during the last 10,000 years based on
data from Malamid-Roam et al. (2007) and Meko et al. (2001). Time periods ave given in terms of
number af years ago (represented as age, a: or ka for 1,000 vear age) and the Common Era (BCE/CE)
calendar system. The shading indicates relatively dry periads

Approximate = 2
7{"1{:1-9 Period Prevailing Climate and Geomorphology
10 kato 8 ka * Rapid sea level rise

8000 BCE to 6000 BCE = Ocean enters Golden Gate
®  San Francisco Bay is just a river valley
= Cooler than 20th Century, but becoming warmer and

drier
bkatoSka *  Sea level rise slows to more moderate pace
4000 BCE to 3000 BCE = OQutline of San Francisco Bay resembles modern
extent

= Tidal marsh begins to form in the Delta

= Temperature reaches a maximum of the last 10,000
years

= Relatively dry conditions

= Central Valley floodplain system began to develop
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Approximate G . §
Time Period Prevailing Climate and Geomorphology
4kato2ka = Cooling trend with increased precipitation

2000 BCEto 1 CE = Large flood occurred ~ 3,600 years ago (1600 BCE)

2 kato 0.6 ka *  Trend to more arid, dry conditions
1 CE to 1400 CE * Severe droughts:
= 1,100 to 850 years ago (900 CE to 1150 CE)
® 800 to 650 years ago (1200 CE to 1350 CE)
Relatively cool and wet conditions
MNumerous episodes of extreme flooding
Includes “Little lee Age™ (1400 CE to 1700 CE)
90at 50a Dry period in the Sacramento River Basin.
1910 CE to 1950 CE = Longest dry period in the last 420 years
(34 vears centered on the 1930°s)
= Driest 20-year period in the last 370 years
(1917 CE 10 1936 CE)

O.6kato 0.2 ka
1400 CE to 1800 CE

A number of scientific studies have used paleo-reconstruction techniques to obtain long-term
(decadal, centennial and millennial time scale) records of river flow (e.g., Earle, 1993; Mcko
et al , 2001) and salinity of the Bay and Delta (e.g., Ingram and DePaclo, 1993; Wells and
Goman, 1995; Ingram ef al , 1996; May, 1999; Byme ef al.. 2001; Goman and Wells, 2000;
Starratt, 2001; Malamud-Roam and Ingram, 2004; Malamud-Roam er al., 2006; Malamud-
Roam et al., 2007; and Goman ef al., 2008). The reconstructions described in the following
sections focus on the 2,000 years before present. As indicated in Table 2-1, this period was
relatively dry with two extreme regional droughts, followed by relatively cool and wet
conditions during the “Little Ice Age,” then by a retum of dry conditions at the early part of
the 20™ Century.

2.2, Reconstructed Unimpaired Sacramento River Flow

Meko et al. (2001a.b) used tree-ring chronologies in statistical regression models to
reconstruct lime series of annual unimpaired Sacramento River flow” for approximately the
past 1,100 years (for the period 869 CE — 1977 CE). As discussed in Section 1.2, unimpaired
flow is an estimate of the flow that would occur in the basin without the effects of water
management activities.

The 1,100-year record shows strong variability between individual water years (Figure 2-1),
with annual flow ranging from approximately 8% of average to 265% of average, where
average is defined here for practical purposes as the average observed unimpaired flow from

© Meko ef af. (20012) used the annual unimpaired flow record for the Sacramente River provided by the Department
of Water Resources, which is the sum of the following: flow of the Sacramento River at Bend Bridge, inflow of
the Feather River to Lake Oroville, flow of the Yuba River at Smartville, and the flow of the American River to
Folsom Lake. This definition is consistent with the definition typically used in hydro-climatic studies of this
region (e.g.. hitp://edec.waler.ca.gov/cgi-progs iodi/ WSITHIST )
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1906 to 2009 of 18 million acre-feet per year (MAF/yr). The reconstructed record shows
alternating periods of wet and dry conditions and is consistent with historical droughts (such
as the drought in the Mono Lake region of California in the medieval period, around 1150
CE) reported by other paleoclimate studies (Mal I-Roam ef al., 2006).

As indicated by the shading in Figure 2-1, the driest long-term drought in the Sacramento
River basin in the last 1,100 vears occurred from approximately 1130 CE to 1415 CE when
the S0-year average flow was seldom above normal for nearly 300 years. Following this
drought, conditions were relatively wet (from approximately 1550 CE to 1900 CE). The

timing of these droughts and wet periods will be compared to paleosalinity records in the
following section.

250 n
Annual Runoff
=—S50-year Running Average Runoff
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* Average of 1906-2009 Observed RunefT is 18 MAF/yr.

Figure 2-1 — Reconstructed annual unimpaired Sacramento River flow 869 CE to 2009 CE
Annual reconsiructed unimpaired Sacramenta River flow (grey line) as a percentage of the average
amual observed runaff from 1906 to 2009 shows strong variability between years. The S-year
running average (thick black line) illustrates there were extended periods of above-normal and below-
narmal runoff conditions. The orange shading highlights an extended dry period in the reconsiructed
wnimpaired Sacramento River data when the Sil-year average flow is seldom above normal for nearly
300 vears. Data for 869 CE to 1905 CE were reconsiructed by Meke et al. (2001b); data for 1906 CE
10 2009 CE ave observed records from the California DWR (2009).
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Mcko er al. (2001a) indicated that for their 1,100-year reconstructed period, the 1630-1977
data are more reliable than the earlier time period, because of better availability of tree-ring
information and superior regression model statistics. Figure 2-2 shows the reconstructed

time series of annual unimpaired Sacramento River flow from 1630 to 1977 from Meko et al.

{2001b). The inset in Figure 2-2 shows there is a good match between the reconstructed
flows (grey line) and the observed annual flows (red line) during the period of overlap
between the reconstructed and observed records (from 1906 to 1977).

Multi-decadal periods of alternating wet and dry conditions are pervasive throughout the
reconstructed record. The wet conditions of the late 1800’s and early 1900°s, which were
followed by severe dry conditions in the 1920°s and 1930°s, are consistent both with
observed precipitation and estimated Sacramento River runoff for these time periods (sce
Section 3) and with literature reports of historical conditions (see Section 4).

10 ; —.-—()I‘mcn'cd Reconstructed
30 R .
N I AR Az f‘ﬁ\
IZ:; !v‘_hq\n.’\'.‘_.‘l\ .’A." \vr-_.n_.c \N\.,N‘l y YL
40 0 i - >
1900 1910 1920 1930 1940 1950 1960 1970 1980
35
30
& 25
<
2
s 20
=
[
£ is
=
10
5 Reconstructed
— - yEeAr FUNNING AVETage
0 — — Mean (1630-1977)
1630 1680 1730 1780 1830 1880 1930 1980

Exhibit CCWD-6 February 12, 2010

No comments
-n/a-



No comments
-n/a-

Figure 2-2-R tructed 1 unimpaired Sacr River flow from 1630-1977.
Annual reconsiructed unimpaived Sacramento River flow (grey line in main panel and inset) for the
1630 1o 1977 time period was identified by Meko et al. (2001a} as the most accurale period of
recanstruction. Inset panel iflustrates the comparison between observed (red) and reconstructed (grevi
unimpaired flows during the overlap period. The mean of the reconstructed unimpaired flow for 1630-
1977 is 17.7 MAFYyr fdashed hovizontal line in main panel). The 5-vear centered running average
(thick solid blue line in main panel) illustrates the decadal trends.

Meko et al. (2001a) identified the severe drought periods in the reconstructed Sacramento
River flow record (1630-1977) by computing the lowest n-year moving average. For
instance, to determine the most severe 6-year drought, Meko er al. calculated the moving
average using a 6-year window for the entire data set and then identified the lowest 6-year
average. Meko ef al. found that the period from the early 1920°s to late 1930°s experienced
the lowest 6-year, 10-year, 20-year, and 50-year averages (or droughts), both in the
reconstructed and observed records. The observed droughts in Table 2-2 have been updated
through present (1906-2009) using the same analysis; this update did not change the drought
time periods identified by Meko er al. The reconstructed record of unimpaired Sacramento
River flow shows the period from early 1920's to late 1930°s experienced some of the worst
drought conditions since 1630. Additional data are presented in Appendix B.

Table 2-2 - Periods of drought from the reconstructed and observed records of
unimpaired Sacramento River flow
Severe drought periods in the reconsiructed Sacramento River flow record (16301977} were
determined by Meka et al. (2001a) by computing the lowest n-year moving average of the
recanstructed annval unimpaired Sacramento River flow. The same method was used to determine the
most severs dronghts of the observed record (1906-2009)

| Period of lowest n-Year moving average Sacramento River flow

1-Year 3-Year 6-Year 10-Year | 20-Year 50-Year
Reconstruction | 1775 to 1929 to 1924 to 1917 to 1912 1o
| (1630-1977) 1924 1778 1934 1933 1936 1961
Observations | 1990t | 192910 1924t0 | 191810 1917 to
| (1906-2009) | 1977 1992 1934 1933 1937 1966
Conclusions

Reconstruction of unimpaired Sacramento River flow indicates:

e Annual precipitation is highly variable. Even during long dry periods, individual years
can be very wet.

e The Sacramento River basin experienced a multi-century dry period from about 1100
C.E. to 1400 C.E.

e The drought period in the 1920°s and 1930°s represents some of the worst drought
conditions in the last 400 years.
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2.3. Reconstructed Salinity in the Bay-Delta Estuary
Tree Ring Data

The interaction between saline ocean water from the Pacific Ocean and fresh water from the
rivers flowing into the Delta determines the ambient salinity conditions in the Delta and the
Bay. Estimates of historical precipitation derived from tree ring data can therefore be used to
estimate the corresponding salinity conditions in the Delta,

Stahle ef al. (2001) used tree ring chronologies from blue oak trees located in the drainage
hasin to San Francisco Bay to reconstruct salinity at the mouth of San Francisco Bay,
Recognizing that a number of factors influence salinity other than precipitation (estimated
from tree rings), the authors chose a time period prior to substantial water development when
the salinity data were fairly constant in mean and variance. During the calibration period
(1922-1952), annual tree ring growth correlates well with average salinity near the Golden
Gate Bridge (+*=0.81). Using this transfer function, Stahle ef al. (2001) reconstructed annual
average January to July salinity for all years 1604 to 1997.
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Figure 2-3 — Reconstructed salinity near the mouth of San Francisce Bay compares well
with reconstructed unimpaired Sacramento River flow in the upper watershed
For each year from 1630 ta 1952, the annual unimpaived Sacramento River flow (from Meko et al.,
2001 b) is plodted against the annual average salinitv at Fort Point (from Stahle eral, 2004)

As shown in Figure 2-3, the salinity reconstruction by Stahle er a/. (2001} compares well

with the unimpaired flow reconstruction by Meko ef al. (2001b). The data follow the
expected inverse exponential relationship between flow and salinity. Over the period from
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1630 to 1952, reconstructed salinity increases as reconstructed unimpaired Sacramento River
flow decreases. The agreement is strongest in dry years. The increased scatter in wet years
may reflect the limitations in the tree ring methods.

Stahle et al. (2001) identified an increasing divergence of observed salinity relative to
predicted (reconstructed) salinity after 1952 (Figure 2-4) and suggested that the majority of
differences are due to increased water diversions. During the calibration period (1922-1952),
the observed salinity is typically within +/- 5% of the reconstructed salinity. However, from
1953-1994, the data show an increasing trend for observed salinity to be greater than
predicted, exceeding reconstructed salinity by over 15% in 1978, 1979, 1991, and 1993.
Since 1969, observed salinity has exceeded reconstructed salinity in all years except the
extremely wet years of 1982 and 1983,
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Figure 2-4 — Percent change in observed salinity relative to predicted (reconstructed)
salinity for the period 1922 to 1994

The reconstructed salinity record by Stahle et al. (2001) overlaps with the abserved salinity record
Srom 1922 ta 1994, During this period. the percent change of observed salinity relative 1o predicied
salinity is determined as fobserved salinity — veconstructed salinity) divided by reconstructed salinity,
with positive values indicating when chserved salinity exceeded the reconstructed salinity prediction.
The calibration period is indicated with black squares, with the period owside the calibration window
indicated by red circles. The straight red line is the linear rend in the post-calibration period,
indicaring observed salinity is increasingly diverging from predicied (reconstructed) salinify

These data suggest that since the 1950°s, water management operations have increased
salinity, with an escalating effect over the period of record. In addition, it is worth noting
that significant anthropogenic modifications to the landscape and water usage had already
oceurred prior to the 1922-1953 calibration period (sce Figure 1-2 and Figure 1-3). Although
this study is unable to evaluate the effect of anthropogenic modifications prior to 1953, the
following section examines salinity prior to human interference at multiple sites in the Bay-
Delta.

Tree ring reconstructions such as Meko et al. (2001a) and Stahle er al. (2001) have the

advantage of providing high temporal resolution (i.e. annual) over approximately the last
1,000 years. However, a possible disadvantage of this method is the age of trees, limiting
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high accuracy estimates to approximately the last 400 years. A second possible disadvantage
of using tree ring reconstructions for paleosalinity is the remote location of the trees relative
to the estuary. Paleosalinity estimates from tree rings in the upper basin necessarily assume
that the precipitation patterns archived in the tree rings are representative of the quantity of
water that reaches the estuary. However, as observed by Stahle er al., anthropogenic water
management affects the amount of water that flows through the estuary.

Sediment Core and Fossil Data

Because of uncertainties in estimates of precipitation and salinity derived from tree ring data,
other paleosalinity methods that rely on local fossils to determine local salinity have also
been explored. Organic deposits accumulated in the sediments contain signatures of the
ambient conditions that can be used to infer the variations in salinity over geologic time
scales. Although reconstructions from sediment cores have a coarser temporal resolution than
tree rings, the variations in climate and landscape responses to change are better defined
geographically because the evidence of localized climate change is preserved as a time series
in situ, at the site of interest.

The San Francisco Bay-Delta has been the focus of several paleoclimatic reconstructions
from sediment cores. Changes in wetland plant and algae communitics are the dominant
response in the Bay and Delta to climate change and associated fluctuations in temperature
and precipitation. Proxies of plant and algae response to environmental conditions are
preserved in the sediment cores and determined by:
e quantification and taxonomic identification of
(iy  diatom frustules (Byrne ef al., 2001; Starratt, 2001; Starratt, 2004),
(ii)  plamt seeds and roots (Goman et @l., 2008),
(iii) plant pollen (May, 1999; Byrne et al., 2001; Malamud-Roam and Ingram,
2004), and,
e measurement of peat carbon isotope ratios (Byme er al., 2001: Malamud-Roam and
Ingram, 2004).

Resulis from plant pollen identification for three sites in the western Delta and Suisun Bay
and Marsh are summarized below in Figure 2-3. The data indicate that Browns Island tidal
marsh, near the confluence of the Sacramento and San Joaquin Rivers in the western Delta
(Figure 2-5) was predominately a freshwater system for 2,500 years, even during century-
long droughts. This condition prevailed until the early 1900°s. The shading in Figure 2-5
corresponds to the nearly 300-year dry period identified in the reconstructions of annual
unimpaired Sacramento River flow (Figure 2-1). Although salinity intrusion occurred during
this period in Suisun Bay at Roe Island, and during earlier long drought periods, salinity did
not affect the western Delta 1o the same degree. This suggests a change in spatial salinity
gradient characteristics, and is possibly due to the effect on salinity intrusion of the vast tidal
marshes that existed in the Delta until the early 20th Century.
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Figure 2-5 — Palcosalinity evidence derived from pollen data
Salinity variabiiity over the last 2,500 years at Rush Ranch in Suisun Marsh (left panel), Roe Istand in
Suisun Bay (center panel). and Browns Island in the Western Delta (vight panel). Data are
reproduced from Mal. d-Roam and Ingram (2004). Ovange shading across each panel corresponds
10 the nearly 3t0-year dry period identified in the annual unimpaired Sacramenta River flow
reconstruction (see Section 2.2) Lacations of each of the sediment cores are illustrated in the map on
the vight.

Malamud-Roam et al. (2006) attributed the differences between sites to a combination of
methodological issues (such as sampling frequency and core chronology) and site-specific
ecological differences (such as site elevation, location relative 1o channel and sedimentation
rates over time). However, all of the paleosalinity reconstructions based on pollen, diatoms
and carbon isotopes are in general agreement and suggest that salinity increased abruptly
about 100 years ago, reaching or exceeding salinity levels at any other time in the 2,500 years
of reconstructed records.

This increase in salinity may correspond to the reduction in unimpaired Sacramento River
flow evidenced in the tree ring reconstructions by Meko ef al. (2001a), which determined that
the 1920°s and 1930°s experienced the worst droughts in the last 400 years. Towever, the
droughts in the 1920°s and 1930°s do not appear to be as severe as the droughts between

1100 CE to 1400 CE (600 to 900 years ago). as categorized by unimpaired Sacramento River
flow. Yet salinity in Suisun Bay and the western Delta appears to meet or exceed the level of
the medieval droughts, indicating factors besides natural precipitation and runoff patterns
have affected salinity in the last 100 years.
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Conclusions

Reconstructions of salinity in the Bay and Delta indicate:

Precipitation in the drainage basin for San Francisco Bay (as recorded in tree rings) is
a good indicator of salinity near the mouth of the Bay for the period 1922-1953;
however, since 1953, increased water diversions have increased observed salinity
above the level predicted from precipitation estimates.

The Delta was a predominately freshwater system for 2,500 years, until the carly
1900’s, even during century-long droughts.

The multi-century dry period identified in unimpaired Sacramento River flow
reconstruction is evident in Suisun Bay sediments but not in Delta sediments,
indicating that salinity did not intrude as far into the Delta during past droughts as it
has during the last 100 years.

The evidence from most sites suggests that current salinity levels are as saline as, or
more saline than, previous historical conditions.
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3. Instrumental Observations of the Last 140 Years

Field measurements of rain and snow have far greater accuracy and resolution than the
paleoclimate records of precipitation; similarly, field measurements of salinity have far
greater accuracy and resolution than the paleosalinity records from sediment cores. These
instrumental observations will be used to analyze in more detail the salinity increase
identified in the paleoclimate records approximately 100 years ago and determine if the
increase in salinity has persisted.

The first sub-section presents observations of precipitation and unimpaired runoff in the
upper basin, indicating the natural climatic variability and amount of fresh water available
within the Bay-Delta watershed. The second sub-section examines Net Delta Outflow
(WD), which is the amount of water flowing through the Delta into Suisun Bay, directly
affecting the level of salinity intrusion into the Delta. NDO is analyzed under both
unimpaired (without water diversions and reservoir storage and releases) and historical
{actual) conditions; comparison between unimpaired and actual conditions reveals the effect
of water management practices. The third sub-section presents field measurements and
model-based estimates of salinity at various locations within the Delta and Suisun Bay.

3.1. Precipitation and Unimpaired Flow in the Upper Basin

Precipitation in the Bay-Delta watershed indicates the amount of water available within the
system, which could ultimately reach the Bay and alTect salinity conditions. However, since
precipitation falls as both rain and snow, the timing of runoff to the river channels is often
lagged a few months due to snow melt conditions. For this reason, estimates of unimpaired
flow (runoff) are generally used to characterize hydrological variability. Unimpaired runoff
represents the natural water production of a river basin, unaltered by water diversions,
reservoir storage and operation, and export of water to or import of water from other basins.

Figure 3-1 illustrates the tolal annual precipitation at Quiney” in the northeastern Sierra, the
total annual unimpaired Sacramento River flow® and total unimpaired San Joaquin River
flow”. Figure 3-2 shows the locations of the eight precipitation stations in northern
California used to compute the Sacramento eight-station precipitation index (left panel) and
the measurement locations of eight flow gages used to calculate the Sacramento and San
Joaquin unimpaired flow data (right panel). Additional information on the annual unimpaired
flows is provided in Appendix C.

As discussed in Section 2.2, the total annual unimpaired Sacramento River flow exhibits
strong variability between years, both in the reconstructed and observed data. Figure 3-1

7 Precipitation data are from Menne ef al. (2009)

¥ “Unimpaired Sacramento River flow” is defined as the sum of the “full natural flows™ from the Sacramento River
at Bend Bridge, Feather River inflow to Lake Oroville, Yuba River at Smartville, and the American River inflow
to Folsom Lake. (http:/fedec. water.ca gov/cgi-progs/iodin WSTHIST)

¥ “Unimpaired San Joaquin River flow™ is defined as the sum of the full natural flows from the Stanislaus River
inflow to New Melones Lake, Tuolumne River inflow to New Don Pedro Reservoir, Merced River inflow to
Lake McClure, and San Joaquin River inflow to Millerton Lake (hup://edec. water.ca gov/cgi-
progs/iodid WSTHIST)
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indicates that the trends revealed in the total annual unimpaired Sacramento River flow
(middle panel) are also evident in the total annual precipitation at Quincy (top pancl) and the
total 1 unimpaired San Joaquin River flow (bottom panel). Alternating periods of wet
and dry conditions are evident in both river basins. These data indicate there were wetter than
normal conditions in the late 1800°s and early 1900’s, followed by severe dry conditions in
the 1920°s and 1930°s. These were then followed by generally wetter conditions until the
mid-1970’s.
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Figure 3-1 — Total 1 precipitation and paired flow in the
upper Sacramento and San Joaquin River basins (1872-2009)
Total annual precipitation at Quincy in the northeastern Sierra (top panel), total annwal unimpaired
Sacramenta River flow (middle panel). and total annval wnimpaired San Joaguia River flow iharom
panel). Bar eolor on each panel indi the regional location of the z . veflected in the
remaining figures of this section (Figure 3-2, Figure 3-3 , and Figure 3-4). Grey line within each
panel is the 10-vear moving average for each parameter.
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Figure 3-2 — Locations of Precipitation and Runoff Measurements
Lovation of stationy wved in the deter ion of the S-station pr fndex for novthern
California (left map). including the location of Quiney (QRD), and the unimpaired Sacramento River
Sflow fred srations, right map) and unimpaired San Joaguin River flow (orange stations, right map)

Knowles (2000) illustrated that the seasonal timing of runoff can significantly alter salinity
intrusion without any change to the total annual runoff. For this reason, it is critical to
examine the monthly variability in precipitation and unimpaired runoff. Monthly
precipitation and unimpaired flow values are available for a shorter time period (generally
1921 to present) than the total annual values (generally 1870°s to present)

The menthly distribution of the Sacramento eight-station precipitation index " indicates that
most of the precipitation in northem California occurs during November through March
(Figure 3-3). The variability between years, represented by the vertical bars and *+* marks,
shows the distribution is positively skewed, i.¢., excessively high precipitation oceurs in
relatively few years.

Figure 3-4 presents the monthly distribution of unimpaired flow for both the Sacramento and
San Joaquin River basins. River flow lags precipitation by about two months because of
storage of some precipitation in the form of snow and subsequent snowmelt in the spring.
Most of the unimpaired inflow to the Delta originates from the Sacramento Basin, although
the contributions from the two basins are approximately the same during the months of late-
spring and early-summer snow melt, when unimpaired runoff from the San Joaquin Basin
peaks.

" Data from 1921 through 2008, downloaded from http-//edec. water ca goviegi-progs/precip |l /SSTATIONHIS
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Figure 3-3 — Monthly Distribution of Precipitation in the Sacramento River Basin
Distvibution of monthly precipitation for water years 1921 through 2008, Monthly averages are
indicated by the blue line with black circles. Monthly median is given by the blue squares, while the
interquartile range is indicated by the vertical biue lfine for each month and the vertical grey line
extends to the 10" and 90" perceniiles. Maximum and minimum values are indivated by “+' marks
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Figure 3-4 — Monthly distribution of unimpaired flow in the
Sacr to and San Joaquin River basins
Diiseribution of monthly unimpaived flows for water years 1921 through 2008, Meonthly averages are
indicated by the lines with black circles. Monthly median is given by the squares, while the
interquartile range is indicated by the vertical line for each month and the vertical grey line extends to
the 10th and 9tk pe jles. Meaxi) and mini values are indl { by ‘=" marks.
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Conclusions

The long-term observations of precipitation and unimpaired flow indicate:

» Relatively wet conditions occurred in the late 1880s to about 1917 in both the

Sacramento and San Joaquin River watersheds prior to large-scale water management
operations.

* Unusually dry conditions occurred from about 1918 through the late 19307s; these
persistent dry conditions are not representative of the average conditions over the last
130 years.

e Precipitation in Sacramento River watershed peaks between December and March; the
unimpaired river flow lags by about | to 2 months because of snow melt.
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3.2. Net Delta Outflow

The quantity of water flowing from the Delta into Suisun Bay, defined as Net Delta Outflow
(NDO), is the primary factor in determining salinity intrusion in Suisun Bay and the western
Delta. Unimpaired NDO is calculated using unimpaired flow in the Sacramento and San
Joaguin Rivers (Section 3.1) as well as contributions from other minor tributaries.''
Unimpaired NDO is the hypothetical Delta outflow that would occur in the absence of any
upstream diversion or storage, but with the existing Delta channel and upstream channel
configuration.

Because the outflow from the Delta at the wide and decp entrance to Suisun Bay cannot be
measured accurately, the parameter of historical (actual) NDO is estimated from a daily mass
balance of the measured river inflows to the Delta, measurements of water diversions at
major pumping plants in the Delta, and estimates of net within-Delta consumptive use
(including Delta precipitation and evaporation).

The effect of anthropogenic water mar on NDO is illustrated below by comparing
monthly estimates of unimpaired NDO' and historical (actual) NDO" (Figure 3-5). Since
unimpaired flow estimates also assume the existing Central Valley and Delta landscape
(reclaimed islands, no natral upstream flood storage, current channel configuration, ete.),
this comparison reveals the net effect of water management only. This analysis does not
address the change due to physical modification to the landscape or sea level rise.

For the period of joint record, when both unimpaired and historical NDO values are available
(water year 1930 through 2003), historical NDO decreased even though unimpaired NDO
increased slightly. The long-term (74-year) linear trend in monthly unimpaired NDO (the
black dashed line in top panel of Figure 3-5) increased on average 0.49 MAF/month; thus, by
2003, the average annual unimpaired NDO had increased 5.9 MAF/year since 1930. In
conirast, the long-term linear trend in monthly historical NDO (the black dashed line in
middle panel of Figure 3-5) decreased on average -0.29 MAF/month, totaling a decrease in
historical (actual) NDO of -3.5 MAF/year. This corresponds to a net increase in diversion of
9.4 MAF/year of water from the Delta upstream watershed relative to the 1930 level .

Increased diversion and export of water have decreased historical NDO (middle panel of
Figure 3-5), but this has been partially offset by a natural increase in unimpaired NDO (top
panel). The difference berween historical and unimpaired NDO (bottom panel) is due to the
cumulative effects of upstream diversions, reservoir operations, in-Delta diversions, and

L Unimpaired NDQ does not include water imported from the Triniry River system, which is outside the Delta

watershed.

* Unimpaired NDO data was obtained from Ejeta (2009), which is an updated version of DWR (1987).

'3 Historical NDO duta was obtained from the IEP’s DAYFLOW program
thttp:/fwww. iep.ca.govidayflow/indes html)

% This is consistent with current estimates of approximately 15 MAF/year total diversion from the system, which
includes the 4-5 MAF/vear diversions established prior to 1930 and approximately 1 MAF/year additional water
supply imported from the Trinity River system.
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south-of-Delta exports. During most months, water management practices have historically
resulted in historical (actual) NDO that is less than unimpaired conditions, indicated by a
negative value for the quantity (historical NDO — unimpaired NDO).

Because the difference between monthly historical and unimpaired NDO has become more
negative over time, the periods of excess conditions (when historical NDO exceeds
unimpaired NDO) have become very infrequent. The only occurrences are now following
the wettest years, primarily due to releases from reservoirs in the fall to make room for
winter flood control storage.
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Figure 3-5 - Time series of Monthly Net Delta Outflow under unimpaired conditions and
historical (actual) conditions
The thin color line on each panel indicates the monthly NDO, the thick color line indicates a rinning
S-vear average of the monthly NDO, and the dashed black line indicates the linear long-ferm trend.

The monthly distribution (Figure 3-6) of unimpaired NDO and historical NDO for water
years 1930 to 2003 reveals that for all months except September and October (when NDO is
low), average unimpaired NDO is greater than average monthly historical NDO. The
tendency in the average historical NDO toward greater flow in September and October is
influenced strongly by the period prior to about 1975 when reservoir operations resulted in
more flow in those months (see Figure 3-7 and related discussion below). On average from
1930-2003, water management practices reduced Delta outflows in the months of November
through August (and in all months since about 1975, see Figure 3-7). The greatest reduction
in Delta outflow relative to unimpaired conditions occurs in the months of March through
Tune, when spring snow melt is captured in reservoirs and a portion of the river flow is
diverted for direct use.
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As also shown in Figure 3-6, water management practices also shift the peak flow periods to

carlier in the year. The unimpaired NDO hydrograph peaks in May when snow melt

contributes to high river flows, with at least 4.1 MAF in May in 50% of the years (averaging

4.2 MAF in May over all years). The historical NDO peaks in February with at least 2.9

MAF/month in 50% of the years (averaging 3.7 MAF/month over all years). The variability

between years, represented by the vertical bars and “+" marks, indicates the distribution is
positively skewed, which means a relatively few years have excessively high flows.
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Figure 3-6 — Monthly distribution of Net Delta Outflow

Distribution of monthly NDO for water years 1930 through 2008. Monthly averages ave indicated by

the iines with black civcles. Monthly median is given by the squares, while the interquariile range is
indicated by the vertical line for each month and the vertical grey line extends to the 10th and 90th
percentiles. Maximum and minimum values are indicated by "+ " marks.

Figure 3-7 shows the long-term trends in the difference between historical (actual) monthly

NDO and unimpaired monthly NDO. Increased water usage and increased diversion of water

to storage has reduced historical NDO relative to unimpaired NDO in most months of the
year. In July (and August, not shown in Figure 3-7), the deficit is reduced, likely due to
reservoir releases which provide a portion of the water diverted by upstream users prior to
reservoir construction. The 1994 Bay-Delta Accord called for higher minimum Delta
outflows in July and August to protect Delta fish species, which should also serve to reduce
the deficit. However, historical (actual) NDO still remains less than unimpaired NDO.
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In September (and October, not shown in Figure 3-7), historical (actual) NDO exceeded

unimpaired NDO from about 1945 to 1975, with an increasing trend in the percent change.
Since 1975, the percent change has shown a downward trend with a deficit (historical NDO
less than unimpaired NDO) during most years since 1975,
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Figure 3-7 — Long-term trends in monthly NDO
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Pereent change of NDO relative to unimpaired conditions. Cireles indicate the percent change for
each month of the period of record. The red line indicates a moving 5-year average of the pevcent
change, while the black line indicates the long-term linear iend over the entire period of record.
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Conclusions

Anthropogenic water management practices have altered NDO in the following ways:

Long-term data demonstrate that the difference between historical (actual) NDO and
unimpaired NDO is increasing over time, indicating that water management actions have
reduced Delta outflow significantly.

During most months, water management practices have reduced Delta outflow relative
to unimpaired conditions. From the mid-1940’s to the mid-1980’s, reservoir operations
resulted in historical (actual) NDO slightly greater than unimpaired NDO slightly in a
number of months, largely in the fall. However, since 1985, reservoir operations have
resulted in increased NDO only in the wettest years, and NDO has declined in all other
months.

On average, water management practices have resulted in reduced Delta outflows in all
months except September and October. The greatest reduction in Delta outflow relative
to unimpaired conditions occurs in the months of March through June, when spring
snow melt is captured in reservoirs and some of the remaining river flows are diverted
for direct use.
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3.3. Salinity in the Western Delta and Suisun Bay

Observations and model-based estimates can be used to examine historical variations in
salinity in the western Delta and Suisun Bay. The observations examined in this section
include records from the early 1900°s from the California & Hawaiian Sugar Refining
Corporation in Crockett (C&H) and long-term monitoring data published online by the
Tnteragency Ecological Program (TEP). Estimates of salinity intrusion were obtained using
the Kimmerer-Monismith equation describing X2 (Kimmerer and Monismith, 1992).

Section 3.3.1 addresses the importance of consistency among salinity comparisons. The
spatial variability of a specific salinity level is examined in Section 3.3.2 and Section 3.3.3,
while the temporal variability of salinity at specific fixed locations is explored in Section
3.3.4 and Section 3.3.5.

3.3.1. Importance of Consistency among Salinity Comparisons

Water salinity in this report is specified either as electrical conductivity (EC) oras a
concentration of chloride in water. EC is a measure of the ability of an aqueous solution to _
carry an electric current and is expressed in units of microSiemens per centimeter (uSiem)".
Chloride concentration is specified in units of milligrams of chloride per liter of water
(mg/L). Conversion between EC and chloride concentration can be accomplished using site-
specific empirical relationships such as those developed by Kamyar Guivetchi (DWR, 1986).

Previous studies have evaluated the level of salinity in the Bay and Delta, using a variety of
salinity units (e.g. EC, chloride concentration, or concentration of total dissolved solids in
water) and various salinity parameters (e.g. annual maximum location 1,000 pS/cm EC,
monthly average location of 50 mg/L chloride, or daily average EC at a specific location).
Therefore, when comparing studies, it is critical to use consistent salinity units, parameters,
and timing, including the phase of tide and time of year. These concepts are discussed
further in Appendix D.

3.3.2. Distance to Fresh Water from Crockeft

The California & Hawaiian Sugar Refining Corporation (C&H) is located in Crockett, near
the western boundary of Suisun Bay (see Figure 3-8). C&H either obtained its freshwater
supply in Crockett, or, when fresh water was not available at Crockett, from barges that
traveled upstream on the Sacramento and San Joaquin Rivers. The barges generally travelled
upstream twice a day beginning in 1908 (DPW, 1931). C&H recorded both the distance
traveled by its barges to reach fresh water and the quality of the water they obtained. This
provides the most detailed quantitative salinity record available prior to the initiation of
salinity monitoring by the State of California in 1920. The distance traveled by the C&H
barges serves as a surrogate for the prevailing salinity conditions in the western Delta and

'3 The reported EC values are actually specific i.e., the electrical ductivity of the water solution at
a reference temperature of 25% le, as is dard i
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Suisun Bay. Olgeraliuns by C&H required water with less than 50 mg/L chloride

concentration.'” Additional detail on C&H operations and the detailed barge travel data are
included in Appendix D.

Figure 3-8 — Map of Suisun Bay and Western Delta
with locations of continuous monitering stations

C&eH barges traveled up estuary from Crockett (vellow star). L fons of IEP canti itoring
stations are shown in red. Scale in miles is indicaied in the upper lefi corner of the map.

'® In comparison, the S0 mg/L ion required for C&H ions is one-third the ion of the
industrial water quality standard under current conditions in the Delta,
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Figure 3-9 — Distance to fresh water from Crockett
“Distance 1o fresh water™ is defined as the distance in miles upsiream of Crockett to water with less
than 50 mg/L chloride concentration. The horizontal line, at approximately 18 miles, is the distance
Jfrom Crockeit to the Delta. The shading represenis the spatial extent and duwration of the presence of
fresh water within Suisun Bay, downstream of the Delta

Data notes: (1) During August and Seprember 1918, average water guality obtained by C&H exceeded
P60 mgdL chlovides; (2) Salinity during 1966 is likely an overesiimate due fo relatively sparse spatial
coverage of IEP monitoring stations. During 1966, salinity at Emmaton (28 miles from Crocker)
exceeded 3,000 uSiem; the nearest statian upsiream of Entmaton is near Courtland (58 miles front
Crockert) and had a salinity of ~ 300 uSiem. Location of 350 uSiem isohaline based on data
inierpolation between these twa stations (which are 30 miles apart) is not hikely to be representative of
the true location.

Figure 3-9 compares surface'” salinity data from C&H with estimates derived from a
network of continuous surface salinity monitoring stations (Figure 3-8) within Suisun Bay
and the western Delta dating back to 1964. The monitoring data are published online by the
Interagency Ecological Program (IEP, see http://iep.water.ca.gov/dss). The location of the
350 pS/cm EC isohaline, which approximately coincides with the C&H criterion of 50 mg/L
chloride concentration, was estimated from the IEP measurements by linear interpolation
between the average daily values at IEP monitoring stations.

7 .
' Due to the method of call C&H water les are I to be from near the water surface.
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As a cauti, v note, di on the source of information, the C&H barges are said to
have traveled with the tide, indicating they either took water at high tide (moving up river on
the flood and down on the ebb) or at low tide (traveling against the tide, but moving a
shr.u -ter distance). Thus, the C&H records either represent the daily maximum or daily
distance traveled. In contrast, the distances to fresh water caleulated from recent
monitoring data are based on the average daily values of EC measured ai fived locations.
The difference berween daily average distance and daily minimum or maximunt is
approximately 2 to 3 miles. However, since the difference between the data from the early
1900°s and the more recent time periods exceed this 2 to 3 mile uncertainty, the conclusions
of this section remain unchanged regardless of the specific barge travel timing.

From 1908 through 1918, C&H was able to collect fresh water for a large portion of the year
within Suisun Bay, without having to travel all the way from Crockett to the Delta.
However, as can be seen in Figure 3-9, that would no longer be possible in many years (e.g.,
2001-2004).

Figure 3-10 shows the monthly distribution of distance traveled by C&H barges during water
years 1908 through 1917, and the equivalent distance from determined from observed daia
for water years 1966 through 1975 (top panel) and water years 1995 through 2004 (bottom
panel). The';e two latter periods have similar hydrologic characteristics to the period of the
C&H data.'® The monthly distribution for each dataset illustrates the seasonal fluctuations of
the salt field as well as the variability between years for each month.

During the early 1900’s, the median distance traveled by C&H barges to procure fresh water
was less than 8 miles in the spring (March-June) and about 25 miles (between Collinsville
and Emmaton) in the fall (September-October). In contrast, due o water management
conditions from 1995 to 2005, the equivalent distances would be 13 1o 23 miles in the spring
and up to 30 miles in the fall. It is worth noting that from 1966 to 1977, the distance to fresh
water in the fall and early winter months (September through January) was generally less
than the equivalent distance in the early 1900’s, indicating that large-scale water
management operations circa 1970 tended to reduce salinity in the fall and carly winter.
However, this trend has reversed in the more recent water management period (1995-2005),
with salinity intrusion significantly increased over levels in the early 1900°s during all
months.

Figure 3-10 also shows that the range of the average annual distance from Crockett to fresh
water from 1995 to 2005 was approximately 15 miles (from about 13 to 30 miles), while the
range during the carly 1900°s was approximately 20 miles (from 6 to 25 miles). This
analysis indicates that large-scale water management activities limit the fluctuating nature of
the salt field by preventing fresh water from reaching as far downstream as it did in the early
1900°s.

Finally, Figure 3-10 indicates that salinity intrusion in the Delta occurred later in the year
(beginning in July) in the early 1900’s than under more recent time period conditions
(beginning in March).

This similarity in hyds Ich the periods was established by approximately matching
the distribution of annual Sact River flow during these periods (see Appendix E)
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Figure 3-10 — Monthly distribution of distance to fresh water from Crockett
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These comparisons (and other relevant comparisons in Appendix D) show that, on average,
C&H barges would have had to travel up to 19 miles farther to procure fresh water under
recent large-scale water management conditions than in the early 1900’s. These comparisons
also indicate that fresh water was present for significantly longer time periods, and over a
larger area of the western Delta, in the early 1900’s than during similar hydrological periods
under current water management conditions. Abrupt changes in salinity just prior to 1920
caused C&H to abandon the Sacramento and San Joaquin Rivers and switch to a water
supply contract with Marin County beginning in 1920 (Appendix D).

The distance to fresh water during individual wet years and during individual dry years is
presented in Appendix D. The data in Appendix D also show that salinity has been generally
higher in recent times than in the early 1900’s and that water management has restricted the
range in salinity experienced during a water year. The periods when fresh water is present at
given locations have been reduced, or, in some cases, eliminated.

Conclusions

The records of the distance traveled upstream from Crockett by C&H barges to procure fresh
water and estimates of this distance under large-scale water management conditions
(reservoir operations and water diversions) show that:

s Fresh water was present farther downstream and persisted for longer periods of time in
the western Delta in the early 1900°s than under recent time periods with similar
hydrologic conditions;

e Water management practices result in greater salinity intrusion in the western Delta for
most months of the year; and,

« Salinity intrusion begins earlier in the year, extends farther upstream, and persists for a
longer period each year.
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3.3.3. X2 Variability

An often-used indicator of fresh water availability and fish habitat conditions in the Delta is a
metric called X2. X2 is defined as the distance from the Golden Gate to the 2 part-per-
thousand isohaline (equivalent to a salinity of 2 grams of salt per kilogram of water),
measured near the channel bed along the axis of the San Francisco Estuary. Higher values of
X2 indicate greater salinity intrusion. Monthly values of X2 are estimated in this report
using the monthly regression equation from Kimmerer and Monismith (1992):

Monthly X2(t) = 122.2 + 0.3278*X2(1-1) — 17.65*logis(NDO(1))

The K-M equation expresses X2 (in units of kilometers) in terms of Net Delta Outflow
(MDO, see Section 3.2) during the current month and the X2 value from the previous month.
The monthly K-M equation was based on a statistical regression of X2 values (interpolated
from EC measurements at fixed locations) and estimates of NDO from I[EP's DAYFLOW
computer program. Hence, the K-M equation is only valid for the existing Delta channel
configuration and existing sea level conditions.

The K-M equation can be used to transform unimpaired and historical NDO data into the
corresponding X2 values for unimpaired (without reservoir operations or water diversions)
and historical {with historical water management) conditions, respectively.

The seasonal and annual variations of X2 are dependent on the corresponding variations of
NDO under both historical and unimpaired flow conditions (Figure 3-11). X2 under
historical flow conditions is shifted landward relative to unimpaired conditions by
approximately 5 km. During the 1930%s, historical NDO was often negative, sometimes
averaging approximately -3,000 cfs for several months. This was due to relatively low runoff
and significant upstream water diversions. Unfortunately, the K-M equation, which includes
the logarithm (base 10) of NDO, is unable to account for negative values of NDO. [n the
case of historical flow conditions, this results in high variability of X2 in the 1930°s. The
values of X2 under historical flow conditions during 1930°s in Figure 3-11 are likely
underestimated.

Figure 3-12 compares X2 under unimpaired and historical conditions for the period from
1945-2003, following initiation of the Central Valley Project (i.e., after the completion of the
Shasta Reservoir of the CVP). Figure 3-12 shows that, compared to unimpaired conditions,
X2 under historical conditions was higher by about 10 km during April-July and by about 5
km during the rest of the year.

Salinity intrusion under historical water management conditions is, therefore, greater (higher
X2) than the intrusion that would occur under unimpaired conditions. Moreover, the switch
from declining X2 values during fall and winter months to increasing X2 values (increasing
salinity intrusion) occurs in March under historical water management conditions and in June
under unimpaired conditions. Thus, recent water management practices have resulted in a
saltier Delta with earlier occurrence of salinity intrusion in the year.
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Although current water management practices operate to provide salinity control, both the
extent and duration of salinity intrusion are greater under current water management
practices than under historical conditions. Likewise, current water management practices
have changed the overall annual range in salinity (i.c., the difference between the highest and
lowest salinity values during the year).

e . (a) X2 based on unimpaired NDO
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Figure 3-11 — Location of X2 under unimpaired and historical conditions
X2 has a strong seasonal and decadal vaviability under both wnimpaired (top panel) and historical
(middle panel) flow condil il the strong { and decadal variability of NDO. The
difference between histarical and unimpaired conditions (bottam panel) ilusirates the net effect of
waler managenen! aciivities.
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Figure 3-12 — Monthly distribution of X2 from 1945 through 2003

Figure 3-13 presents a comparison of unimpaired X2 and historical X2 during the 10 driest
and the 10 wettest years of the CVP period (1945-2006)." During dry years (top panel), X2
is substantially greater under historical water management conditions than under unimpaired
conditions (i.e., without water management); these effects are less dramatic but still oceur
during the wet years (bottom panel). Additionally, the annual range in salinity variability is
significantly reduced under dry conditions (from approximately 22 km with unimpaired
flows to 14 km with historical flows), but not wet conditions. The result of water
management practices is a saltier Delta during both wet and dry years, with the greatest
amount of salinity intrusion and reduced seasonal variability occurring in dry years.

Conclusions

The analysis of X2 (a measure of salinity intrusion in the Delta) shows that:

Water management practices (reservoir operations and water diversions) result in a
saltier Delta, with earlier salinity intrusion in the year.

Water management practices result in a saltier Delta during both wet and dry years, but
the effect is more pronounced in the dry years when the seasonal variability of salinity is
also significantly reduced.

% Determination of the ten wetiest and driest years is based on the total annual unimpaired Net Delta Outflow. The
ten wettest years are 1952, 1956, 1958, 1969, 1974, 1982, 1983, 1986, 1995, and 1998. The ten driest years are

1947,

1976, 1977, 1987, 1988, 1990, 1991, 1992, 1994, and 2001.
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Figure 3-13 — Monthly X2 variability during wet and dry years (1945-2003)
Determination af the ten wettest and driest vears is bused on the total anmual unimpaired Net Delra
Ouiflow, The fen wettest years are 1932, 1956, 1958, 1969, 1974, 1982, 1933, 1986, 1995, aid 1998,
The ten driest years are 1947, 1976, 1977, 1987, 1988, 1990, 199], 1992, 1994, amed 20N
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3.3.4. Salinity at Collinsville

Collinsville, near the confluence of the Sacramento and San Joaquin Rivers, was one of the
first long-term ling locations impl 1 by the State of California. The Suisun Marsh
Branch™ of the DWR estimated monthly average salinity at Collinsville for the period 1920-
2002, using a combination of 4-day TDS (total dissolved solids) grab samples from 1920-
1971 and EC measurements from 1966-2002, Data from the overlap period of 5 years
between the TDS grab samples and EC measurements were used in a statistical regression
model, and the monthly averaged 4-day TDS samples were converted to monthly average EC
(Enright, 2004). The result of this regression analysis was a time series of monthly EC
values at Collinsville for the period of 1920-2002.
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Figure 3-14 — Observed salinity at Collinsville
Monthiy average salinity at Collinsville black dots and black line), with the 12-month running
average (red line) and 5-year vinning average (e ling).

Figure 3-14 shows the monthly average salinity at Collinsville for the period of 1920-2002,
and Figure 3-15 shows the long-term trends in monthly salinity at Collinsville. Although the
maximum values of salinity in the 1920°s and 1930’s far exceed subsequent salinity
measurements at Collinsville, during the winters and springs of the 1920°s and 1930°s, the
water at Collinsville freshened considerably. During the dry periods of 1920°s and 1930°s,
monthly average salinity was below 350 pS/em EC (approximately 50 mg/L chloride) for at
Jeast one month in every year. The one exception is 1924 which is inconclusive because no
data were available from November through March, Monthly average EC data are missing
for a portion of the winters and springs prior to 1926, and data for 1943 are missing entirely.

2 Data provided by Chris Enright (DWR), personal communication, 2007,
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Figure 3-15 — Year-to-year trends in monthly-average salinity at Collinsville, 1920-2002

40

Monthly average salinity at Collinsville (black does), with the ! 2-month running average fred line) and
S-year running average {biwe line) for individual months.

Relatively fresh winters and springs during the 1920’s are consistent with observations by
C&H during that time period. However, monthly EC at Collinsville during the recent
droughts (1976-1977 and 1987-1993) was always greater than 350 pS/em EC, except for one
month in both 1989 and 1992. These monthly observations of EC at Collinsville indicate that
during the recent dry periods (1976-1977 and 1987-1993), EC at Collinsville was higher than
that during similar dry periods in the 1920°s and 1930°s

Enright and Culberson (2009) analyzed the trend in salinity variability at Collinsville from
1920-2006. They found increasing salinity variability in eleven of twelve months and
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attributed it to water operations. In seven months (January-May, September-October) the
increasing trend was significant (p<0.05).

Even in the six-year drought from 1928 to 1934, the Delta still freshened every winter
(Figure 3-16). However, as shown in Figure 3-16, the Delta has not freshened during more
recent droughts (1976-1977, 1987-1994, and 2007-2009). This indicates that the historical
“flushing” of the Delta with fresh water is no longer oceurring. This lack of flushing can also
allow waste from urban and agricultural developments upstream of and within the Delta to
aceumulate. Contaminants and toxics have been identified as factors in the decline of the
Delta ecosystem (Baxter er al. 2007). The data indicate the effect of managing to the X2
standard (implemented in 1995), as the salinity levels attained in the most recent drought are
not as high as the 1976-77 and 1987-1992 droughts.
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Figure 3-16 — Average Winter salinity at Collinsville
Anrvel average salinity during the winter (Junuary throwgh March) for water years 1927 to 2009,
Bars are coloved by water year type as defined by the Sacramenta 40-30-30 index. Grey shading
indicates mudti-year droughis that include ar least one critical water year.
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Figure 3-17 — Average Fall salinity at Collinsville
Annial average salinity during the fafl months (October through December) for water vears 1920 o
2009, Bars are colored by water year rype as defined by the Sacramento 40-30-30 index. Grey
shading indicates multi-vear droughts that include at least one critical water year.
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Figure 3-17 presents the variation in average fall salinity at Collinsville from 1920 to 2008
(October-December). Fall salinity is now high almost every year, while in the past, fall
salinity was only high in dry and critical years. High salinity in the fall has been identified as
a factor in the decline of the Delta ecosystem. Baxter ef al. (2008) noted that “fall salinity
has been relatively high during the POD years, with X2 positioned further [sic] upstream,
despite moderate to high outflow conditions during the previous winter and spring of most
years.”

Conclusions

o Inthe 1920°s and 1930"s, the Delta freshened annually, even during droughts. In recent
droughts, the Delta does not always freshen during the winter.

e Prior to 1976, fall salinity was high only in relatively dry years. Recently, fall salinity is
high almost every year.

3.3.5. Salinity at Mallard Slough

A 1967 agreement between the Contra Costa Water District (CCWD) and the State of
California requires the State to reimburse CCWD for the decrease in availability of usable
river water, defined as water with less than 100 mg/L chlorides, at the Mallard Slough intake
(CCWDD, 1967). The 1967 agreement, and similar agreements between the State and other
Delta water users, recognized the State Water Project (SWP) would increase salinity at
Mallard Slough. The agreement defined a baseline of 142 days of usable water per year,
based on the average number of days of usable water at the Mallard Slough intake from
1926-1967. Since 1967, the average number of days of usable water®' (for the period 1967-
2005) has declined to 122, indicating a 20-day (14%) reduction in the number of days of high
quality water at Mallard Slough since the completion of the SWP.

' The data are from the USBR-CVO record of EC at Pittsburg, approximately 2 km upstream of Mallard Slough
from 1967-2005. Since this station is located upstream of Mallard Slough, the number of days of usable water at
Mallard Slough since the SWP was built may be overestimated.
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Table 4-1 — Testimony regarding pumping plant operations and water quality in the 1920
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Qualitative Observations of Historical Freshwater Flow
and Salinity Conditions

In this section, qualitative observations of salinity conditions in the western Delta and Suisun

Bay from the lawsuit filed by the Town of Antioch in 1920 and from various literature
reports are discussed to provide a perspective of the salinity conditions prevailing in the late
1800’s and early 1900"s. Qualitative observations from early explorers and settlers are
discussed in Appendix E.

4.1. Town of Antioch Injunction on Upstream Diverters

Tn 1920. the Town of Antioch filed a lawsuit {hereinafter referred to as the “Antioch Case™)
against upstream irrigation districts, alleging that upstrcam water diversions were causing
increased salinity intrusion at Antioch. An overview of the Antioch Case is provided in
Appendix E. The court decision, legal briefings, and petitions provide qualitative salinity
observations from a number of witnesses. Although testimony in the Antioch Case is
generally anecdotal, not quantilative, it provides a perspective of the salinity conditions
prevailing in the early 1900°s. Because the proceedings were adversanial in nature, this
report focuses on the testimony of the upstream interests, who were trying to demonstrate
that salinity intrusion was common near Antioch prior to their diverting water (prior to
1920). Consequently, the testimony may be biased in support of this “more saline”
argument.

The upstream interests in the Antioch Case provided information on the operation of

pumping plants along the San Joaquin River at Antioch for domestic water supply and the
quality of water obtained from the pumping plants, summarized in Table 4-1.

Antioch Case

[. Wiinel P'eri‘.'d | Relevant information from the testimony
| of observation |
1866-1878 | Mr. Daodge ran a pumping/delivery operation at Antioch

| = Dodge pumped water into a small earthen reservoir at Antioch
and then hauled the water to residents in a wagon.
| = Cary Howard testified that while he was living in Antioch
{1867-1876), the water became brackish one or two years in the
| fall, when they had to drive into the country to get water. This
likely oceurred during the drought of 1870-71.
‘ 1878-1880 Mr. Dahnken bought and operated the Dodge operation

= Dahnken testified that the water became brackish at high tide
every year in the late summer, and remained brackish at high
| tide until it rained “in the mountains.”
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Time pem.)d Relevant information from the testimony
of observation TN
1880-1903 Belshaw Company provided water
= Dahnken testified that Belshaw Company pumped only at low
tide.
1903-1920 Municipal Plant

= William E. Meek (resident since 1910) testified the water is
brackish at high tide every year, for some months in the year.

= James P. Taylor testified that for at least the last 5 years,
insufficient storage required the plant to pump nearly 24 hours
per day, regardless of tidal phase.

= Dr.J. W. DeWitt testified that during October of most years
between 1897 and 1918, the water was too brackish to drink.
Even when the city only pumped at low tide, the water was
occasionally so brackish that it would be harmful to irrigate the
lawns.

This testimony suggests that, in the late 1800°s, water at Antioch was known to be brackish
at high tide during certain time periods, but Antioch was apparently able to pump fresh water
at low tide year-round. A possible exception was the fall season during a few dry years.
Water at Antioch was apparently fresh at low tide until at least around 1915, At that time,
due to increased demand and inadequate storage, the pumping plants started pumping
continuously, regardless of tidal stage. The window of time each year when Antioch is able
to pump fresh water from the river has been substantially reduced in the last 125 years.

As shown in Appendix A, DWR (1960) estimated that water with a chloride concentration of
350 mg/L or less would be available about 85% of the time if there were no water
management effects. DWR (1960) estimated that chloride concentrations at Antioch would
be less than 350 mg/L about 80% of the time in 1900 and about 60% of the time by 1940,
DWR also projected further deterioration of water quality by 1960 and beyond but did not
include the effects of reservoir releases for salinity control.

Observations of salinity at Antioch during recent years indicate that salinity is strongly
dependent on ocean tides, and the diurnal range in salinity can be as much as the seasonal
and annual ranges in salinity. This is discussed in more detail in Appendices D and E. For
instance, salinity at high tide can be more than five times the salinity at low tide (Figures D-
1, D-2, and D-3), and the salinity during the course of a single day may vary up to 6,000
uS/em EC (Figure D-1). Average daily salinity at low tide during the period of 1983-2002
exceeded 1,000 pS/em’™ EC for about four and a half months of the year (Figure D-3).
During the driest 5 years between 1983 and 2002, salinity at low tide was always greater than
1,000 uS/cm EC (i.e., no fresh water was available at any time of day) for about eight months
of the year. Fresh water is currently available at Antioch far less frequently than prior to the
1920°s.

** The current water quality criterion for municipal and industrial use is 250 mg/L, equivalent to about 1,000 pS/cm

EC.
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Available data and observations indicate that, prior to about 1918, fresh water was available
at least at low tide during almost the entire year, in all but a few dry years. Around 1918, an
abrupt change to higher salinity occurred. Although a prolonged and severe drought also
began about this time, salinity conditions at Antioch did not return to pre-drought levels
when the drought ended, indicating that water management activities (increased upstream
diversions and later storage of water in upstream reservoirs) were the primary causes of this
increased salinity.

4.2. Reports on Historical Freshwater Extent

Several literature reports discuss the spatial extent and duration of salinity conditions in the
western Delta and Suisun Bay during the late 1800"s and early 1900°s. Salinity conditions at
several key Delta locations are summarized below.

Location: Western Delta
Source(s): DPW (1931)

Quotation: “The dry years of 1917 to 1919, combined with increased upsiream
irrigation diversions, especially for rice culture in the Sacramento Valley.
had already given rise to invasions of salinity into the upper bay and
lower delta channels of greater extent and magnitude than had ever been
known before.” (DPW, 1931, pg. 22)

Quotation: “ft is particularly important to note that the period 1917-1929 has been
one of unuswal dryness and subnormal stream flow and that this condition
has been a most important contributing factor to the abnormal extent of
saline invasion which has occurred during this same time.” (DPW, 1931,
pe. 66)

Summary: Salinity intrusion into the Delta during the period 1917-1929 was much
larger than experienced prior to that time.

Location: Pittsburg, CA
Source(s): Tolman and Poland (1935) and DPW (1931)
Quotation: “From 1880 to 1920, Pitisburg (formerly Black Diamond) obtained all or
most of its domestic and municipal water supply from New York Slough
offshore.” (DPW, 1931, pg. 60)
Quotation: “There was an inexhaustible supply of river water available in the New
York Slough [near Pittsburg at the confluence of the Sacramento and San
Joaquin Rivers]. but in the summer of 1924 this river water showed a
startling rise in salinity to 1,400 ppm of chiorine, the first time in many
vears that it had grown very brackish during the dry summer months.”
(Tolman and Peland, 1935, pg. 27)

Summary: Prior to the 1920°s, the water near the City of Pittsburg was sufficiently
fresh for the City to obtain all or most of its fresh water directly from the
river.

Location: Antioch, CA
Source(s): DPW (1931
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Quotation: “From early days, Antioch has obtained all or most of its domestic and
municipal water supply from the San Joaquin River immediately offshore
from the citv. This supply also has always been affected 1o some extent by
saline invasion with the water becoming brackish during certain periods
in the late summer and early fall months. However, conditions were fairly
satisfactory in this respect until 1917, when the increased degree and
duration of saline invasion began 1o resuli in the water becoming too
brackish for domestic use during considerable periods in the summer and
fall” (DPW, 1931, pg. 60)

Summary: Until 1917, the City of Antioch obtained all or most of its freshwater
supplies directly from the San Joaquin River. Salinity intrusion has
prevented domestic use of water at the Antioch intake in summer and fall

after 1917,
Location: Benicia, CA (Suisun Bay)
Source(s): Dillon (1980) and Cowell (1963)

Quotation: “In 1889, an artificial lake was constructed. This reservoir, filled with
fresh water fiom Suisun Bay during the spring runoff of the Sierra snow
melt water ..." (Dillon, 1980, pg. 131)

Quotation:  “...in 1889, construction began on an artificial lake for the [Benicia]
arsenal which would serve throughout its remaining history as a
reservoir, being filled with fresh water pumped from Suisun Bay during
spring runoffs of the Sacramento and San Joaguin Rivers which emptied
into the bay a short distance north of the installation.” (Cowell, 1963, pg.
in

Summary: In the late 19" Century, fresh water was available in the Suisun Bay and
Carquinez Straits for use by the City of Benicia,

The reported presence of relatively fresh water in the western Delta and the Suisun Bay
during the late 1800°s and carly 1900's is consistent with the relatively fresh conditions
observed in the paleoclimate records for this time period (Section 2.3) and the relatively wet
conditions observed in the Sacramento River runoff and precipitation records (Section 3.1).

Additional observations between 1775 and 1841 are included in Appendix E. These
qualitative observations indicated the presence of “sweer” water near the conflucnce of the
Sacramento and San Joaquin Rivers in the vicinity of Collinsville in August 1775 (a period
of average or above-average Sacramento River flow), and September 1776 (a period of
below-average Sacramento River flow). The presence of “very clear, fresh, sweet, and
good" water was reported in April 1776 (a dry year). Historical observations from 1796 and
August 1841 (dry periods) indicated salinity “far upstream™ at high tide and the presence of
brackish (undrinkable) water in Threemile Slough. Current salinity controls and regulations
put brackish water (averaged over 14 days) near Jersey Point and Emmaton, each about 2.5
miles below Threemile Slough, on a regular basis annually.
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5. Conclusions

1. Measurements of ancient plant pollen, carbon isotope and tree ring data show that the
Delta was predominately a freshwater marsh for the past 2,500 years, and that the Delta
has become far more saline in the past 100 years because of human activity. Salinity
intrusion during the last 100 years is comparable to the highest levels over the past 2,500
years,

2. Human activities during the last 150 years, including channelization of the Delta,
elimination of tidal marsh, construction of deep water ship channels, and diversions of’
water, have resulted in increased salinity levels in the Delta. Today, salinity typically
intrudes 3 to 15 miles farther into the Delta than it did in the early 20th Century.

3. Before the substantial increase in freshwater diversions in the 1940°s, the Delta and
Suisun Bay would freshen every winter, even during the extreme drought of the 1930°s.
However, that pattern has changed. During the most recent droughts (1976-1977, 1987-
1994, and 2007-2009), the Delta did not always freshen in winter. Without seasonal
freshening, contaminants and toxics can accumulate in the system and young aquatic
species do not experience the same fresh conditions in the spring that occurred naturally.

4. While half of the past 25 vears have been relatively wet, the fall salinity levels in 21 of
those 25 years have resembled dry-year conditions. In terms of salinity, the Delta is now
in a state of drought almost every fall because of human activity, including water
diversions,

5. Seasonal and inter-annual variation in salinity has also been changed; however, this
change is the result of reduced freshwater flows into the Delta. At any given location in
the western Delta and Suisun Bay, the percentage of the year when fresh water is present
has been greatly reduced or even eliminated.

6. The historical record and published studies show the Delta is far saltier now, cven after
the construction of reservoirs that have been used in part to meet State Water Resources
Control Board water quality requirements in the Delta. Operation of reservoirs and water
diversions for salinity management somewhat ameliorates the increased salinity intrusion,
but the levels still exceed pre-1900 salinities.
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Appendix A. Factors Influencing Salinity Intrusion

Salinity intrusion in the Delta is the result of the interaction between tidally-driven saline
water from the Pacific Ocean and fresh water from rivers flowing into the Delia. Regional
climate change (c.g., sca level rise and change in precipitation regime), physical changes to
the Central Valley landscape (e.g., creation of artificial channels and land use changes), and
water management practices (e.g., reservoir storage, water diversions for agricultural and
municipal and industrial use) affect this interaction between the ocean tides and the
freshwater flow, in turn affecting salinity intrusion in the Delta (The Bay Institute (TBI),
1998, Department of Public Works (DPW), 1931, Nichols er al., 1986, Conomos, 1979, and
Knowles, 2000).

These factors are grouped into three categories (Table A-1) and discussed individually and
qualitatively to provide context for observed salinity variability, which is necessarily due to
the cumulative impact of all factors.

Table A-1 — Factors Affecting Salinity Intrusion into the Delta
Natural and artificial factors affect the salinity of the Delia. The factors are grouped into three
categaries: regional climate change, physical changes to the landscape, and water management
practices

Faetors affecting salinity intrusion

and specific effect on Delta salinity

Regional Climate * Precipitation regime

Change o Long-term reduction of spring (April-July) snowmelt
runoff may increase salinity in the spring, summer, and
fall.

o A shift to more intense winter runoff may not decrease
salinity in the winter because outflows are typically
already high during winter storms.

Category

* QOcean conditions
o Added periodic variability to precipitation (via
mechanisms such as the El Nifio/Southern Oscillation
(ENSO) or Pacific Decadal Oscillation (PDOY))

* Sea level rise
o Expected to increase salinity intrusion {DWR, 2006).

Actual salinity response to rising sea level will depend
upon actions taken to protect against flooding or
overtopping (e.g., new tidal marsh vs. sea walls or
dykes).

Physical Changes to » Deepening, widening, and straightening of Delta channels

the Landscape o Generally increase salinity, but response will depend

upon location within the Delta (DWR,, 2006)
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Category

Factors a.ffﬂ:.ting salihity intrusion
and specific effect on Delta salinity

.

Separation of namral floodplains from valley rivers

o Confining peak flows to river channels would reduce
salinity during flood events.

o Preventing floodplains from draining back into the main
channel would increase salinity after floods (late spring
and summer).

Reclamation of Delta islands

o Varies (the effect on salinity depends on marsh
vegetation, depth, and location), but marshes generally
dampen tides, reducing salinity intrusion

Creation of canals and channel “cuts™

o Generally creates more efficient routes for tidal flows to
enter the Delta, thereby increasing salinity intrusion
relative to native conditions

Deposition and erosion of sediments in Suisun Bay
(Cappiclla ef al., 1999)

o Deposition of mining debris (occurred from 1860°s 1o
approximately 1887) reduced salinity in Suisun Bay and
the western and central Delta (Enright, 2004, Enright
and Culberson, 2009)

o Erosion (occurring since 1887) increases salinity in
Suisun Bay and the western and central Delta (Enright,
2004, Enright and Culberson, 2009)

Water Management
Practices (reservoir
operations, water

divers

exports from the

Delta)

ions, and

* Decreasing Net Delta Outflow (NDO) by increasing

upstream and in-Delta diversions as well as exports

o Increases salinity

« Increasing upstream storage capacity

o Generally increases salinity when reservoirs are filling.
Reservoir releases may decrease salinity if they increase
outflow. Historically, this occurred when flood control
or other releases were required in wetter years.
However, as this study shows, this has generally been
small and intermittent; salinity measurements indicate it
oceurred occasionally prior to 1985, and very seldom
since. Increased early winter diversion of runoff to
storage will maintain or increase high salinities in the
winter,
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A1l Climatic Variability

Changes in precipitation regimes and sea levels, brought about by a changing climate, can
affect the spatial and temporal salinity conditions in the Delta. Long-term variations in river
runofT, precipitation and sea level are discussed below,

A.1.1. Regional Precipitation and Runoff

Precipitation in the Bay-Delta watershed sets the amounr of water available within the system
which could ultimately reach the Bay and affect salinity conditions. However, since
precipitation falls as both rain and snow, runoff to river channels is spread over more months
than the precipitation events themselves; any runoff from rain generally reaches the river
channels within days of the precipitation event, but runoff resulting from snow is delayed
until the spring snowmelt. For this reason, estimates of unimpaired flow (runoff), rather than
precipitation, are generally used to characterize hydrological variability. Unimpaired runoff
represents the natural water production of a river basin, unaltered by water diversions,
reservoir storage and operation, and export of water to or import of water from other basins.

Knowles (2000) determined that variability in freshwater flows accounts for the majority of
the Bay's salinity variability. The spatial distribution, seasonal timing, annual magnitude,
decadal variability, and long-term trends of unimpaired flow all affect the hydrology and
salinity transport in the Delta. Total annual unimpaired flow in the Sacramento and San
Joagquin basins from 1872 through 2009 is presented in Section 3.1, with the seasonal
distribution provided for 1921 through 2003.

The total annual unimpaired flow of the upper Sacramento Basin for water ycars 1906
through 2006 exhibits substantial year-to-year variability with a strong decadal oscillation in
the 5-year running average (see Figure 3-1). On average, over the last 100 years, the total
annual unimpaired Sacramento River flow is increasing by about 0.06% or 11 thousand-acre
feet (TAF) each year, However, increased total annual unimpaired flow does not necessarily
reduce salinity intrusion. Knowles (2000) illustrated that the seasonal timing of runoff can
significantly alter salinity intrusion without any change to the total annual runoff.

Typically, most precipitation in California oceurs during winter in the form of snow in the
Sierra Nevada. The subsequent melting of this snow, beginning in the spring, feeds the rivers
that flow into the Delta. The four months from April through July approximately span the
spring scason and represent the period of runoff due to snow melt. The long-term trend in
spring (April-July) runoff decreased by approximately 1.3 MAF from 1906 to 2006 (Figure
A-1). This effect is believed to be caused by climate change; as temperatures warm, more
precipitation falls as rain instead of snow, and what snowpack that does accumulate tends to
melt earlier in the year. This leads to higher runoff during winter months, but lower runofT in
spring or summer, resulting in the potential for greater salinity intrusion. These observed
changes in the magnitude and timing of spring runoff of the Sacramento River watershed are
consistent with similar changes in spring runoff observed across river watcrsheds of the
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western United States (e.g., Dettinger, 2005; Mote et al., 2005; Stewart et al., 2005). Note
that, from 1920 to 2006, the long-term trend in spring runoff actually increased slightly
(approximately 0.5 MAF).

 Apil o July Total - 1906 - 2006
] Agil to July Toral - 19202006
16 5 yoar Averape of April to July Total
= = Linear {April o July Total - 1906 - 2006)
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Figure A-1 - Unimpaired runoff from the Sacramento River basins from April to July
Daia source: hnp:fedecwarer.ca.govicgi-progs/iodiv/WSIHIST,

Precipitation and runoff are influenced by regional events such as the Little Ice Age (about
1300 to 1850 CE) and the Medieval Warm Period (about 800 to about 1300 CE). During the
Little Ice Age, the winter snowline in the Sierra was generally at a lower elevation, and
spring and summer nighttime temperatures were significantly lower. This temperature
pattern would allow the snowmelt to last further into the summer, providing a more uniform
seasonal distribution of runofT such that significantly less salinity intrusion than occurs today
would be expected. This expectation is borne out by paleosalinity studies (see Section 2.3).

At shorter lime scales, oceanic conditions such as the Pacific Decadal Oscillation (PDO) and
El Nifio/Southern Oscillation (ENSO) also impact precipitation and runoff patterns. Runoff
in the upper watershed is the primary factor that determines freshwater outflow from the
Delta. Anthropogenic flow management (upstream diversions, reservoir operations, in-Delta
diversions, and south-of-Delta exports) alters the amount and timing of flow from the upper
watershed (see Section 2.3). Changes to the physical landscape further alter the amount and
timing of flow (see Section 2.2).
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A.1.2. Sealevel Rise

Sea level fluctuations resulting from the repeated glacial advance and retreat during the
Pleistocene epoch (extending from 2 million years ago to 15,000 years ago) resulted in
deposition of alternating layers of marine and alluvial sediments in the Delta (TBL, 1998). A
warming trend starting about 15,000 years ago ended the last glacial advance and triggered
rapid sea-level rise. At the end of this period (known as the “Holocene Transgression™)
approximately 6,000 years ago, sca level had risen sufficiently to inundate the Delta at high
tide (Atwater et al., 1979).

Sea level is estimated to have risen at an average rate of about 5 em/century during the past
6,000 years and at an average rale of 1-2 cm/century during the past 3,000 years (Cayan et
al., 2008). Observations of sea level at the Golden Gate in San Francisco reveal that the
mean sea level has risen at an average rate of 2.2 cm/decade (or 0.22 mm/yr) over the past
100 years (Cayan er al., 2008). Future increases in sea level are expected to increase salinity
intrusion into the Delta (DWR, 2006); actual salinity response to rising sea level will depend
upon actions taken to protect against flooding or levee overtopping (e.g. new tidal marsh
would generally reduce salinity intrusion, while construction of sea walls or dykes may
further increase salinity).

A.2. Physical Changes to the Delta and Central Valley

Creation of artificial channels, reclamation of marshlands, land use changes and other
physical changes to the landscape of the Delta and Central Valley have significantly altered
water movement through the Delta and the intrusion of salinity into the Delta. Major
physical changes to the Delta and Central Valley landscape have occurred over the last 150
years. As many of these physical changes were made prior to flow and salinity monitoring
(which began in the 1920's), only a qualitative discussion is presented below.

A.2.1. Deepening, Widening, and Straightening Channels
(early 1900’s-present)

The lower Sacramento River was widened to 3,500 feet and straightened (creating Decker
Tsland) around 1910 (Lund ef al, 2007). Progressive deepening of shipping channels began
in the early 1900"s. Original channel depths were less than 10 feet; channels were gradually
dredged to depths exceeding 30 feet, and mai ¢ dredging conti today.

These changes to the river channels have increased salinity intrusion. Deepening the river
channels increases the propagation speed of tidal waves, leading to increased salinity
intrusion. Similarly, straightening the river channels provides a shorter path for the passage
of the tidal waves and increases salinity intrusion. Widening of the river channels increases
the tidal prism (the volume of water in the channels), resulting in further salinity intrusion.
Larger ¢ sections reduce vel . lowering friction losses and maintaining more tidal
energy, which is the driving force for dispersing salinity into the Delta.

. ) .
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A.2.2. Reclamation of Marshland (1850-1920)

In the Central Valley

The original natural floodplains captured large winter flows, gradually releasing the water
back into the river channels throughout the spring and summer, resuliing in a more uniform
flow into the Delta (reduced peak flow and increased low flow) compared to current
conditions. The increased surface area of water stored in these natural floodplains increased
total evaporation and groundwater recharge, reducing total annual inflow into the Delta.

Even with less Delta inflow, the difference in the seasonal flow pattern may have limited
salinity intrusion. The drainage of floadplains back into rivers during the spring and
groundwater seepage back to the rivers in the summer and fall provided a delayed increase in
river flows during the low flow period. Raising and strengthening natural levees in the
Central Valley effectively disconnected the rivers from their floodplains, removing this
natural water storage, increasing the peak flood flows and reducing the low flows. The net
effect of these changes in the Central Valley was to reduce salinity during floods, when
salinity is typically already low, and increase salinity during the following summers and falls,
which is likely to have led to increased maximum annual salinity intrusion.

In the Delta

Reclamation of Delta marshland began around 1850, By 1920, almost all land within the
legal Delta' had been diked and drained for agriculture (DPW, 1931). Before the levees were
armored and the marshes were drained, the channels would have been shallower and longer
(more sinuous), which would have slowed propagation of the tides into the Delta, reduced
tidal energy and reduced salinity intrusion.

The natural marsh surface would have increased the tidal prism. However, the shallow
marsh depth and native vegetation would have slowed the tidal wave progression. The
combined effect on salinity intrusion depends on the location and depth of the marsh, the
nalive vegetation distribution, and the dendritic channels that were removed from the tidally
active system,

Figure A-2 shows the western, central, and southern portions of the Delta in 1869. For
comparison, Figure A-3 shows the same area in 1992, with man-made channels highlighted
grey.

A.2.3. Mining debris

Hydraulic mining in the Sierra Nevada began in the 1860’s and produced large quantitics of
debris which traveled down the Sacramento River, through the Delta and into the Bay.
Mining debris may have contributed to the extensive flooding reported in 1878 and 1881,
Cappiella ef al. (1999) estimate that, from 1867 to 1887, approximately 115 million cubic
meters (Mm3) of sediment were deposited in Suisun Bay. This deposition was due to the
inflow of hydraulic mining debris.

' The legal Delta is defined in California Water Code Section 12220
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Figure A-Z Map of the Delta in 1869
Channels of the western, central, and southern Delta in 1869, prior to extensive reclamation efforts
(Gibbes, 1869)
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Figure A-3 - Map of the Delta in 1992
Channels of the western, central. and southern Delta fram the Delia Atlas (DWR. 1992) Constructed
walerways (highlighted in grev) generally create more efficient routes for tidal flows to enter the
Delra, theveby increasing salinity intrusion relutive fo the native tidul marshes.
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Cessation of hydraulic mining around 1884 resulted in erosion of Suisun Bay, which
continues to erode even today. From 1887 to 1990, approximately 262 Mm3 of sediment
were croded from Suisun Bay. The net change in volume of sediment during 1867-1887 was
68 Mm3 (net deposition) and during 1887-1990 was -175 Mm3 (net erosion). As a result of
these changes, the tidal flat of Suisun Bay increased from about 41 km® in 1867 to 52 km” in
1887, but decreased to 12 km” by 1990 (due to erosion subsequent to the cessalion of
hydraulic mining). Cappiella e al. (1999) attributed the change in the Suisun Bay area from
being a largely depositional environment to an erosional environment not only to the
hydraulic mining practices of the late 1800"s but also to increased upstream water
management practices. The Suisun Marsh Branch of the DWR estimated that erosion of
Suisun Bay (modeled as a uniform change in depth of 0.75 melers) has increased salinity in
Suisun Bay and the western Delta by as much as 20% (Enright, 2004, Enright and Culberson,
2009).

A.3. Water Management Practices

Extensive local, state, and federal projects have been built to move water around the state,
altering the natural flow patterns throughout the Delta and in upstream watersheds. For
clarity in the discussion that follows, definitions and discussions of actual flow and salinity,
unimpaired flow and salinity, and natural flow and salinity, are given below.

Historical (actual) flow and salinity

Historical (or actual) flow and salinity refer to the flow and electrical conductivity, total
dissolved solids concentration, or chloride concentration that occurred in the estuary.
Historical conditions have been observed, measured, or estimated at various times and
locations; they are now measured at monitoring stations throughout the estuary.
Historical data are also used to estimate flow and water quality conditions at other
locations with the following tools: the DAYFLOW program from IEP, the DSM2 model
from the California Department of Water Resources, the X2 equation (Kimmerer and
Monismith, 1992) and Contra Costa Water District’s salinity outflow model (also referred
to as the G-model) (Denton, 1993; Denton and Sullivan, 1993). The use of these tools to
estimate flow and water quality is necessarily dependent upon the Delta configuration to
which they were calibrated. Use of these tools in hypothetical configurations (such as
pre-levee conditions, flooding of islands, etc) is subject to un-quantified error.

Unimpaired flow and salinity

Unimpaired flows are hypothetical flows that would have occurred in the absence of
upstream diversions and storage, but with the existing Delta and tributary configuration.
Unimpaired flows are estimated by the California Department of Water Resources
(DWR) for the 24 basins of the Central Valley; the Delta is one of the 24 basins.
Additionally, DWR estimates unimpaired in-Delta use and unimpaired net Delta outflow
(NDO). Unimpaired NDO estimates can be used to estimate unimpaired water quality
using a salinity-outflow relationship such as the X2 or G-madel tools discussed above.

£ %2 is defined as the distance from the Golden Gate to the 2 part-per-thousand isohaline (equivalent to a salinity of
2 grams of salt per kilogram of water), measured along the axis of the San Francisco Estwary, X2 is often used as an
indicator of freshwater availability and fish habitat conditions in the Delta (Jassby eral., 1995; Monismith, 1998).
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Since unimpaired flows assume the existing Delta configuration, the use of these wols
should not violate their basic assumptions. However, the results should be taken in
context. Water quality based on unimpaired flows compared to water quality based on
historical (actual) flows shows how water management activities affect water quality.
Water quality based on unimpaired flows cannot be considered natural.

MNatural flow and salinity

Matural flow and salinity reflect pre-European settlement conditions, with a virgin
landscape in both the Central Valley and the Delta, native vegetation, and no diversions
or constructed storage. As discussed above, the natural landscape included natural
storage on the floodplains and extensive Delta marsh. Estimation of natural flow requires
assumptions regarding the pre-European landscape and vegetation throughout the Central
Valley. Estimation of natural salinity requires development of new models to account for
pre-European Delta geometry, incorporating the estimates of natural flow. These
assumptions induce an unknown level of error. For this reason, no attempt is made in this
report to calculate natural flow or the resulting salinity. Instead, paleosalinity studies are
examined to provide evidence of salinity in the pre-European era.

Water management practices have continually evolved since the mid-1850"s. As discussed
in Section 1.1, anthropogenic modification include diversion of water upstream and within
the Delta, construction of reservoirs, and system operations to meet regulatory requirements.

The irrigated acreage in the Central Valley has been steadily increasing since 1880 (Figure 1-
3), increasing the upstream diversions of water, There were two periods of rapid growth in
irrigated acreage: from 1880 to 1920 and from 1940 to 1980. In-Delta diversions (Figure 1-
3) began in 1869 with reclamation of Sherman Island, from 1869 to 1930, in-Delta diversions
are assumed to have grown in proportion to the area of reclaimed marshland (from Atwater et
al., 1979).

Upstream diversions first became an issue with respect to Delta salinity around 1916 with the
rapid growth of the rice cultivation industry (Antioch Case, Town of Antioch v. Williams
Irrigation District, 1922, 188 Cal. 451; sce Appendix E.2). These carly “pre-project”
diversions for irrigation had particularly large impacts because of the seasonality of water
availability and water use. Diversions for agriculture typically start in the spring and
continue through the early fall (when river flow is already low). These carly irrigation
practices, combined with the decrease in spring and summer flow due to the separation of
rivers [rom their natural floodplains, resulted in a significant reduction of the spring and
summer river flow, leading to increased salinity intrusion.

Figure A-4 shows the Department of Water Resources’ estimates of the effects of upstream
diversions and south-of-Delta exports on the salinity in the San Joaquin River at Antioch
(DWR, 1960). DWR’s 1960 report indicated that water with less than 350 mg/L chlorides
would be present at Antioch approximately 88% of the time on average “naturally,” and that
availability decreased to approximately 62% by 1940 due to upstream diversions. This
illustrates that upstream depletions had a significant cffect on salinity at Antioch during
1900-1940, prior to the construction of large upstream reservoirs. (For reference, Shasta
Dam was completed in 1945.)
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Figure A-4 - Salinity on the San Joaquin River at Antim:h (DWR 1960)

The Department of Water Resaurces examined the effects of ups and south-of-Delta
exports on salinity in the San Joaquin River at Antioch, estimating r}w;w cent af time water rhar a
certain quality of water (with less than 350 mg/L. chlorides; or less than 1,000 mg/L chlorides) would
be available in the river withour reservoir releases to provide salinity conrol, The estimates for 1960,
1980, 2000, and 2020 assume the reservoirs do not make releases for salinity control and therefore
undevestimate the actwal quality of water during these years.

Figure A-4 also shows estimates of the availability of water in 1960, 1980, 2000, and 2020,
without reservoir releases to provide salinity control, demonstrating that upstream depletions
and in-Delta exports would have continued to degrade water quality at Antioch.
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Exports from the south Delta started in 1951 with the completion of the federal Central
Valley Project pumping facility near Traey, California. Exports from the State Water Project
Banks Pumping Plant, just to the west of the federal facility, began in 1967. As shown in
Figure 1-3, south-of-Delta exports increased rapidly from 1951 through the mid-1970s, and
since then the combined exports have averaged more than 4 million acre-feet per year.

Construction of upstream reservoirs also altered natural patterns of flow into the Delta.
Figure A-5 and Figure A-6 show the extent and rapid rise of constructed reservoirs in the
upstream watersheds of the Delta (DWR, 1993). The location, year of completion and
approximate storage capacities (in acre-feet, AF) are shown in Figure A-5. Figure A-6 shows
the temporal development of reservoir capacity. Reservoir construction began in 1850, The
major reservoirs of the Central Valley Project (CVP) and State Water Project (SWP) are the
Shasta (4.5 MAF capacity) and Oroville (3.5 MAF) reservoirs, respectively. These reservoirs
capture the flow in the wet season (reducing the flow into the Delta in the wet season) and
release water for irrigation and diversions.

California Reservoirs
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WHISKEYTOWH Ge ] | AKE ALMANOR Reservoir Capacity [AF]
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NEW BULLARDS BAR - 5,000- 10,000
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Figure A-5 — Storage reservoirs in California

Location of storage reservoirs within California. Reservoir capacity is indicated by the size of the
cirele, while the vear construction was completed is indicated by colar,

[ ool ]
Exhibit CCWD-6 Echruapy 12,2010



No comments
-n/a-

5.0 s e —— -

| © Individual Dams Shasia, ! 30
45 1 —Cumulative Storage Capacity |
4.0 | 25
3.5

120

Mew Melones
o {15
Fan Luis

lew Don Pedro
Monticello o ot

Capacity [MAF]
B
n

Cummulative Capacity [MAF]

15 yraliCech) New Exchequer | 1g
’ Lake Almanog, pine Fla Eibin iMcroed Kiver)
1.0 Pardee {Kangs R Mew Bullards Bar
’ (Wuba Rivee)
i O Shaughnessy | Isshella - Comanche
g Buena Vla'g Clear Lakes New Hogan g lndizrbVallw |
E o |
0.0 de—e—enam-m T T plkti ctoemings 2l g
185 1870 1890 1910 1930 1950 1970 1990

Year Completed

Figure A-6 - Surface Reservoir Capacity
Timeline of reserveir development in California. Individual reservoir capacity is indicated by the biue
cireles (left axis), while the cumulative capacity is indicated with the red line (right axis).

Water management practices have been altered by regulations that require maintenance of
specified flow and salinity conditions at locations in the Bay-Delta region during certain
periods of the year. The 1978 Water Quality Control Plan and State Water Resources
Control Board (SWRCB) Decision 1485 established water quality standards to manage
salinity to protect Delta agriculture and municipal and industrial (M&1) uses. The listing of
delta smelt as a threatened species under the Endangered Species Act in 1993, followed by
the Bay-Delta Accord in 1994 and the adoption of a new water quality control plan by the
State Water Resources Control Board in 1995 changed the amount and timing of reservoir
releases and south-of-Delta exports. California’s Rice Straw Burning Act was enacted in
1992 to reduce air pollution by phasing out the burning of rice field stubble; by 1999,
Sacramento Basin rice farmers were diverting additional water to flood harvested fields 1o
decompose the stubble.

Changes in water diversions and reservoir operations have altered the magnitude and timing
of river flows to the Delta, and anthropogenic modifications to the Delta landscape have
altered the interaction of fresh water from the rivers with salt water from the ocean, thus
changing patterns of salinity intrusion into the Delta,

F. 4 el -
February 12, 2010 Exhibit COWD-6 A-13



A-l4

Exhibit CCWD-6

February 12, 2010

No comments
-n/a-



No comments
-n/a-

Appendix B. Paleoclimatic Records of
Hydrology and Salinity

This scetion presents paleoclimate records of hydrology (precipitation and unimpaired

runoff) and salinity in the Bay-Delta region, in addition to those pr d in Section 2 of the
main report.
B.1. Methods of Paleoclimatic Reconstruction

The field of paleoclimatology aims to deduce climatological information from natural
“archives” in order to reconstruct past global climate. These archives are created by such
Earth processes as the formation of ice sheets, sediments, rocks, and forests. Examples of
information sampled from such archives include atmospheric temperatures from ice cores
and precipitation cycles from tree rings. When samples are dated, through radiometric or
other methods, the data preserved therein become proxy indices, establishing a timeline of
major events in the local environment of the sample. Multiple samples collected over larger
spatial scales can be cross-dated to create regional climate and landscape process
chronologies.

The material sampled for paleoclimatic reconstructions has limitations that decrease the
resolution and confidence of data going back in time. Although paleoclimatic
reconstructions have a coarser temporal resolution than modern measurements, the variations
in climate and landscape responses to change are reliably described *in the first person™
because the evidence of localized climate change is preserved as a time series in sifu, absent
of human influence.

The San Francisco Bay-Delta has been the focus of several paleoclimatic reconstructions.
Surveys have sampled from Browns Island (Goman and Wells, 2000; May, 1999; Malamud-
Roam and Ingram, 2004), Roe Island (May, 1999; Malamud-Roam and Ingram, 2004) Rush
Ranch (Starratt, 2001; Byrne ef al., 2001; Starratt, 2004), and China Camp and Benicia State
Parks (Malamud-Roam and Ingram, 2004).

Sediment cores are the predominate archive used to reconstruct Bay-Delta climate. Changes
in wetland plant and algae communities are the dominant response in the Bay-Delta to
climate change and associated fluctuations in temperature and precipitation. Proxies of plant
and algac response to environmental conditions are preserved in the sediment cores and
determined by quantification and taxonomic identification of diatom frustules (Byme er al.,
2001; Starratt, 2001; Starratt, 2004), plant seeds and roots {Goman and Wells, 2000) and
plant pollen (May, 1999: Byrne et al., 2001; Malamud-Roam and Ingram, 2004) and
measurement of peat carbon isotope ratios (Byme et al., 2001; Malamud-Roam and Ingram,
2004).

Plant communitics in the Delta are characterized by salt tolerance. Salt-tolerant plant
communities are dominated by pickleweed (Salicornia spp.) while freshwater plant

February 12, 2010 B-l

Exhibit CCWD-6



assemblages are dominated by tule (Scirpus spp.) and cattail (Typha spp.) (Atwater ef al.,
1979). Plants contribute pollen, sceds, and vegetative tissue in the form of peat to the
sediment archive. Plant material deposited to surface sediments are significantly correlated
to the surrounding standing vegetation, and thus plant material preserved in sediment cores
are considered autochthonous to the type of wetland existent at the time of sediment
deposition, allowing reconstruction of the salinity conditions in the Delta over time.

Diatom taxa are classified according to their salinity preference expressed as the Diatom
Salinity Index (DSI) (Eq 1) (Starratt, 2004). Starratt (2001) classified salinity preference as
freshwater (F; 0-2%.), freshwater and brackish water (FB; 0-30%s), brackish (B; 2-30%a),
brackish and marine (BM; 2-35%0), and marine (M; 30-35%,). Samples dominated by marine
taxa have a DSI range of 0.00 to 0.30.

F+FB+0.58

DSI = —_
F+FB+B+BM+M

(1)

Carbon-isotope ratios (PC/™*C) (Eq 2) are measured by spectrometry and the & notation
calculated as

8= @

SN2
Cot

The 5'°C value of peat samples is a proxy for the composition of the plant assemblages
contributing vegetation to the formation of the peat. Plants utilizing the C4 mechanism have
higher 8"C values (~14%o) than those utilizing the C; or CAM (~-27%) (Table B-1). Using
the 8'"°C proxy can detect the presence of upland bunchgrasses such as Sparrina and
Distichiis.

Pollen can be classified to the taxonomic family level. Chenopodiaceae fnow
Salicornioideae) is representative of salt-tolerant Salicornia. Cyperaceae is representative of
freshwater species including Scirpus. The ratio of Chenopodiaceae to the sum of
Chenapodiaceae and Cyperaceae (Eq. 3) is a proxy of the percent relative abundance of salt-
tolerant species (May, 1999).

04ST = Chenopodiaceae

3

Chenapaediaceae + Cyperaceae

To establish chronologics for sediment archives, dates must be established for when material
was deposited through the length of the sediment cores. Radiocarbon dating by Accelerator
Mass Spectrometry (AMS) determines age by counting the *C content of plant seeds or
carbonate shells calibrated against a northern hemisphere atmospheric carbon calibration
curve (Malamud-Roam er al., 2006). Radiocarbon dating is valid to about 40,000 years
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before present (BP) °, making it an ideal method for establishing dates through the period of
interest for the Bay and Delta. When archived proxies are correlated with the sediment core
chronology, a timeline is established reconstructing past climate and landscape response.

Table B-1 — Carbon Isotope Ratios (5'3C] of Plant Species in the San Francisco Estuary
(adapied from Byrne et al. 2001)

Photosynthetic  $13C

Species C Name Pathway (%)
Distichlis spicata Saligrass C4 -135
Spartina foliosa California cordgrass ~ C4 -12.7
Cuscuta salina Salt-marsh dodder €3 -29.8
Frankenia

grandifolia Alkali heath Cc3 -30.2
Grindelia stricta Gumplant G3 -26.4
Jaumea carnosa Marsh jaumea Cc3 -27.2
Juncus balticus Baltic rush c3 -28.4
Lepidium latifolium  Perennial pepperweed C3 -26.6
Scirpus californicus  California bulrush C3 -27.5
Secirpus maritimus  Alkali bulrush C3 2255
Typha larifolia Cattail C3 -27.8
Salicornia virginica__ Pickleweed CAM -27.2

A large number of paleoclimatic reconstructions exist for California and the western U.S.,
but a complete discussion is beyond the scope of this report. These reconstructions are
reviewed by Malamud-Roam er al. (2006: 2007) and provide important context to events in
the Bay and Delia by recording major non-localized events and larger regional climate shifts.
Important examples include: Central Valley oaks, Sierra Nevada giant sequoias, and White
Mountain Bristlecone pines used to establish precipitation and temperature from the location
of the tree line and tree rings; Mono Lake sediments and submerged tree smmp rings for
precipitation; and Sacramento and San Joaquin River floodplain deposits for flood events.
These studies establish a record of environmental conditions in the Bay and Delta from their
formation to the present,

B.2. Major Regional Climatic Events

Formation of the Sacramento-San Joaquin Delta

The Holocene epoch began approximately 8000 BCE at the end of Pleistocene glaciations
(Malamud-Roam et al., 2007). In the early Holocene, a general warming and drying period
in California accompanied high orbitally driven imsolation until insolation reached current
values at approximately 6000 BCE. In the Sierra Nevada, western slopes were in the early
stages of ecological succession following the retreat of glaciers. The modern river floodplain
systems were forming in the Central Valley. Parts of the Delta and Bay were river valleys

Before Present (BP) is a time scale, with the year 1950 as the origin, used in many scientific
disciplines. Thus, 100 BP refers to the calendar year 1850.
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prior to approximately 8000 to 6000 BCE, when rapidly rising sea level entered the Gelden
Gate and formed the early Bay estuary (Atwater et al., 1979). A fringe of tidal marshes
retreated from a spreading Bay until approximately 4000 BCE when the rate of submergence
slowed to | to 2 cm per year, allowing the formation of extensive Delta marshes over the
next 2000 years (Atwater ef al., 1979). Sedimentation from upstream sources kept up with
subsidence from increasing sea-level rise.

2000 -1 BCE

Afler 2000 BCE. information from archives indicates climate in the Bay and Delta was
cooler with greater freshwater inflows. The Sierra Nevada became more moist and cooler
during a period ca. 4000-3500 BP (Malamud-Roam et al., 2006).

1 BCE - Present

The cooler and wetter period ended approximately | BCE, replaced by more arid conditions
(Malamud-Roam, 2007). Major climatic events, known from other parts of the world, are
captured in the regional paleoclimatic reconstructions and help to calibrate or correlate these
reconstructions to global events. Unusually dry conditions prevailed during the Medieval
‘Warm Period (approximately 800-1300 CE). Wetter and cooler conditions existed during the
Little Tee Age (approximately 1400-1700 CE).  These climate variations are reflected in
variations in the plant communities.

Droughts

Two extreme droughts occurred in the region from about 900 to 1150 CE and from 1200 to
1350 CE. Low freshwater inflows to the Delta oceurred during periods 1230-1150, 1400-
1200, 2700-2600, and 3700-3450 B.P.

Flood Events

Periods of increase moisture occurred from 800-730 BP and 650-300 BP. Massive flooding
inundated the Central Valley in the winter of 1861 (Malamud-Roam ef al., 2006). High
periods of inflow occurred during 1180-1100, 2400-2200, 3400-3100, and 5100-3800 BP.

Sampling for paleoclimatic reconstructions captures the modern era, enabling a comparison
of current conditions with conditions over the past several thousand years. The erratic nature
of precipitation in California observed over the past century have been normal and small
compared to natural variations over the past millennia.

Reconstructed River Flow and Precipitation Records

Meko et al. (2001a) used tree-ring chronologies in statistical regression models to reconstruct
time series of annual unimpaired Sacramento River flow for approximately the past 1,100
vears (see Section 2.1). Similarly, Graumlich (1987) used tree ring data from the Pacifie
Northwest to reconstruct precipitation records for the period of 1675-1975 (Figure B-1).
Compared to the average observed precipitation from 1899 to 1973, the reconstructed record
has above-average precipitation during the latter half of the nineteenth century (1830-1900)
(Figure B-1). These relatively wet conditions during the late 1800’s and the severe dry
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conditions from the 1920’s trough the 1930s in the reconstructed precipitation record are
consistent with the annual unimpaired Sacramento River flow reconstruction from Meko er
al. (2001) presented in Section 2.1.

Precinitation Index

-4 ~—rrr-rf+-r-rrrtrrrr—tr—
1700 1150 1800 1850 1900 1950

Years

Figure B-1 - Reconstructed annual precipitation, 1675-1975
Data from Graumlich (1987). Precipitation index is presented in units of standard deviation fram the
1895-1975 ahserved mean value.

Estimates of annual precipitation (Graumlich, 1987) and unimpaired runofT (Meko et af.,
2001a) from tree ring analysis are used in this stdy to provide hydrological context,
indicating the relative hydrology (e.g. wet or dry) of a specific year and surrounding decade.
The reconstructed hydrological data are not used to estimate salinity intrusion for two
reasons. First, the seasonal distribution of hydrology is critical in determining salinity
variability; two years with the same total annual flow could have significantly different
salinity intrusion due to the timing of the flow (Knowles, 2000). Second, since 1850,
anthropogenic modifications to the landscape and river flows alter the hydrodynamic
response to freshwater flow, somewhat decoupling the unimpaired hydrology from the
downstream response (i.e. salinity intrusion).

Malamud-Roam ef al. (2005) and Goman et al. (2008) review paleoclimate as it relates to
San Francisco Bay. Generally, they found that paleoclimatic studies showed that a wetter
{and fresher) period existed from about 4000 BP to about 2000 BP. In the past 2,000 years,
the climate has been cooling and becoming drier, with several extreme periods, including
decades-long periods of very wet conditions and century-long periods of drought. As
discussed in the next section, the century-long periods of drought are found in paleosalinity
records in Suisun Bay and Rush Ranch in Suisun Marsh, but are much less evident in Browns
Island, indicating a predominately freshwater marsh throughout the Delta. Citing Meko ef al.
(2001}, they note that only onc period had a six-year drought more severe than the 1928-1934
period: a seven-year drought ending in 984 CE. They also not the most extrerne dry year was
in 1580 CE, and state that it was almost certainly drier than 1977, On the whole, however,
the last 600 years have been a generally wet period. This is reflected in the salinity records
discussed in the next section,
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B.3. Reconstructed Salinity in the Bay-Delta

Starratt (2001) reconstructed historical salinity variability at Rush Ranch, in the northwestern
Suisun Marsh, over the last 3,000 years by examining diatoms from sediment cores. The
taxa were classified according to their salinity preference: freshwater (< 2%o), freshwater and
brackish water (0%o to 30%e), brackish (2%e to 30%.), brackish and marine (2%a to > 30%),
and marine (> 30%). Based on the composition of the diatom assemblages, Starrat identified
centennial-scale salinity cycles (Table B-2).

Table B-2 — Salinity Intervals over the last 3,000 years at Rush Ranch

Salinity intervals determined from the diatom p lations tn a sed; core it h Steisn
Marsh.
Approximate Years Type of Interval
1850 CE - present [not classified]
1250 CE- 1850 CE fresh
250 CE- 1250 CE brackish
500 BCE - 250 CE fresh
1000 BCE - 500 BCE brackish

* Classification according to Starratt (2001)

These results correspond well to other paleoclimatic reconstructions. The most recent broad-
scale freshwater interval roughly corresponds to the Little Ice Age, and the most recent
brackish interval corresponds to the Medieval Warm Period.

Starrait notes that the post-1850 interval indicates an increase in the percentage of diatoms
that prefer brackish and marine salinities compared to the last freshwater interval, indicating
an increase in salinity during the last 150 years, in comparison to the previous 600 years.
During the post-1850 period, diatoms that prefer “marine” environments constitute as much
as 50% of the total diatom population, a percentage that is at or above that of any other
period. During the most recent years, “freshwater” assemblages constitute about 20% of the
total population, a percentage that is only about 10% higher than the most recent brackish
interval from 250 to 1230 CE.

Malamud-Roam et al. (2006) compared reconstructed salinity records for the past three
thousand years from four locations (three tidal marsh locations and one location in the Bay)
in the Bay-Delta region (Figure B-2(a)). Figure B-2(b) shows several periods with higher
than average salinity (¢.g., 1600-1300 and 1000-800 BP and 1900 CE to present) and several
periods with lower than average salinity (e.g., 1300 to 1200 BP and 150 to 100 BP). These
paleosalinity records are consistent with each other and with the paleoclimatic records of
river flow and salinity presented in Section 2.
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Figure B-2 — Paleosalinity records at selected sites in the San Francisco Estuary
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(a} lacation of the three tidal marsh sites (China Camp, Benicia State Park and Roe Island) and one
site in the Estuary (Oyster Point in San Francisco Bay) where sediment cores were obtained.

(b) time series for the pollen index franging from 0 to 1, higher values corresponding to higher
salinity) and the 313C values ai the tidal marsh sites; salinity at Oyster Point, San Franciseo Bay
(inferred from 8130 values) is also shawn. The broken line shows the esiimated mean pollen index
prior te Evropean disturbance. (modified from Malamud-Roam and fngram (2004) and Malamud-

Roam e1 al. (2006})
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Appendix C. Quantitative Hydrological Observations

Long-term records of river runoff are useful in understanding hydroclimatic variations.
Section 3.1 discusses the long-term variations of the unimpaired Sacramento River runoff
and unimpaired San Joaquin River runoff. The estimates of these variables from early
1900"s to the present are available on the intemet . Estimates prior to the early 1900’s (late
1800°s to carly 19007s) were obtained from a 1923 California Department of Public Works
report (DPW, 1923). Table C-1 through Table C-4 present estimates of Sacramento River
runoff and San Joaguin River runoff for the period of 1872-2008, obtained from DPW (1923)
and hup://edec.water.ca.gov/cgi-progs/iodit/ WSIHIST,

The unimpaired Sacramento River runoff is the sum of the flows from the Sacramento River
at Bend Bridge, Feather River inflow to Lake Oroville, Yuba River at Smartville, and the
American River inflow to Folsom Lake. The unimpaired San Joaquin River runoff is the
sum of the flows from the Stanislaus River inflow 1o New Melones Lake, Tuolumne River
inflow to New Don Pedro Reservoir, Merced River inflow to Lake McClure, and San Joaquin
River inflow to Millerton Lake.

Table C-1 — Annual unimpaired Sacramento River runoff for 1872-1905
Data sowrce: DPW (1923

Feather x American
Water S'I:ir:::‘;':!lo River (@ R:::‘ﬁ" River @ Sacramento
| YO | BendBridge | LA | Smartville | Tpisom | River Runoff
| Acreect(AP) et
| 1872 10,200,000 7,254,000 4,352,000 | 4.215,600 26.0
1873 4.780.000 3.347.000 1638400 | 1.862.200 11.6
1874 7,300,000 5,571,000 3,340,800 3.079.800 12.3
1875 4,390,000 2,747,000 1,561,600 1,391,600 10.1
1876 14,500,000 6,867,000 3,504,000 | 4450900 204
1877 9,870,000 2,437,000 1,292,800 1,289,200 149
1878 17,800,000 4,836,000 2,528.000 | 2,721,700 279
1879 §.380,000 5.513.000 2,796.800 | 3.304.900 20.0
1880 12,300,000 7.061 000 3,641,600 | 4.502.100 275
1881 15,400,000 3610000 3,104,000 | 3.540,300 7.7
1882 8,000,000 4,797,000 | 2,150.400 | 3,264,000 18.2
1883 6,670,000 3.714,000 1804800 | 2,169,200 144 |
| LB84 11,400,000 6,190,000 3,104,000 | 4,103,000 48
1885 |  6.460.000 3,482,000 2,304,000 | 1,780.400 140
| 1886 | 14400000 | 6384000 | 3,174,400 | 3,918.900 279
1887 6,670,000 2611000 | 1,561,600 1,862.200 127
1388 5,430,000 2,669,000 Q08 400 1,575,700 10.7
1389 10,600,000 5,126,000 1612800 1,903,200 192
1890 22,700,000 12,000,000 | 6,176,000 | 7.725.200 48.7
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rican
Water Sacramenty l!:::::g} \_r’uba “I!‘::zrté Sacramento
River @ River @ 2
Year | pod Bridge Lake Siiartyills Folsom River Runofl
Oraville Lake
1891 6,460,000 3,482,000 1,747,200 1.944.100 13.6
1892 7,250,000 5,416,000 1,945,600 | 2,568,200 17.2
1893 12,400.000 7.177.000 3A88.000 | 4.399.800 1.5
1894 8,640,000 4,410,000 2432000 | 3,304,900 188
1895 12,300,000 7,177,000 4,160,000 | 4.737.400 284
| 1896 11,343,200 7.738.000 | 3.641.600 | 3.857.500 266 |
1897 | 10391400 | 5610000 | 3040000 | 3.632.400 22.7
| 1898 5,135,800 2,805,000 1,184,000 1.186.900 10.3
1899 5.977.400 3,288,000 1,984,000 | 2,362.600 13.6 |
1900 8.712,500 6,500,000 2,956,800 3,683,500 219 ]
1501 9,020,900 6,229,000 2854400 | 3,714,200 218 |
1902 11,380,600 4,468,000 2,432,000 | 3,079.800 214
1903 9,941,800 4,483,500 2,368,000 | 3.038900 19.8
1904 16,093,800 9,377,000 4,101,800 | 35.249.000 348 |
1905 10.775.200 4.529.200 2403500 | 2050000 19.8 |
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Table C-2 — Annual unimpaired Sacramento River runoff for 1906-2009
Data Sowrce:  hp:ledec.water.ca,goviegi-progs/iodi/WSIHIST

Sacramento Sacramento | " Sacramento Sacramento
ﬁ::crr River Runofl \::::err River Runoff ‘:,:;Err River Runofl ‘::r: River Runoff
(MAF) (MAF) (MAF) (MAF)
1906 | 267 1936 17.4 1666 13.0 1996 223
1907 [ 337 1937 133 1967 24.1 1997 254
1908 | 148 1938 318 1968 13.6 1998 | 314
1909 30.7 1939 82 1969 270 1999 21.2
1910 20.1 1940 224 1970 24.1 2000 18.9
1911 264 1941 27.1 1971 226 2001 9.3
1912 114 1942 25.2 1972 13.4 2002 14.6
1913 129 1943 21.1 1973 20.1 2003 193
1914 218 1944 10.4 1974 325 2004 16.0
1915 239 1043 15.1 1975 19.2 2005 186
1916 24.1 1946 176 1976 8.2 2006 321
1917 173 1947 10.4 1977 5.1 2007 103
1918 1.0 1948 15.8 1978 239 2008 103
1919 | 15.7 1949 12.0 1979 124 2009 129
1920 | 9.2 1950 14.4 1980 223
1921 | 28 1951 23.0 1981 111
1922 18.0 1952 286 1982 334
1923 | 132 1933 20.1 1983 37.7
1924 | 5.7 1954 17.4 1984 224
1925 | 16.0 1955 1.0 1985 11.0
1926 118 1956 299 1986 258
| 197 238 | 1957 149 1987 93
1928 16.8 1958 29.7 1988 9.2
1929 | 84 1059 12.1 1989 14.8
1930 135 1960 13.1 1950 93
1931 6.1 1961 12.0 1991 3.4
1932 13.1 1962 15.1 1992 8.9
1933 89 1963 23.0 1993 222
1934 8.6 1964 10.9 1994 78
1935 | 16.6 1965 256 1993 4.6
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Table C-3 - Annual unimpaired San Joaquin River runoff for 1872-1900

Doata source: DPW (1923}

Stanislaus | UMM | yferced S8
Water | River (@ New \l}“‘?:r @ River @ douguby San Joaquin
Year Melones Hew Dow Lake Hiven @ River Runoff
Lake Pedro McClure Millerton
Reservoir Lake
2 units of million
units of acre-feet (AF) acte-foet (MAF)
1872 1,860,000 2,624,000 | 1,511,000 | 2,627,000 8.6
1873 959,000 1,543,000 769,000 1,122,000 4.4
1874 970,000 1.576,000 791,000 1.862.000 5.2
1875 482,000 982,000 439,000 887,000 1.8
1876 2.530.000 4.059.000 | 2.384.000 | 2.862.000 12.2
1877 408,900 561,000 220,000 809,000 2.0
1878 1,570,000 2,286,000 1,274,000 2,218,000 7.3
1879 823,000 1,353,000 639,000 470,000 33
1880 1,390,000 207,000 | 1,132,000 | 3,349,000 1.9
1881 970,000 1,576,000 741,000 2,740,000 6.1
1882 944,000 1,526,000 764,000 1,000,000 4.2
1883 1,020,000 1,600,000 §13.000 1,392,000 4.8
1884 2,250,000 3,152,000 | 1,840,000 | 5,732,000 13.0
| 1885 | 582,000 1,097,000 505,000 1,218,000 34
1886 2,070,000 2,920.000 | 1,692,000 | 5211000 11.9
1887 619,000 1,139,000 538,000 1,479,000 | 38
1888 540,000 1,048,000 478,000 957,000 3.0
1889 718,000 1,262,000 599,000 1,574,000 4.2
1890 3,580,000 5,059,000 2,955,000 4,349,000 16.0
1891 959,000 1,543,000 769,000 1,227,000 45
1892 1,050,000 1,650,000 | 846,000 1,931,000 55
| 1893 | 2150000 | 3036000 | 1758000 | 1914.000 89
| 1894 1,860,000 2,624,000 | 1,511,000 | 1,331,000 1.3
1895 2,700,000 3,795,000 | 2,236,000 | 2,786,700 | 11.5
1896 1,380,000 1,588,100 | 1,110,000 | 1985700 | 6.1
1897 1,920,000 2437100 1,566,000 2,219,700 | 8.1
1898 408,000 960,500 450,000 922300 | 238
1599 1,030,000 1,334,700 £24,000 1,269,500 4.5
1900 | 1,350.000 1.628.100 | 1.099.000 | 1.343,000 | 5.4
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Tahle C-4 — Annual unimpaired San Joaquin River runoff for 1901-2009
Data Source: httptedec. water. ca_gaviegi

iadir/WSIHIST

I [

San Joaquin | San Joaquin . San Joaguin San in
| Wnter River R:mll Wyller River R:noﬁ (asen River R:not‘! Waker Rlve:!alrllll:n[f
Year (MAF) | ear (MAF) Year (MAF) Year | (MAF)

[ 1901 9.4 1031 17 1961 2.1 1991 By |

| 1902 5.1 1932 5.6 1962 56 1992 26

[ 1903 5.7 1933 33 1963 6.2 1993 8.4

| 1904 7.6 1934 23 1964 3.1 1994 15
1905 53 1935 6.4 1965 8.1 1995 12.3
1906 124 1936 6.5 1966 4.0 1996 7.2

| 1907 1.8 1937 6.5 1967 10.0 1997 9.5
1908 | 33 | 1938 1.2 1968 29 1998 104
1509 90 1939 9 1069 12.3 1909 59
1910 6.6 1940 66 1970 s6 | 2000 59
1911 11.5 1941 79 1971 49 2001 32
1912 32 1942 74 1972 36 2002 4.1
1913 30 1943 73 1973 6.5 2003 49

| 1914 8.7 1944 39 1974 7.1 2004 1%

[ 1915 6.4 1945 6.6 1975 6.2 2005 9.2
1916 84 1946 “ 1976 2.0 2006 10.4
917 | 67 1947 34 1977 11 2007 25 |

L1918 46 1948 42 1978 9.7 2008 3.3

1018 4.1 1949 38 1979 6.0 2009 50

[ 1920 4.1 1950 47 1980 9.5
1921 59 1951 7.3 1981 3.3
1922 1.7 1952 9.3 1982 1.4
1921 55 1953 4.4 1983 15.0
1924 1.5 1954 43 1984 7.1
1925 5.5 1955 35 1985 36
1926 35 1956 9.7 1986 9.5
1927 6.5 1957 4.3 1987 21

[ 1928 44 1958 84 1988 25

| 1929 28 1959 30 1989 36

1930 33 1960 3.0 1990 25
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Appendix D. Instrumental Observations of Salinity

In Section 3, historical variations in the net quantity of water flowing from the Delta to the
Suisun Bay (called net Delta outflow or NDO) and salinity in the western Delta were
discussed using available observations and a suite of commonly used modeling tools. This
section presents additional information on the historical variations of NDO and salinity in the
western Delta and Suisun Bay discussed in Section 3.

D.A. Introduction

D.1.1.  Salinity Units

Salinity is specified in this report either as electrical conductivity (EC, in unils of
microSiemens per centimeter, or pS/cm) or as a concentration of chloride in water (in units
of milligrams of chloride per liter of water, or mg/L). Conversion between EC and chloride
concentration is accomplished using site-specific empirical relationships developed by
Kamyar Guivetchi (DWR, 1986). Table D-1 presents a sample of typical EC concentrations
and their approximate equivalent chloride concentrations.

Table D-1 - Typical electrical conductivity (EC) and equivalent chloride concentration

Electrical
Conductivity (i::::d;
(uS/cm)

350 50

525 100
1,050 250
1.900 500
2,640 700
3.600 1.000

Qualitative terms such as “fresh” and “brackish” are often used to describe relative salinity.
The quantitative thresholds of average chloride concentration that distinguish fresh water
from brackish water and the averaging time period vary among studies. For instance,
chloride concentrations of 1,000 mg/L, 700 mg/L, and 50 mg/L have been used by different
studies (Table D-2).

D.1.2. Temporal and Spatial Variability of Salinity

The main variability in salinity along the length of the Bay-Delta system is due to the
gradient from saline Pacific Ocean water (EC of approximately 50,000 pS/cm) to fresh water
of the Central Valley rivers (EC of approximately 100 pS/cm). However, the salinity in the
Bay-Delta varies both in space and time. It is important to clarify which time scales and
measurement locations are being used when comparing and discussing salinity trends.

] 12, 2 .
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Table D-2 — Metries used to distinguish between “fresh™ and “brackish” water

B Salinity Value

Chloride
(mg/L)

1,000 mg/L | 3,700 uSfcm

Sample timing or

Descriplion : F
averaging

EC (uS/em)

Isohalines in Delta Annual maximum of
Atlas (DWR, 1995) the daily maximum

X2 position (Jassby | Daily average ,
et al., 1995) (or a 14-day average) 00ng/L | 2,640 ASicim
Barge travel by Monthly average of

S0mg/L | 350 pS/icm

c&H' | the daily maximum

Salinity in the western Delta is strongly influenced by tides. The hourly or daily variability of
salinity can be much larger than the seasonal or annual variability. For instance, during the
fall of 1999 (following a relatively wet year”), hourly EC in the San Joaquin River at Antioch
varied by about 6,000 pS/cm (from about 3,000 pS/cm to 9,000 uS/em) while the daily-
averaged EC for all of 1999 ranged from about 100 uS/em to 6,000 uS/em (Figure D-1).

Salinity on San Joaquin River at Antioch
12000

Wet WY Wet/AN WY
35 MAK 27 MAF
10000

8000

——Hourly Data
= Daily Average

€000

EC [uSfcm]

&
8

2000

o7 1998 1999 2000

Figure D-1 - Hourly and daily salinity variability in the San Joaquin River at Antioch
Totetd annital wnimpairved Sacramento River fow and water vear type is indicated for each water year.
Data Source: 1EP Data Vaults § hip:/www.icp.ca.govidss/ )

¥ The California & Hawaiian Sugar Refining C in Crockett (C&H) obtained its freshwater supply from
barges traveling up the Sacramento and San Joaquin Rivers, generally twice a day beginning in 1908 (DPW, 1931).
* Water year 1999 was classified as wet using the Sacramento Valley 40-30-30 index and above-normal using the
San Joaguin Valley 60-20-20 index; indices are defined in D-1641.
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! |-
2000 i) £000 ]
Daily Average Salinity JEC
Figure D-2 - Tidal Variability in Salinity at Antioch (1967 to 1992)
Data Source: 1EP Data Vaults { htip:/fwww.iep.ca.govidss! )

14000

000+

2
2

i)

1003 +

Daily Average

Figure D-3 — Tidal Variability in Salinity at Rie Vista (1967 to 1992)
Data Senerce: TEP Data Vaulis ( hitp: iwww.iep.ca. govdss/ )
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The high tide maximum, low tide minimum, and daily-averaged salinity at a given location
are very different. As shown in Figure D-2, the daily maximum salinity in the San Joaquin
River at Antioch can be double the daily-averaged salinity. Because of the large tidal
variability in salinity, any comparisons of salinity observations should be at the same phase
of the tide, or at least take into account tidal variability.

Similarly, as shown in Figure D-3, the daily maximum salinity in the Sacramento River at
Rio Vista can be 170-400% of the daily average salinity. The daily minimum at Rio Vista
may be 10-65% of the daily average.

D.2. Variations in the Spatial Salinity Distribution

Ohservations examined in this section and Section 3.3 include records from the carly 1900°s
from the California & Hawaiian Sugar Refining Corporation in Crockett (C&H) and the
long-term monitoring data from the Interagency Ecological Program (IEP). Estimates of
salinity at specific locations of interest were obtained from DWR’s DSM2 model and Contra
Costa Waler District’s salinity-outflow model (also known as the G-model) (Denton, 1993).
Estimates of salinity intrusion were obtained using the K-M equation (Kimmerer and
Monismith, 1992).

D.2.1. Distance to Freshwater from Crockett

The California & Hawaiian Sugar Refining Corporation in Crockett (C&H) obtained its
freshwater supply from barges traveling up the Sacramento and San Joaquin Rivers,
generally twice a day beginning in 1905 through 1929 or later (DPW, 1931). The salinity
information recorded by C&H is the most detailed salinity record available prior to the
intensive salinity monitoring by the State of Califomnia, which started in 1920. This section
presents a comparison of the salinity observations of C&H with recent monitoring data and
modeling results to determine how the managed salinity regime of the late 20" Century
compares to the salinity regime of the early 1900s,

Data Sources and Methods

C&H data: C&H operations required water with less than 50 mg/L chloride concentration.
According to DPW (1931), the C&H barges typically traveled up the river on flood tide and
retumned downstream on ebb tide. Since the maximum daily salinity for a given location in
the river channel typically occurs about one to two hours afier high slack tide, the distance
traveled by the C&H barges represents approximately the daily maximum distance to 50
mg/L water from Crockett. The monthly minimum, average, and maximum distance traveled
by C&H barges are shown in Figure D-4 and Figure D-5. For the following analysis,
monthly averages of the C&H daily maximum distances were extracted from Figure D-5 for
the period of 1908-1918 (after 1917, extensive salinity intrusion was reported and
agricultural diversions reportedly started affecting flows into the Delta).

rebruary 12,2
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Figure D-4 — C&H Barge Travel Routes
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Figure D-5 - C&H Barge Travel and Quality of Water obtained
C&H barge travel up the San Joaguin River (1908 through 1918, top panel) and Sacramento River
(1919 through 1929, bawam panel). The lower three lines on each panel freference to the lefi axes)
indicate the monthiy minimn (dashed fine), monihly maximum (donied fine), and monthly average
(solid line) distance waveled by C&H barges to obtain their fresh water supply. The uppermast solid
line on each panel (reference to the right axes) indicates the average monthly salinity of the water
obtained by the barges. Figure adapted from DPW (1931}

From 1908 through 1917, C&H was able to obtain water with less than 50 mg/L chlorides
within 30 miles of Crockett on average (below Jersey Point on the San Joaquin River). In
1918, the salinity of the water obtained by C&H barges had increased due to a combination
of a lack of precipitation and upstream diversions (especially for newly introduced rice
cultivation) (DPW, 1931). During August and September 1918, salinity exceeded 60 mg/L
chloride, and the C&H barges traveled farther upstream than any time previously recorded.
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In 1919, a wetter year than 1918, salinity was high for an even longer period of time, most
likely due to increased upstream diversions for irrigation. Salinity ded 60 mg/L
chloride during July, August, and Seplember. Beginning in 1920, C&H abandoned the
Sacramento and San Joaquin Rivers during the summer and fall seasons, replacing the water
supply with a contract from Marin County. However, even during the driest years of the
19205, C&H obtained water with less than 50 mg/L chloride below the confluence of the
Sacramento and San Joaquin Rivers during a portion of every year.

Salinity observations from the Interagency Ecological Program (IEP): Long-term
monitoring of electrical conductivity (EC) at multiple stations within the Bay and Delta
began around 1964, Publicly-available daily-averaged data were obtained for this analysis
from the Interagency Ecological Program (IEP) data vaults (Table D-3).

Table D-3 — Overview of long-term salinity observation records from IEP

fsee hip:wwwiep ca.govidss! )}
Location Station Source Data
Selby RSACO45 | USGS-BAY Historical
Martinez RSAC054 | CDEC Real-time
Benicia Bridge RSACO056 | USBR-CVO Historical
Port Chicago RSAC064 | USBR-CVO Historical
Mallard RSAC075 | CDEC Real-time
Pittsburg RSAC077 | USBR-CVO Historical
Collinsville RSACO81 | USBR-CVO Historical
Emmaton RSAC092 | USBR-CVO Historical
Rio Vista RSACI01 | USBR-CVO Historical
DWR-ESO-D1485C Historical
Georgiana Slough RSACI23} | DWR-CD- Historical
SURFWATER
Greens Landing RSACI39 | USBR-CVO Historical
Antioch RSANO0OS | USBR-CVO Historical
Jersey Pont RSANOIB | USBR-CVO Historical
Bradford Point RSANO24 | USBR-CVO Historical
San Andreas Landing RSANO032 USBR-CVO Historical

Delta Simulation Model (DSM2) Historical Simulation: The DSM2 historical
simulation (1989-2006) was used to provide estimates of water quality to complement the
limited field data from IEP. Because DSM2 has a very detailed spatial computational
network covering the Delta and Suisun Bay, DSM2 can output much more detailed spatial
and temporal salinity information than just the water quality at the IEF monitoring stations.
DSM2 results include the daily-averaged EC at each model node along the lower Sacramento
and San Joaquin Rivers. The location of the 350 pS/em EC isohaline (corresponding 1o 50
mg/L chloride) was identified from the DSM2 results and compared with the equivalent
C&H and IEP data.
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Analysis time frame: The first decade of C&H barge travel (1908-1917) was a relatively
wet period compared to the entire period of record (1906-2006) (Figure D-6). To compare
conditions under similar hydrological conditions, specific recent decades (Figure D-6(a)) and
select recent years (Figure D-6(b)) were selected that have comparable or slightly wetter
hydrology than the C&H years. The periods 1966-1975 and 1995-2004 have similar annual
unimpaired Sacramento River flow to the C&H data period (1908-1917) (sce Figure D-6(a)).
In addition, two wet years (1911 and 1916) and two dry years (1913 and 1918) selected from
the C&H time period were compared with two wet years (1969 and 1998) and two dry years
(1968 and 2002) from the IEP record.

Limitations of the analysis: The C&H data approximately represent the maximum daily
salinity at a given location, whereas recent conditions (TEP or DSM2 data) are represented by
the daily-averaged salinity. The estimates of the distance that must be traveled to reach fresh
walter under current conditions are, therefore, underestimated.

In addition, the C&H barges traveled up the San Joaquin River from 1908 through 1917, yet
the equivalent travel distance for C&H barges under current conditions are estimated for the
Sacramento River, and not the San Joagquin River. Under present-day conditions, the
upstream distance to fresh water on the San Joaquin River is greater than for the Sacramento
River, so this approach will also serve to underestimate the actual distance that C&H barges
would have to travel under present-day conditions.
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(a) Hydrology distribution for time period of sach dataset
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Figure D-6 — Hydrologic Context for Analysis of Distance to Fresh Water
(a) Hydrology distribution for water vears 1906 to 2007, and select decades.
(b} Hydvolagy distribution for water vears 1908 ta 2007, with select water years shown for context.
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Results and Discussion
Selected Wet Years

As shown in Figure D-7, the salinity patterns during the two selected C&H-era wet years,
1911 and 1916, are similar to each other. During these wet years, the location of 50 mg/L
chloride water is west of Martinez for about 4-5 months (late February to early August in
1911 and from early February to late June in 1916). In contrast, during recent wel years
1969 and 1998, water with 50 mg/L chlorides or less was west of Martinez for only about 6
weeks in February and March. This comparison shows that in 1969 and 1998 the western
Delta was saltier in the fall and spring than it was in 1911 and 1916, and salinity intrusion
oceurred much earlier in 1969 and 1998,

If barges were still traveling up the Sacramento River today to find fresh water, they would
have to travel farther during the fall, spring, and summer than the C&H barges traveled
during similar wet years. In 1916, fresh water retreated upstream about one month earlier
than in 1911, possibly influenced by the increasing upstream diversions during 1911-1916
(see Figure 1-3). In recent years with even greater unimpaired runoff, fresh water retreats
two to three months earlier than in 1916. Additionally, fresh water reaches Martinez for a
much shorter period of time, about less than one month in recent years compared to four and
five months during 1916 and 1911, respectively.

Distance to Freshwater - Wet Years San Andrens Landing

Saltier conditions — 911 (26 MAF )} C&H

—— 1916 {24 MAF } C&H s Ho
= 1969 (27 MAF } Monitoring Dala ~ ReVista

= 1598 (31 MAF ) Monitoring Data ARy
30
Emmaton
Antoch
25 ) -
Saltier conditions
L Colinadin
20 Earlier 1 s
salinity M""‘”‘
i3 intrusion
10 i
Matnez
5
Neurby Location

! L [ i T i | i i
gct Nov Dec Jan Feb Mar Apr May Jun  Jul  Aug Sep Oct |
10,5027

Figure D-7 — Distance to Fresh Water in Select Wet Years
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Selected Dry Years

Figure D-8 shows that the most visible difference between the distance to fresh water in dry
years of the early 1900°s and more recent dry years is the substantial increase in distance to
fresh water, particularly from April through June. This indicates the spring was much fresher
during the dry years of the early 1900's, before large upstream reservoirs were built to
capture the spring runoff. Tn dry and below-normal water vears under today’s conditions,
barges would have to travel farther during spring, summer and fall than they traveled in the
early 20th Century.

The C&H barge travel distance in the dry years of 1913 and 1918 are quite different,
especially the additional 10 miles of distance to fresh water traveled in August and
September of 1918, C&H recorded relatively high salinity (greater than 110 mg/L chlorides)
above Bradford Point on the San Joaquin in 1918, which is greater than observed salinity on
the Sacramento River near Rio Vista in similar water years. This may be partially explained
by the development of the rice cultivation industry around 1912 (DPW, 1931) and increased
upstream diversions when seasonal river flows were already low.
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*  During August and September 1918, average water quality obtained by C&H
exceeded 110 me/L chlorides

Figure D-8 - Distance to Fresh water in Select Dry or Below Normal Years

Figure D-9 shows the exceedance probabilities for distance traveled up the Sacramento River
for different salinity levels. During 1908-1917, on a monthly-averaged basis, C&H barges

had to travel above the confluence of the Sacramento and San Joaquin Rivers (approximately
22 miles above Crockett) about 26% of this time period to reach water with salinity less than

Febiuary1%; 2010 Exhibit CCWD-6



350 pS/em EC (about 50 mg/L chlorides). In contrasl, from 1995-2006, DSM2 simulations
suggest that barges would have to travel above the confluence approximately 56% of the time
to reach water with salinity of 330 uS/ecm EC.

The location of the 50 mg/L chloride isohaline during 1908-1917 approximately corresponds
to the location of X2 (2,640 pS/cm EC, or 700 mg/L chlorides) during 1995-2006 (Figure
D-9). This is equivalent to more than a 7-fold increase in salinity from the carly 1900°s to the

present day.

Spatial Variability in Salinity - Sacramento River

50 mg/L —EC <~ 350 pSfcm (1908-1917, C&H)
1995 to 2006 EC = 350 pS/cm (1995-2006, DSM2)
EC = 1,000 pSicm (1995-2006, DSM2)
—EC = 2,640 uSicm (1995-2006, DSM2)
— EC = 5,000 uS/cm (1995-2006, DSM2) |
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Figure D-9 - Distance along the Sacramento River to Specific Salinily Values
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D.2.2. Maximum Annual Salinity Intrusion Before and After Large-
scale Reservoir Construction

Figure D-10 shows maximum salinity intrusion during 1921-1943 (pre-CVP period), prior to
the completion of the Shasta Dam of the Central Valley Project in 1945, Salinity intrusion is
presented in terms of contours of 1,000 mg/L chlorides. Figure D-11 shows the maximum
salinity intrusion during the post-CVP period of 1944-1990. These figures indicate the pre-
CVP period experienced greater salinity intrusion than the post-CVP period, with scawater
intruding farther into the Delta during 6 of the 24 pre-CVP years (1920, 1924, 1926, 1931,
1934, and 1939) than in any of the 47 years in the post-CVP period (1944-1990),

The extreme salinity intrusion during the pre-CVP period was due, in part, to relatively low
runoff during these years. Meko ¢f al. (2001a) determined that the period from 1917 through
1936 was the driest 20-year period in the past 400 years; this long-term drought encompassed
16 of the 24 years in the pre-CVP period. In addition, estimates of unimpaired runoff from
the Sacramento River (obtained from hutp://cdec.water.ca.gov/cgi-progs/iodir/ WSIHIST)
indicate that the Sacramento River had 6 critical water years during the 24-year period of
1920-1943, whereas, the Sacramento River had only 4 critical water years during the 47-year
period of 1944-1990.

Figure D-12 shows that the peak salinity intrusion during the pre-CVP period occurred
between mid-August and mid-September, while peak salinity intrusion during the first
portion of the the post-CVP period (1944-1960) occurred between late-July and late-August.
Salinity intrusion during the pre-CVP period was not only affected by relatively low runoff,
but also by extensive upstream diversions (DPW, 1931).

The salinity investigations of the pre-CVP era found that the extreme salinity intrusion was
larger than any previous intrusions known to local residents and concluded the intrusion was
due, in part, to the extensive upstream diversions. As observed in DPW (1931):

“Under conditions of natural stream flow before upstream irrigation and
storage developments occurred, the extent of saline invasion and the
degree of salinity reached was much smaller than during the last ten to
fifteen years.” (DPW, 1931, page 15)

“Beginning in 1917, there has been an almost unbroken succession of
subnormal years of precipitation and stream flow which, in combination
with increased irrigation and storage diversions from the upper
Sacramento and San Joaquin River systems, has resulted in a degree and
extent of saline invasion greater than has occurred ever before as far as
known.” (DPW, 1931, page 15)

“The abnormal degree and extent of saline invasion into the delta during
recent years since 1917 have been due chiefly to: first, subnormal
precipitation and run-off with a subnormal amount of stream flow
naturally available to the delta, and second, increased upstream diversions
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for irrigation and storage on the Sacramento and San Joaquin River
systems, reducing the inflow naturally available to the delta. It is probable
that the degree of salinity in the lower channels of the delta and the extent
of saline invasion above the confluence of the Sacramento and San
Joaquin rivers have been about doubled by reason of the second factor.”
(DPW, 1931, page 42)

Conclusions from DPW (1931) and similar investigations have been corroborated by
paleosalinty studies (see Section 2.3), which indicate that Browns Island in the western Delta
was a freshwater marsh for approximately 2,500 years until salinity intruded in the early 20™
Century.
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Maximum Salinity Intrusion
- 1943

Figure D-10 - Salinity intrusion during pre-CVP period, 1921-1943 (DWR, 1995)
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Figure D-11 — Salinity intrusion during post-CVP period, 1944-1990 (DWR, 19955 j
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HISTORICAL SALINITY INCURSION
1920- 1960

Figure D-12 — Salinity intrusion during 1920-1960 (DWR, 1960)
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Figure D-13 illustrates the maximum annual salinity intrusion for comparable dry years®.
Water year 1913 experienced the least extent of intrusion, most likely because upstream
diversions were significantly less than in later years. Water years 1926 and 1932 were
subject to extensive upstream agricultural diversions, while water years 1979 and 2002 had
the benefit of the CVP and SWP to provide “salinity control™. The CVP and SWP operations
now regulate the amount of freshwater flowing through the Delta in order to prevent extreme
salinity intrusions such as those observed during the 1920"s and 1930s.

—~—
N, 5

ey T

Salmity intrusion during 1913 is estimated
based on the location of peak salinity
intrusion of 50 mg/L water as observed by e
C&H (approximately 40 miles upstream of S
Cruc.kr.lt on the San Joaquln Rwer) To dn, :
ine the p 12 ion of

water with 1,000 mg/L chlorides, a
relationship was formed based on
monitoring data from 1965 to 2005,

Figure D-13 — Annual Maximum Salinity Intrusion for relatively dry years
Salinity intrusion for relatively dry water years with similar total annual wnimpaired rungff, using
1,000 mg/L chioride ation o distinguish the extent of intrusion,

" Hydrological metries from hup://cdec.water.ca.gov/ fiodir/wsihist for comparison: total unimpaired
Sacramento River and San Joaquin River flow for w:\l:c‘r yr.ars 1913, 1926, 1932, 1979, and 2002 was 15.9 MAF,
15.3 MAF, 19.8 MAF, 18.4 MAF, and 18.7 MAF, respectively; Sacramento River water year type index for water
years 1913, 1926, 1932, 1979, and 2002 was 6.24, 5.75, 5.48, 6.67, and 6.35, respectively: and San Joaquin River
water year type index for water years 1913, 1979, and 2002 was 2.00, 2.30, 3.41, 3,67, and 2.34, respectively.
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D.3. Temporal Variability of Salinity in the Western Delta

D.3.1. Seasonal Salinity at Collinsville

Collinsville, near the confluence of the Sacramento and San Joaquin Rivers, was one of the
first long-term sampling locations implemented by the State of California. The Suisun Marsh
Branch’ of the DWR estimated monthly average salinity at Collinsville for the period 1920-
2002, using a combination of 4-day TDS (total dissolved solids) grab samples from 1920-
1971 and EC measurements from 1966-2002. Data from the overlap period of 5 years
between the TDS grab samples and EC measurements were used in a statistical regression
model, and the monthly averaged 4-day TDS samples were converted to monthly average EC
(Enright, 2004). The result of this regression analysis was a time series of monthly EC
values at Collinsville for the period of 1920-2002.
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Figure D-14 — Average Seasonal Salinity at Collinsville

7 bata provided by Chris Enright (DWR), personal communication, 2007,
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D.3.2.  Effects of Water Management on Salinity at Collinsville

In order to compare the effects of water management on salinity at Collinsville, an empirical
model of salinity transport (Denton (1993), Denton and Sullivan (1993)) was used in the
following analyses. Contra Costa Water District’s salinity-outflow model (also known as the
G-model) estimates salinity in the western Delta as a function of NDO. Estimates of salinity
at Collinsville were derived for both actual historical flow (1930-2008) and unimpaired flow
(1922-2003) conditions.

Figure D-15 shows the estimated monthly-averaged salinity at Collinsville under unimpaired
and actual historical flow conditions. The predicted seasonal and annual variations of EC at
Collinsville are dependent on corresponding variations of NDO under both unimpaired and
actual flow conditions. Water management practices have a significant effect on the seasonal
variability of salinity at Collinsville, particularly during dry years (1930°s, 1976-1977 and
1987-1993), when Collinsville experiences a much greater range of monthly-averaged
salinity under actual historical conditions than would be the case under unimpaired

conditions,
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Figure D-15 - Estimates of Collinsville salinity using the G-model for

unimpaired and actual historical flow conditions

Historical (actual) NDO during the 1930°s was relatively low, sometimes averaging about -
3,000 cfs for several months under actual conditions. The low values of NDO result in the
high variability of estimated salinity in the 1930°s under actual historical conditions.
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The effects of water management on salinity at Collinsville are highlighted in Figure D-16,
which shows the estimated salinity under actual historical conditions as a percent change
from the unimpaired conditions. The data in Figure D-16 are the change in G-model
estimates of salinity at Collinsville for the period of 1956-2003, computed as the difference
between actual and unimpaired salinity as a percent change from the unimpaired salinity.
Positive values indicate an increase in salinity under actual conditions and negative values
indicate a decrease in salinity (freshening).

From April through August, estimated median salinity under actual historical conditions is
substantially greater (more than a 100% increase) than median salinity under unimpaired
conditions (Figure D-16). For the remainder of the year, there are no substantial differences
between the estimates of median salinity under unimpaired and actual conditions. These
distributions of estimated salinity indicate that water management practices resull in
significant increase in salinity throughout the year at Collinsville.
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Figure D-16 — Estimated change in salinity at Collinsville under actual historical
conditions, as a percent change from unimpaired conditions, 1956-2003
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Figure D-17 shows the estimated salinities at Collinsville under actual historical and
unimpaired conditions for just the more recent years (1994-2003). Positive values again
indicate an increase in salinity under actual conditions and negative values indicate a
decrease in salinity. The effeets of water management on fall salinity are greater during this
recent period 1994-2003 than during the longer period (1956-2003), but the effects during the
recent pericd in the spring and early summer are smaller. This response reflects
implementation of the X2 regulatory requirements agreed upon in the 1994 Bay-Delta
Accord and regulated by the subsequent 1995 Water Quality Control Plan.
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Change in Salinity at Collinsville (1994-2003)
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Figure D-17 — Estimated change in salinity at Collinsville under actual historical
conditions, as a percent change from unimpaired conditions, 1994-2003

D.3.3. Fall Salinity in the Western Delta

Figure D-18 shows the average fall salinity (October-December) at three stations in Suisun
Bay and the westem Delta (Chipps Island, Collinsville, and Jersey Point). The fall salinity
data categorized according to the pre-Endangered Species Act (ESA) period of 1964-1992
and the post-ESA period (1 993-2006)". Figure D-18 illustrates that there has been a
naticeable increase in fall salinity since the release of the ESA biological opinions for winter-
run salmon and Delta smelt in 1993. These increases occur during normal water years, when
total annual runofT ranges from 15 to 30 MAF. During very wet years, there are large Delta
outflows and the ESA limits do not affect water operations. Similarly, during very dry years,
the biological opinions do not have a large effect on water operations because upstream
reservoir storage is low and exports from the south Delta are already small.

* In 1993, delta smelt and winter-run salmon were listed under the California ESA, triggering new water
management regulations.
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Chipps Island Salinity in the Fall
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Figure D-18 - Post-ESA salinity in the Suisun Bay and western Delta

Figure D-19 shows the observed salinity at Chipps Island during the fall (October-December)
for the period of 1976-1992 (pre-ESA) and 1993-2005 (post-ESA). Fall salinity at Chipps

; 2
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Island during normal years is now comparable to fall salinity during dry and eritical years

prior to 1994,
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Figure D-19 - Increase in Fall Salinity at Chipps Island

D.4. General conceptual overview of salinity changes
Observed changes in seasonal salinity with time

The salinity regime in the western Delta has changed as the level of development has
increased and water project operations have changed due to regulatory requirements. The
comparison of three decades with similar hydrology in Figure D-20 presents a conceptual
illustration of the changing salinity regime in Suisun Bay and the western Delta.

Monthly-averaged salinity in the spring and summer was substantially greater from 1966
through 1975 than during the early 1900°s. However, fall and early winter salinity was lower
than the early 1900's. This reduction in salinity in the fall and early winter was likely due in
part to CVP and SWP reservoir releases for flood control purposes in the fall, which
freshened the Delta. Flood control releases during this period were large because CVP and
SWP diversions and exports were not fully developed and upstream reservoirs were often
above flood control maximum storage levels in the fall, entering the wet season.

Salinity during 1995 through 2004, however, exceeded the salinities in the early 1900°s

during all months, for years with similar hydrologic conditions. The dramatic increase in fall
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salinity relative to observed levels from 1966 to 1975 is accompanied by a slight decrease in
spring and summer salinity. This is likely due to minimum flow and X2 requirements
imposed by the State Water Resources Board in 1995, However, spring and summer
salinities remain much greater relative to salinity in the early 1900’s.

The range of seasonal variability during 1966-1975 was greatly reduced because the Delta
did not get as fresh as it did in the early 1900’s. During the last decade, seasonal variability
has increased such that the range of salinity observed in the Delta over the course of a year is
similar to that in the early 1900's. However, salinity intrusion has moved inland relative to
the early 1900's, resulting in salticr conditions in the Suisun Bay and western Delta and a
reduction in the period when fresher water is available.

r's Saltier fall B Pre-Project (1907-1918)
1995-2005 B Early Post-Project (1966-1975)
o B Recent Post-Project (1995-2005)
g
E} Saltier spring
and summer
Earlicr
3 Fresher full galimity
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v
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Figure D-20 — Conceptual plot of seasonal variability of salinity in Suisun Bay and the
western Delta during different water management eras

The effect of water management for wet and dry years

Water management has the largest effect during dry years when the Delta stays relatively
salty throughout the year with limited seasonal variability compared to unimpaired
conditions. As shown conceptually in Figure [-21, during wet years the Delta freshens as
much as it would under unimpaired conditions, but the Delta does not stay fresh for as long.
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Figure D-21 - Conceptual plot of seasonal salinity variations in the Delta
under actual historical conditions compared to unimpaired conditions
in (a) dry years and (b) wet years
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Appendix E. Qualitative Salinity Observations

The earliest written accounts of explorers were often concerned with adequate drinking
water, and salinity was generally described in qualitative terms, such as “brackish,” “fresh,”
or “sweet.” For the purposes of comparing the present-day water quality with the historical
conditions, these qualitative observations need to be quantified.

Testimony from Antioch Case (Town of Antioch v. Williams Irrigation District, 188 Cal.
451) indicated carly settlers required water with less than 100 mg/L of chloride
(approximately 525 pS/cm EC) for municipal use.” Similarly, DPW (1931) indicated that a
“noticeable™ level of salinity was 100 mg/L chloride. The current secondary water quality
standard for municipal and industrial use is 250 mg/L chloride (1,000 pS/cm EC) (SWRCB
2006; US EPA 2003). This report assumes a value of 250 mg/L chloride {equivalent to 1000
pS/em EC) to be the demarcation between “fresh” (or “sweet™”) water and “brackish”™ water.

E.1. Observations from Early Explorers

Table E-1 summarizes some reported observations of water quality made by early explorers
and settlers. These observations were qualitative and were most likely only a glimpse of the
ambient conditions and may not completely represent true historical water quality conditions.
Morcover, these observations were from a time period when anthropogenic effects on this
region were minimal and this region was close to natural conditions.

Table E-1 also lists the reconstructed Sacramento River annual flow (MAF) from Meko et al.
(2001b) for the year of observation and for the previous year. For reference, the average

Sacramento River flow from Meko et al. (2001b) for the period 1860-1977 is 18 MAF/yr.

Table E-1 - Qualitative salinity observations from early explorers

Year/
Date Location Description | Reconstructed | Observer Reference
Flow [MAF]|
1775 near the sweet, the 1774 /25 Canizares Britton, 1987
August Sacramento- | same asina 1775/19 in Fox,
San Joaquin | lake 1987b
confluence
1776 near Antioch | very clear, 1775/ 19 Font Britton, 1987
April (San Joaquin | fresh, sweet, 1776/ 9 in Fox,
River) and good 1987b
1776 near the sweet 1775/ 19 Canizares Britton, 1987
September | Sacramento- 1776/ 9 in Fox,
San Joaquin 1987b
confluence
" Supplement to Respondent's Answering Brief, p. 10.
February 12, 2010 E-1
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Year/
Date Location Description | Reconstructed Observer Reference
Flow [MAT]

1796 unknown salinity 1795/ 6 Hermengildo | Cook, 1960
“far 1796/ 10 Sal in TBI, 1998
upstream’ at
high tide

1811 near the sweet 1810/ 19 Abella Britton, 1987

October Sacramenta- 1811/23 in Fox,

San Joaquin 1987h
confluence

1841 Three Mile brackish 1840/ 16 Wilkes Britton, 1987

August Slough north | (undrinkable) | 1841/6 in Fox 1987b

L of Emmaton

E.1.1. Fresh Conditions

Table E-1 indicates that some early explorers observed “sweel” water near the confluence of
the Sacramento and San Joaquin Rivers both in relatively wet years (August of 1775 and
October of 1811, reconstructed runoff abowt 19 MAF/yr) and in relatively dry years
(September of 1776, reconsiructed runoff about 9 MAF/yr). Except as noted, it is unknown
whether these observations were made at high tide or low tide.

In order to provide a context for these anecdotal observations, present-day observed monthly
salinity (EC) conditions at Collinsville (located near the confluence of Sacramento and San
Joaquin Rivers) are plotied against unimpaired annual Sacramento River flow in Figure E-1.
The observed data are monthly-averaged salinity (uS/cm) during August-October for the
period 1965-2005. The data for the post-ESA years (1994-2005) are shown as shaded
circles. Note that the anecdotal observations in Table E-1 are likely “one-time™ observations,
while those shown in Figure E-1 are average monthly values.
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Salinity at Collinsville (1965-2005)
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Figure E-1 - Observed salinity at Collinsville, 1965-2005

Under current management conditions, the monthly average salinity at Collinsville from
August through October is only less than 1,000 uS/cm EC (the interpretation of the “sweet”
threshold for drinking water) when the unimpaired runofT is greater than about 20 1o 25
MAF/yr (Figure E-1). This suggests cither the “sweet” threshold used in this report is too
small, or salinity at Collinsville is higher today than it was in the late 18th and carly 19th
centuries,

If the definition of the “sweet” thresheld is changed to 1,300 uS/cm EC and the post-ESA
vears (1994-2005) are excluded, then the monthly-averaged salinity at Collinsville during
August-October is “fresh”™ (less than 1,300 pS/em EC) when runofT is greater than 16
MAF/yr. This corresponds better to the anecdotal observations, discussed above, but
suggests a recent increase in salinity at Collinsville during moderately wet years (with runoff
between 14 and 26 MAF/yr). In 5 of the 12 post-ESA years (1997, 1999, 2000, 2003 and
2004), the water at Collinsville in October would not be considered “sweet” even under the
relaxed criterion of 1,300 pSfem EC, suggesting that October salinity under present
conditions could be greater than it was in 1811,

E.1.2. Brackish Conditions

The qualitative observations of high salinity intrusion in Table E-1 are less specific about
location. However, some of these observations have been interpreted by others (Cook, 1960,
in TBI, 1998; Fox, 1987b) to indicate intrusion as far upstream as Rio Vista. The drought
periods of 1976-1977 and 1987-1992 are similar to these periods when these qualitative

h]
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observations were made. During 1976-1977, daily average salinity at Rio Vista exceeded
1.000 pS/em for approximately six months of the year. During 1987-1992, salinity at Rio
Vista at high tide often exceeded 2,000 pS/em, particularly during the fall. This is consistent
with the anecdotal observations made in 1796 and 1841, which report salt water extending
into the western Delta.

Summary: Interpretation of the above observations in the context of the reconstructed
Sacramento River flows shows that the Delta is generally saltier than the historical levels for
equivalent runoff conditions and does not support the hypothesis that the present-day Delta is
managed as a freshwater system in comparison with its historical salinity regime. Moreover,
this analysis indicates that salinity in the western Delta has increased during September and
Dclober in the recent years (post-1994 period).

E.2. Observations from early settlers in the Western Delta

Observations from early settlers in the western Delta provide a more complete description of
salinity in the late 1800’s and early 1900’s than the observations from early explorers
discussed earlier. Assuming the early settlers inhabited a particular region for longer time
periods than the early explorers, observations from the carly settlers capture the temporal
variability better than those from the early explorers.

E.21. Town of Antioch Injunction on Upstream Diverters

In 1920, the Town of Antioch filed a lawsuit against upstream irrigation districts alleging that
the upstream diversions were causing increased salinity intrusion at Antioch. The court
decision, legal bricfings, and petitions provide salinity observations from a variety of
witnesses. Although anecdotal testimony summarized in these legal briefs is far from
scientific evidence, it provides a perspective of the salinity conditions prevailing in the early
1900’s. Because the proceedings were adversarial in nature, this report focuses on the
testimony of the upstream interests, who were trying to demonstrate that salinity intrusion
was common near Antioch prior to their diverting water (prior to 1920). Consequently, the
testimony may be biased in support of this “more saline” argument. Nonctheless, these
ancedotal testimonies indicate that the western Delta was less salty in the past than it is
today. Analyses of some of the testimonics are presented below.

Case History

On July 2, 1920, the Town of Antioch filed suit in the Superior Court of the State of
California (hereinafter referred to as the “Antioch Case™) against upstream diverters on the
Sacramento River and Yuba River. A hearing for a temporary injunction began on July 26,
1920, and lasted approximately three months. On January 7, 1921, Judge A F. St. Sure
granted a lemporary injunction, restraining the defendants “from diverting so much water
from the said Sacramento River and its tributaries, to non-riparian lands, that the amount of
water flowing past the City of Sacramento, in the County of Sacramento, State of California,
shall be less than 3500 cubic feet per second” (Town of Antioch v. Williams Irrigation
District, Supplement to Appellants” Opening Brief, p. 13).
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The defendants appealed to the Supreme Court of the State of California, which issued its
opinion on March 23, 1922. The Supreme Court reversed the lower court and withdrew the
injunction, declaring “[i]t is evident from all these considerations that to allow an
appropriator of fresh water near the outlet of these two rivers to stop diversions above so as
to maintain sufficient volume in the stream to hold the tide water below his place of diversion
and secure him fresh water from the stream at that point, under the circumstances existing in
this state, would be extremely unreasonable and unjust to the inhabitants of the valleys above
and highly detrimental to the public interests besides.”

The Supreme Court did not make any comment whatsoever on the evidence of salinity
intrusion prior to the upstream diversions in question. The Court indicated that their decision
was based on a “policy of our law, which undoubtedly favors in every possible manner the
use of the waters of the streams for the purpose of irrigating the lands of the state to render
them fertile and productive, and discourages and forbids every kind of unnecessary waste
thereof.” (Town of Antioch v. Williams Irrigation District (1922) 188 Cal. 451). The Court
concluded that allowing 3,500 cubic feet per second (cfs) to “waste™ into the Bay to provide
less than | cfs of adequate quality water for the Town of Antioch would constitute
unreasonable use of California’s limited supply of water.

The court did not base their decision on historical salinity observations at Antioch, which
indicate that Antioch was able to divert freshwater at low tide at all times from 1866 to 1918,
exeept possibly for some fall months during some dry years (Section 3.1).

E.2.2. Salinity at Antioch — then and now

In the present day, the City of Antioch maintains a municipal water intake on the San Joaquin
River at Antioch. As a general operating rule, the City of Antioch pumps water from the
river when salinity at the intake is less than 1,000 pS/cm EC. Salinity varies substantially
with the tide; gencrally the greatest salinity is observed near high tide and the lowest salinity
is observed at low tide. Figure E-2 shows that salinity in the San Joaquin River at Antioch is
highly variable and is dependent on tidal conditions and season. Figure E-2 indicates that for
water year 2000 (an above-normal water year) the City of Antioch could pump water all day
for about four and half months (early February through mid-June) and could pump fora
portion of the day at low tide for another three and half months (mid-June through
September). For the remaining four months (October-January), water at Antioch’s intakes
exceeded 1,000 pS/cm EC for the entire day, regardless of tidal phase.

Testimony from multiple witnesses in the Antioch Case indicates that fresh water was always
available in the San Joaquin River at Antioch at low tide until just prior to 1920. Antioch’s
legal position was that fresh water was always available before upstream development. In
cross-examination of Antioch’s witnesses, the upstream irrigators demonstrated that brackish
conditions did occasionally exist at high tide.

-, 12,2 -
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Figure E-2 — Salinity variations in the San Joaquin River at Antioch, water year 2000

Figure E-3 shows the distribution of low tide salinity (salinity during the freshest 4 hours of
cach day) for the period of May 1, 1983 through September 30, 2002."" These data indicate
that, on average (in 50% of the water years), low tide salinity exceeds 1.000 pS/em EC from
late-August through December. The data in Figure E-3 provide context for the qualitative
observations from the Antioch Case. During the driest 25% of the years (5 out of 20 years),
low tide salinity exceeds 1,000 pS/em EC from June through January, leaving the Antioch
intake with no fresh water for eight months of the year,

Under average conditions corresponding to the period 1983-2002, Antioch would have o
stop pumping from late August to late December in 10 of the 20 years; i.e., they would have
an average of eight months of low-tide pumping per year, compared to the pre-1913 average
of twelve months per year (based on the anecdotal information filed by the Appellants
(upstream diverters) in the Antioch Case).

' Duta Source: Interagency Ecological Program, HEC-DSS Time-Serics Databases. Station RSANOOT, Agency:
DWR-ESO-D1485C. Measurement: 1-hour EC. Time Range: May 1, 1983 through September 30, 2002

E-6 February 12, 2010

Exhibit CCWD-6

No comments
-n/a-



No comments
-n/a-

6000~
Driest 10% of the water years (2 of 20 years)
sl Driest 25% of the water years (5 of 20 years)
Median of all water years (10 of 20 years)
4000 =

Wettest 25% of the water years
(5 of 20 years) A

1000

SI:'[ Nov Dec T Jan Feb  Mar T\p; "_\E}-" Tm ul Aug S;p
Figure E-3 — Seasonal Distribution of low-tide salinity at Antioch, 1983-2002

Conclusions

The window, when Antioch is able to pump water with salinity less than 1,000 pS/cm
EC, has substantially narrowed in the last 125 years.

Antioch was apparently able to pump fresh water at low tide year-round in the late
1800’s, with the possible exception of the fall season during one or two dry years.

During 10 of the 20 years between 1983 and 2002, salinity was less than 1,000 uS/em EC
at low tide for anly about cight months of the year,

* During the driest 5 years between 1983 and 2002, salinity was less than 1,000 pS/em for
only about four months per vear: i.e., no fresh waler was available at any time of the day
for about eight months of the year.

E.2.3. Salinity at Kentucky Point on Twitchell Island - then and now

The appellants in the Antioch Casc, representing the upstream diverters, identified one
resident of Twitchell Island who reported the water at Kentucky Landing was brackish on
“one or two occasions” between 1870 and 1875 during August and September. During this
time, he had to travel up the San Joaquin River to Seven Mile Slough (the eastern boundary
of Twitchell Island) and sailed as far as the mouth of the Mokelumne River (approximately 2

February 12, 2010 Exhibit CCWD-6
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miles further up the San Joaquin River than the Seven Mile Slough junction) to obtain fresh
drinking water.

For comparison, we look at salinity monitoring data in that region for 1981 and 2002 to see
the location of potable water.'! The source document (Town of Antioch v. Williams
Irrigation District, 188 Cal. 451) for the 1870’s drought uses up to 100 mg/L chloride
concentration as the threshold for a potable water supply. Monitoring data from 1981 shows
similar salinity intrusion as described by the Twitchell Island resident: salinity along the San
Joaquin River at Bradford Island (about 1.5 miles upstream of Three Mile Slough) exceeded
1,000 uS/em EC (about 250 mg/L CI) during August and September. During the same time
period, salinity was around 400 pS/ecm EC (about 64 mg/L C1) approximately 5 miles
upstream on the San Joaquin River between Seven Mile Slough and the Mokelumne River.
This comparison indicates that the extent of salinity intrusion in 1981 is similar to that which
occurred in 1870 and 1871,

Similarly, in September 2002, the salinity in the San Joaquin River at San Andreas landing
(less than 2 miles downstream of the Mokelumne River mouth) peaked at 977 pS/em EC,
which corresponds to approximately 225 mg/L chloride concentration. Therefore, if the
observer was to travel upriver for potable water in 2002, they would have likely traveled up
to the mouth of the Mokelumne River as they did in 1870. Salinity intrusion in critically dry
years is even farther into the Delta than was found in 2002.

In conclusion, salinity intrusion up the San Joaquin River during the dry years of 1870 and
1871 as described by a Twitchell Island resident is consistent with salinity intrusion in 1981
and 2002 under similar hydrological conditions. There is no evidence that salinity intrusion
during the drought of 1870-71 was more extensive than salinity intrusion during similar
water years in the current salinity regime.

' 1981 and 2002 were both dry water years in the Szcramento River basin as defined in I3-1641 with similar annual
unimpaired Sacramento River flow to the years 1870 and 1871, Annual unimpaired Sacramento River flow in 1870,
1871, 1981, and 2002 was 11 MAF, 10 MAF, 11 MAF, and 14 MAF, respectively.

E-8 February 12, 2000
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To protect and restore California Rivers by influencing public palicy and inspiring citizen
action.

FRIENDS OF THE RIVER
1418 207 STREET, SUITE 100, SACRAMENTO, CA 95811
PHONE: 916/442-3155 @ FAX: 916/442-3396

WWW.FRIENDSOFTHERIVER.ORG

January 11, 2012
Cindy Messer
Delta Stewardship Council
980 Ninth Street, Suite 1500
Sacramento, CA 95814

Re: Exhibits referred to in Comments on Recirculated Draft
Programmatic Environmental Impact Report (RDPEIR)

Dear Ms. Messer and Council Members:

Please include the attached three documents in the
Administrative Record in your CEQA proceedings on the
Final Draft Delta Plan and RDPEIR, These three documents
have been or are being referred to in the written comments of
the Environmental Water Caucus and/or Friends of the River
and are as follows:

Release and Report in Brief, National Academy of Sciences, A
Review of the Use of Science and Adaptive Management in
California’s Draft Bay Delta Conservation Plan (May 5,
2011);

Eberhardt School of Business Forecasting Center, Benefit-
Cost Analysis of Delta Water Conveyance Tunnels (July 12,
2012);

California Natural Resources Agency, Gov. Brown and Obama
Administration Outline Path Forward for Bay Delta
Conservation Plan, “The clements of a preferred proposal
include the construction of water intake facilities with a



total capacity of 9000 cubic feet per second. . . and a

conveyance designed to use gravity flow. . .” (July 25, 2012).

Sincerely,

3 s
Vo & L* 1l {7
E. Robert Wright
Senior Counsel
Friends of the River

(&1
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CALIFORNIA'S DRAFT BAY DELTA CONSERVATION PLAN INCOMPLETE;
NEEDS BETTER INTEGRATION TO BE MORE SCIENTIFICALLY CREDIBLE

WASHINGTCOM — A draft plan to conserve habitat for endangered and threatenad fishes in tha Califomia Bay-Deita
whiiz continaing 1o diver! water for agriculiural and parsanal use in central and southem California has ciiical missing

components. including ciearty defined goals and a scientific analys:s of the proposed project's potontial impacts on della
species, says anew feper Irom ihe Mabonal Research Councl. bn addition. the scentife information i the plan is
" anc presented in an marner, making its meaning difficul fo understand

The delta region receives fresh warter from the Sacriments and San Joaquen fvers and their tnbulanes, and water from
the deita ultimately fows into the San Francesco Bay and the Pacific Ocean. Pumping ﬂuu\g diver walter from the
dedta, primaiily (o supply Central Valley California areas The effects of an
increasng population and the operaton of the altered the delta
ecosysiem, inciuding 13 fish species.

The Novemser 2010 draft of he B&yDﬂl‘ Genservation Plan (BDCF) ams to gan suthorization under the federal

Endaingered Speces Act and companion Calomia lagisiation for a proposed water giversion projes!, such as a canal or
tunnel that would take water froem the northern part of the della directly to the south whils protecting the region's
Ta date $150 million has been spent in develeping the BOCP. which ks being prepared by a

stmering commities of federal, stale, and local agencies, environments! organizations, and olher intérest groups. The
plan is sisted for completion by 2013 and would be implemented cver ihe next 50 years.

The drafl BDCP states that the peincipal component of a habeat conservaticn plan is an "effects analysis,” which the plan
defines 48 "3 systematic, scentific look at the potential impacts of a proposed project on those speces and Now those
species would benefit from conservation ackons" However, the eflects analys:s is sill being prepared and was not
mcluded in the BDCP, resulting in a critical gap in the science. Without this analysis, it is hard to evaluate allernatve
mitigation e eeAseraton acbons.

The BDCP Iscks clarity in its purpose, which makes it difficul: o properly understand, inlerprel, and review 1he science
1ihat underies the plan. stated the panal that wroie the repont. Specifically. it is unclear whether ihe BOCP is exclusively
& habitat conservation pln 40 be used a5 an appication 1o “take” -- meaning (o injure, harass, of kill - isted species
incientally o whether it is intended (o be 4 plan that achieves the co-equal goals of providing reliable water supply and
protecting and enhancing the detia ecosystem. If iis the latter, a more logical sequence would be to select alterrative
oropects of operalion regimes only afler the effects analyss is compleled

Furthermons, the draft BOCP combenes '] slitative analyses of many separate

actons that chen appear disconnectcd snd poody iskégrated, the paned sas, There are many scisnlibc alemarts, but

the sience i nol Grawn togeter in an infégrated 1ASNoN 10 Suppor the restoration activities, The panel noted that a
needs " alog of what each scientific cemponen is

intended 1o accomphsh and how this wil b cone.

“Thave is & strong body of sohd stence 10 suppert scme of the actions discussed in the BDCP, bul because the stience
I8 not well-integrated, we ane getting less from the science than we could,” said panel chair Henry Vaux, professor
emeritus of resouwca aconomics al 1he University of Califormia in Berkeley and Riverside. “As our repon concudes, a
stronger and mone complete BDCP - and the pane identified several areas for imprevement - could il

impostantly (o sobing th probiems thal besel the defla”

The stidy was sponsored by the LS. departments of ihe Interier and Cormemerce. The National Academy of Sciences,
Mationa! Acadenry o?Enghudﬂg Institute of Medicine, and Maticnal Research Council make up the Natonal

A They nanprakit ¥ mdmum technology. mdmﬂhnohwadm

wnder an 1863 congressional charer. Panel members, whe

tor cach study based on thew expertae and n-ﬂmmw"—‘  confict-of- unﬂuﬂ!
] reparts underge revigw befon For more inf . sl

et ntical-nack dycomnit: A penel roster follows.

Contacts:
Jenniler Walsh, Modia Relations Offcer
Shaguanna Shields. Medis Relaions Assistant

http://www8_ nationalacademies.org/onpinews/newsitem.aspx?RecordID=13148 1/9/2013
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A Review of the Use of Science and
Adaptive Management in California’s
Draft Bay Delta Conservation Plan

Californin’s draft Bay Delta Conservation Plan—a draft plan to conserve habitat for endan-
gered and threatened species, while continuing to divert water to agriculture and domestic

P

water users in central and southern Califor

isi plete and ins critical scientific

gaps. The Bay Delta is a large, compl ¥

that supplics water from the state’s wetter

northern regions to the drier southern regions, and also serves as habitat for many species.
The Bay Delta Conservation Plan describes a proposal to construct a tunnel or canal to divert
water from the northern Delta to the south, thus reducing the need to convey water through
the Delta, This report reviews the use of science and adaptive management in the draft Bay
Delta Conservation Plan and identifies opportunities to develop a more successful plan.

ncompassing
the deltas of the
Sacramento

and San Joaguin
Rivers, and the
eastern margins of
the San Francisco
Bay, the San Francisco
Bay Delta Estuary
was once a great tidal
freshwater marsh. But
over the last century
and a half, the land
has been drained, cleared, and used for agricul-
tural and residential purposes. Today, the Delta
is a maze of canals and waterways flowing
around more than 60 islands of farmland and
oceupying an area of 1,150 square miles.

The modified Delta plays an integral role
in the water delivery system of California.
Water flows into the Delta from the watersheds
of the Sacramento and San Joaguin rivers, and
is transported through a network of engineered
canals to supply water to the drier southern
regions of the state. This water helps irrigate
millions of acres of arid and semi-arid farm-
lands, and supplies municipal water (o
approximately 25 million Californians.

Several other forces of change, including
land subsidence, sea level rise, and increased
urbanization, have also shaped the Delta,
making it one of the most modified deltaic

Credit: California Departument of Water Resources

systems in the
world—and this
transformation has
come at a cost. The

diverse array of fish,
birds, other animals,
and plants, but now,

are listed as threal-
ened or endangered.

exports to protect
those species during some periods, together
with the effects of several dry years, have
exacerbated tensions over water allocation,
spurring the development of a variety of plans
to provide reliable water supplics and protect
the ecosystem.

One of those plans is the Bay Delta
Conservation Plan, eurrently under develop-
ment by a consortium of federal, state, and local
agencies: water supply entities; environmental
organizations; and other parties, The plan is
intended to support authorization, under both
state and federal endangered specics statules,
for a proposed “isolated conveyance facility,”

a mechanism to take water from the northern
part of the Delta to the south, thus reducing the
need to convey water through the Delta. At the
request of the U.S. Secretaries of the Interior
and Commerce, the National Research Council

Delta has supported a

some of these species

Restrictions on waler
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The Bay Delta Conservation Plan is a Habitat
Conservation Plan—a plan that developers must
submit to the U.S. Fish and Wildlife Service
before undertaking an activity or project that

| could incidentally take® species listed as
threatened or endangered under the federal
Endangered Species Act. These plans must outline
actions that will be taken to protect the habitat of
threatened or endangered species in order to
compensate for incidental take. Similarly, the Bay
Delta Conservation Plan is a Natural Community
Conservation Plan under California’s Natural
Community Conservation Planning Act. These
plans aim, among other things, to help the
recovery of the species.

* “Take" includes actions that *harm™ wildlife, including habitat
modification tha sctually kills or injures wildlife by impairing
breeding, feeding, or sheltering helaviors. For further clarifica-
tion, please see the full repon.

convened a pancl of experts to review the use of
science and adaptive management in a working
draft of the Bay Delta Conservation Plan.

The draft Bay Delta Conservation Plan is incom-

No comments
-n/a-

The panel noted that a successful effects anal-
ysis should include an integrated description of the
components of the system and how they relate to
each other, a synthesis of the available science,
and a representation of the dynamie response of
the system.

The Lack of Clarity as to the Bay Delta
Conservation Plan’s Purpose

The legal framework surrounding the Bay
Delta Conservation Plan is complex. In attempting to
comply with all the relevant laws and regulations, the
authors of the Bay Delta Conservation Plan have
undertaken to develop a conservation plan of great
importance, scope, and difficulty. The panel recog-
nized these challenges, and also acknowledged that
the Bay Delta Conservation Plan it reviewed is a work
in progress. However, the panel found that the purpose
of the Bay Delta Conservation Plan is not clear,
making it difficult to properly understand, interpret,
and review the science that underlies the plan,

The central issue is that although the plan states
it is an application for the incidental take of listed
species as a result of the proposed water diversion
project, it also sets out the goals of providing a more
reliable water supply for the state of California and

ple, at
the outset of its review, the panel found that although
the Bay Delta Conservation Plan aims to address
management and restoration of the San Francisco
Bay Delta estuary, it omits any analyses of the
potential impacts of the plan’s efforts on the San
Francisco Bay uself (aside from Suisun Bay).
Furthermare, the report identifies other key scientific
and structural gaps in the draft plan that, if
addressed, could lead 1o a more successful and
comprehensive final Bay Delta Conservation Plan.

The Lack of an Effects Analysis

The Bay Delta Conservation Plan describes an
effects analysis as a systematic, scientific look at the
potential impacts of a proposed project on the
species that the project will potentially affect, and at
how those species would benefit from various
conservation actions. Clearly, such an effects anal-
ysis is intended to be the basis for the choice and
details of those conservation actions. However, the
elfects analysis for the Bay Delta Conservation Plan
is still in preparation, and was therefore absent from
this draft of the plan, representing a critical gap in
the science underlying the plan and the corre-
spanding conservation actions,

plete in a number of important areas. For |

protecting the Delta v . Because different
processes would be used o fulfill these different
purposcs, the panel concluded that it would be
difficult to evaluate the Bay Delta Conservation
Plan without clarification of the plan’s goals.

To obtain an incidental take permit, developers
would design conservation methods to minimize
and mitigate the adverse effects of a specific project
or operation. However, if the Bay Delta Conservation
Plan were a broader conservation plan that aims to
protect the ecosystem and provide a reliable water
supply, then it would be more logical to carry out an
effects analysis, and then identify several alternative
projects to reach the two goals. Under the latter
seenario, choosing the alternative project before
evaluating alternative ways to reach a preferred
outcome would be post hoc rationalization—in
other words, putting the cart before the horse.
Scientific reasons for not considering alternative
actions are not presented in the plan,

The Use of Science and Synthesis in the Bay
Delta Conservation Plan

Many scientific studies have sought to under-
stand the hydrologic. geologic, and ecological
interactions in the Delta, efforts that constitute the
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focused on water operations, in

E particular the pumping of water at
o the south of the Delta for export o
other regions. However, a variety of
other environmental factors have
potentially large cffeets on these
fishes; and considerable uncertain-
ties remain about the impact that
different aspects of flow manage-
ment in the Delta, especially
management of the salinity of the
water, have on their survival.

The lack of clarity concerning
| the volume of water to be diverted
soguw® | through the proposed isolated
conveyance facility is another
major shoricoming of the Bay Delta
Conservation Plan. Without a clear
specification of the volume of water
deliveries, the expected impacts to
the ecosystem cannot be assessed.
Overall, the panel concluded that
the Bay Delta Conservation Plan is
little more than a list of ecosystem
N restoration tactics and scientific

i efforts, with no coordinated
strategy for reaching the goals of
the plan.

Adaptive Management

Numerous attempts have been
made to develop and implement

! The San Franciseo Bay/Sacramento-San Jeaguin Delta in California,

adaptive management strategics in

Credi: Lund, et al. (2002)Public Policy Instiute of California. | environmental management, but

scientific foundation of the Bay Delta Conservation
Plan. However, it is not clear how the authors of the
Bay Delta Conservation Plan synthesized this mate-
rial and incorporated it into the decision-making
process that led to the plan’s conservation actions.
For example, it is not clear whether the anal-

many of them have failed for reasons
such as a lack of resources, the high cost of imple-
mentation, or the inherent variability of natural
ecosystems. Despite these challenges. there often is
no better option for implementing environmental

i and therefore the panel

yses carried out by the numerous other Delta
conservation plans and scientific assessments
were used in the draft Bay Delta Conservation
Plan.

Quantitative evaluation of the environ-
mental stressors that impact specics of interest,
ideally using life-cycle models, would
strengthen the Bay Deelta Conservation Plan.
For example, much of the analysis of the
decline of smelt and salmonids in the Delta has

Adapti is a formal, and rigorous
program of learning from the outcomes of management
actions and using this information to inform the next steps of
the plan. Predicting the outcomes of management alternatives
in natural systems is difficult, due to the many uncertainties

Ived. Adap at least in theory, can
provide resource managers with iterative strategies to deal
with uncertainties and use science, with a heavy emphasis on
manitaring, for planni il ation, and of
restoration efforts.
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concluded that the use of adaptive is

ility. No single public agency, stakeholder

appropriate for the Bay Delta Conservation Plan,
although adaptive management applicd to a large-
scale problem such as the California Bay Delta will
not be easy, quick. or inexpensive. These consider-
ations further emphasize the need for clear goals.

Adaptive management programs cannot be fully
deseribed in advance, because the program must
evolve as it is implemented. However, some aspects
of the program could be laid out more clearly than
they were in the draft Bay Delta Conservation Plan,
the panel found, The plan developers would benefit
from experience with adaptive management efforts
in other large-scale ecosystem restoration projects,
such as the Comprehensive Everglades Restoration
Program.

Manag Frag ation and a Lack of
Coherence

The of any sci based process
has a profound impact an the use of science and
adaptive g in that g . The ab:

of scientific synthesis in the draft Bay Delta
Conservation Plan draws attention to the frag-
mented system of management under which the plan
was prepared. lacking coordination and

group, or individual was made accountable for the
coherence, thoroughness. and scientific integrity

of the final product. Rather, the Bay Delta
Conservation Plan reflects the differing perspectives
of the federal, state, and local agencies, and the
many stakeholder groups involved. Unless the
management structure is made more coherent and
unificd, the final product may continue to suffer
from a lack of integration, in an alttempt to satisfy
all diserete interests and, as a result, fail to achieve
its goals. Development and implementation of large
restoration and conservation programs such as

the Bay Delta Conservation Plan often require a
complex structure o incorporate technical, political,
and legal realities and the evolving dynamics of’
both the physical and organizational environments.
The panel suggests the agencies responsible for
implementing the plan review other examples

of large scale restoration programs that have been
developed and implemented. In conclusion, the
panel underscores the importance of a credible and
a robust Bay Delta Conservation Plan in addressing
the various water management problems that beset
the Delta,

Read or purchase this report and locate information on related reports at
http://dels.nas.edu/wstb
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Summary

This report updates an initial benefit-cost analysis of the water conveyance tunnels at
the center of the Bay Delta Conservation Plan (BDCP). We find the tunnels are not
economically justified, because the costs of the tunnels are roughly 2.5 times larger
than their benefits. The economic benefits of the tunnels include water supply, water
quality, and earthquake risk reduction to areas served by export water agencies. The
economic costs include capital costs, operating and maintenance costs, and the costs
to in-Delta and upstream water users.

Benefit-cost analysis is an essential and normal part of assessment and planning of
large infrastructure projects such as the $13 billion water conveyance tunnel proposal,
but has not been part of the BDCP. This report fills an important information gap for
policy makers and water ratepayers who will ultimately bear the multi-billion dollar costs
of the project.

This is a revision of an earlier white paper dated June 14, 2012. This version has been updalted 1o reflect
new project and economic information from BOCP, and some minor lechnical and editorial changes.

The principal author of Ihis report is Dr. Jeffrey Michael, Director of the Business Forecasting Center
(BFC) at the University of the Pacific. The BFC is among the most recognized economic research
centers in California, and is known for its expertise on the Central Valley economy, growth rescurce
issues facing the region. On water issues, the BFC is known for being the only academic or government
entily to accurately assess employment impacts during the 2009 drought, and recently led the
development of the Economic Sustainability Plan for the Delta Protection Commission. This report is part
of the Center's mission of independent research and analysis of economic issues and trends in the state
and region. Mo funding was solicited or received to support this report.
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Benefit — Cost Analysis of Delta Water Conveyance Tunnels

A pair of large water conveyance tunnels is being considered as the centerpiece of the Bay
Delta Conservation Plan (BDCP). The tunnels would divert water from the Sacramento River
and convey it around the Delta to state and federal water projects serving southern California
rather than continuing to convey the fresh water through Delta channels. The construction cost
of the tunnels is estimated at $13 billion. Essentially, the project is an updated version of the
peripheral canal defeated by California voters in 1982,

This report updates an initial comprehensive economic benefit-cost analysis of the proposed
tunnel with the latest information from the BDCP. Primarily using the results of the BDCP's own
economic benefit and cost studies, we find benefit-cost ratios ranging from 0.3 to 0.5, meaning
that there are between $1.90 and $3.36 of costs for every $1 in economic benefits. When these
very low benefit-cost ratios are considered alongside the inconsistent and incomplete financial
plans, it is clear that the Delta water conveyance tunnels proposed in the draft BDCP are not
justified on an economic or financial basis.

The BDCP is considering a variety of sizes and operating criteria for the water conveyance
tunnel. This analysis focuses on a scenario hal is reported to be the preferred alternative
emerging in BDCP negatiations.! Two large tunnels will be built to convey water below the
Delta along with three intakes on the Sacramento river that can divert 9,000 cfs (cubic feet per
second) from the river. The project would result in average annual water exports in a range
between 4.3 maf (million acre feet) and 5.5 maf. The level of water exports through the tunnel
depends on a 15-year decision-tree process based upon scientific studies of the effectiveness
of the BDCP's habitat investments in recovering endangered fish populations. The studies and
decision-tree process would be concurrent to the tunnel construction, so the water yield of the
tunnels would not be known until after they are built.

This assessment examines a favorable water supply scenario for the water agencies that would
finance the tunnels, average waler exports of 5.3 maf, near the maximum level. This analysis
looks only at the water conveyance proposal in the BDCP, and does not evaluate habitat
creation proposals that provide their own benefits and would have several billion dollars in
additional construction costs that would be primarily financed by the water bond recently moved
to the 2014 ballot. As noted in a later section, this separate analysis of water conveyance
infrastruciure and habitat is consistent with Department of Water Resources’ economic analysis
guidelines.

This preliminary benefit-cost assessmenl can be updated with new information as it becomes
available. Our intention is to motivate public agencies and others to conduct comprehensive
benefit-cost analysis, and to provide appropriate economic justification of the project. Given the
poor performance of the tunnel in this initial benefit-cast analysis with several assumptions
favorable to tunnel construction, we believe it is highly unlikely that any subsequent benefit-cost
analysis will find that the project is econamically justified.

! For example, see “Gov. Jerry Brown's delta fix is not much of a plan.” San Francisco Chronicle, July 9, 2012, and
presentations at the June 20, 2012 meeting of the Bay Delta Conservation Plan.
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Benefit-Cost Analysis

Benefit-cost analysis of large infrastructure projects is common practice, and broadly considered
to be an essential part of good public policy analysis of large capital projects. For example, high-
speed rall, the other California mega-project in the news, has included multiple benefit-cost
assessments as the plan has evolved. The most recent accompanied the revised business plan
and found most scenarios had about $2 in expected benefits for every $1 in expected costs.”
The benefit-cost ratio of high-speed rail is five times higher than the benefit-cost ratio we have
calculated for the Delta water conveyance tunnel.

Benefit-cost analysis of the tunnel conveyance has been called for in numerous reports and
reviews of the BDCP, bul still has not been appropriately conducted by any state agencies or
published in any independent academic studies before this report. The Department of Water
Resources (DWR) has an Economic Analysis Guidebook that provides a comprehensive
description of DWR's approach to benefit-cost analysis.®

The DWR Economic Analysis Guidebook states the importance of benefit-cost analysis well,

Eccnomic analysis is a critical element of the water resources planning
processes because it not only evaluates the economic justification of altemative
plans but it can assist in plan formulation. (p. 1)

The economic analysis should answer questions such as, Should the project be
puilt at all? Should it be built now?, Should it be built to a different configuration
or size? Will the project have a net positive social value for Califomians
irespective of to whom the costs and benefits accrue? (p. 5)

Benefit-cost analysis is the procedure where the different benefits and costs of
proposed projects are identified and measured {usually in monetary terms) and
then compared with @ach other to determine if the benefits of the project exceed
its costs, Benefit-cost analysis is the primary method used to determine f a
project is economically justified. A project is justified when:

. estimated total benefits exceed total estimated economic costs;

. each separable purpose (for example, water supply, hydropower, flood
damage reduction, ecosystem restoration, etc.) provides benefits at least
equal fo its costs;*

. the scale of development provides maximum net benefits; and

The April 2012 hlgh speed rail benefit-cost analysis can be downlcaded from
il drail. 152/431/65151a4a-a098-4b88-9f19-19f0e 1475219 pdf. The business

plan and benefit- cost analysis uf high-speed rail have been eriticized for optimistic ridership projections, but this

debate has strengthened the policy and planning pracess for the high-speed rail project. Many of the economic

benefits of high-speed rail are health related such as recuced traffic fatalities and air pollution from reduced

h.ghwa‘r travel and the benefit-cost analysis attached monetary values to health and environmental benefits,
lhe DWR Economic Analysis Gmdebock is on the web at

‘rh.s bullet podnt is eritically important to the BOCP which some argue can only be evalu ated as a package of water
conveyance and habitat improvement projects. The DWR economic analysis guidebook is correct in stating that
water supply and habitat projects should be evaluated separately.
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. there are no more-economical means of accomplishing the same
purpose. (p. 13)

The benefits and costs of an investment occur at different points in time, and can extend for
very long time horizons. Benefit-cost analysis examines a full stream of costs and benefits over
the expected life of the project. For this analysis, we examined 50 years after the expected
completion of the tunnels in 2025.

The long streams of benefits and costs are compared using a present discounted value in
current dollars. A discount rate, comparable to an interest rate, is used to account for the time
value of money or the opportunity costs of using funds for a public investment. Public
investment has opportunity costs, because it competes with and crowds out funding for private
consumption, investment or alternative public investments.

Benefit-cost results can be sensitive to the level of the discount rate, and the choice of discount
rate is sometimes controversial in benefit cost analysis. Federal government guidelines
recommend the use of a 7% discount rate.”* The DWR Economic Analysis Guidebook endorses
a 6% discount rate. Many economists recommend a lower discount rate, such as 3%, when
looking at long-lived investments or regulations to combat leng-run, global issues such as
climate change. This analysis uses scenarios with a 3% and 6% discount rate.

Benefit-cost analysis is not just a pass/fail tesl lo be taken after an investment proposal is
finalized. It should be conducted and refined throughout a planning process as it yields valuable
insights about a projects strengths, weaknesses, and overall merit. The absence of benefit-cost
analysis throughout the BDCP process is a significant weakness that has left policy makers
poorly infarmed to make a decision about a very costly investment with far ranging economic
effects.

The objective of this report is to fill an important information void, and to challenge tunnel
proponents to make their economic case using an accepted and established benefit-cost
framework. Most of the values for benefils and costs in this report are taken directly or clearly
derived from BDCP documents or reports sponscred or cited by tunnel proponents. Most
assumptions required to derive values are made in ways that favor building the tunnel. The
detailed sources and discussion of study assumptions are in the sections that follow.

Benefits of a Delta Water Supply Tunnel

The delta water supply tunnels would provide four types of potential benefits: higher export
water supply, improved export water quality, earthquake risk reduction for water exports, and
possible environmental benefits for endangered fish species. There is a trade-off between
increasing water supply from the tunnels and their potential benefits for fish.

® see Office of Management and Budget, Circular No A-94. http://www.whitehouse.gov/omb/dirculars a094#7
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The California Department of Water Resources has recently contracted with the Bratile Group to
conduct an Ecenamic Benefit Analysis of the BOGP led by Dr. David Sunding.” The
quantification of economic benefits in this section follows the framework in the scope of work in
the “Benefits Analysis,” and the values used in this report are laken directly from the preliminary
results presented by Dr. Sunding at the BDCP public meeting on June 20, 2012 " The benefits
in the Brattle presentation are for the period of 2022 o 2050, whereas lhis analysis assumes the
tunnels would open in 2025 and considers benefits from fifty years of operalion, 2025 to 2074,
To make the adjustment, we calculated the average annual benefit in the 29 years of the Brattle
analysis, and assumed it was constant over the fifty year period from 2025 to 2074.%

The Brattle analysis is not a comprehensive statewide benefit-cost analysis, but has a more
narrow purpose to “assess whether the benefits of BDCP are sufficient to justify the costs to the
agencies receiving project water supplies.” In addition to providing reliable, current estimates
for several components of benefit-cost analysis, the Brattle “Benefits Analysis” raises some
additional considerations for financial feasibility that are discussed later in this report.

Export Water Supply:

The Braltle group estimates the present value of water supply benefits from 2022 to 2050 at
$1.898 billion for urban users and $1.138 billion for agricultural exporters using a 3% discount
rate. This equates lo average annual operating benefits of about $361 per acre foot, averaged
across both agricultural and urban water exports. The average annual benefit of $136 million for
urban agencies and $81 million for agricultural agencies creates a present value of export
waler supply benefits of $3.916 billion using a 3% discount rate and $1.700 billion using a 6%
discount rate when this annual benefit of the tunnels is extended over the 50 year period
beginning in 2025.

Export Water Quality Benefits:

Improved export water quality is a significant benefit of the proposed Delta tunnel. The Brattle
group estimates the present value of water quality benefits from 2022 to 2050 al $1.802 billion

S The Economic Benefit Scope of Work is available at
http://baydeltaconservationplan.com/Libraries/Dynamic_Document_Library/Economics_Benefit_Scope_of Wark.
sflb.ashx
" Dr. Sunding’s presentation from the meeting is available on the BDCP website,
ttp://baydeltaconservationplan.com/Librari namic Document Library/lune 2012 Public Meeting Present
ation 6-20-12.sflb.ashx. Some minor adjustments to the Brattle results have been made to reflect two differences
in the scenario analyzed in this report. We assume the tunnel begins operation in 2025 as stated in BDCP
documents, not the mare optimistic 2022 used in the Brattle modeling. Also, we analyze benefits and costs out to
2075, 50 years of operation, rather than the 2050 end date in the Brattle analysis by assuming benefits continue at
3 constant annual rate beyond 2050. This assumption may understate total benefits somewhat, but by a much
smaller amount than cutting the analysis off in 2050,
* Thie simplifying assumption may somewhat understate benefits since the benafits of the tunnel grow slowly over
time and are likely to be somewhat higher in the post 2050 periad than the pre-2050 period. However, it may also
averstate benefits in the early years that are less affected by discounting. Overall, it has little effect on the results.
An alternative option to ignore years after 2050 would result in much lower benefit estimates and significantly bias
the analysis against the tunnels.
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for all water exporters using a 3% discount rate. This equates to average annual benefits of
$129 million after the tunnels are operating. If this annual benefit is extended over a 50 year
period beginning in 2025, the present value of export water quality benefits are $2.328 billion
using a 3% discount rate and $1.010 billion using a 6% discount rate.

When cansidering water quality benefits, it is important to note that the tunnel itself does not do
anything to purify water supplies. It improves expart water quality, because the tunnel moves
Delta water exporters’ diversion points to a stretch of the Sacramento River between Clarksburg
and Courtland where water quality is better. The new intake would be upstream of the existing
diversions of Sacramento River water by most Delta farmers, the Contra Costa Water District,
and the cities of Stockton and Antioch, whereas the current intakes are downstream of these
users. Thus, any water quality benefits received to the export projects will be at least partially
offset by a degradation of water quality to those water users who will now be downstream of the
massive intakes of the new tunnel. Many of these offsetling costs have not been thoroughly
analyzed, but are at the root of much of the opposition to the proposed Delta tunnels. Some of
these potential costs are included in the In-Delta and Upstream Impacts section in the cost
assessment that follows.

Earthquake Risk Reduction:

A massive earthquake that floods Delta islands and disrupts water conveyance is frequently
cited as the most important economic justification for an isolated water conveyance facility
around the Delta. This is inaccurate. The Delta tunnels are often incorrectly portrayed as the
only way to protect the economy from a catastrophic earthquake risk, and economic risks of
water supply disruption are often inflated by including non-water supply economic losses. In
this section, we first assess the economic benefit from the tunnels’ earlhquake protection
assuming that there are no seismic upgrades to the Delta levee system. We use these values
in the benefit-cost analysis. Second, we discuss altemnative options for reducing seismic risk
that protect against a broader set of economic risks at lower cost than the tunnels.

The scope of wark for the BDCP "Economic Benefit" analysis described a correct approach for
an economic assessment of seismic risks, “After developing estimates of the probability of
various outage scenarios, Contractor will calculate expected losses and characlerize the risk
inherent to the current system.” In the June 20 presentation at the BDCP meeting, the Braftle
analysis did not include probabilities of outage scenarios or calculate expected losses. It only
showed losses from a scenario when a massive earthquake occurs on the first year the tunnels
are operating. However, it is straight forward to use these results to derive the expected annual
losses called for in the scope of work.

The length of seismic outages that are currently being discussed as likely, especially in light of
recent and planned responses to the levee and emergency respanse system and the effect of
freshwater flushing out the Delta, is on the order of 6 to 12 months. According to the June 20
presentation by the Bratile Group, the estimated present value cost of an outage occurring in
2022 as $722 million for 6 months, and $2.093 billion for a 12 month water supply outage. The
effect of discounting needs to be eliminated to calculate an expected annual loss. The
undiscounted cost of a 6 to 12 month oulage in 2022 is $970 million to $2.812 billion.

5



To calculate an expected value, these undiscounted expected annual losses would be multiplied
by an annual probability of such a seismic event and failure occurring. According to Figure 5 in
the executive summary® of the Delta Risk Management Strategy Phase 1 report, the annual
probability of 10+ islands failing from earthquake is about 3%, and the annual probability of 30
or more islands failing is about 1%. Many engineers feel that these failure probabilities are far
too high'®, but we utilize them below in the absence of more current published probabilities.

Table 1 Exp d annual urban losses from a Delta earthquake

| Annual Probability mos outage ($970m) 12 mos outage ($2,812m) |
03 201m ] [ §84.4m
.02 - 19.4m [$56.3m
.01 9.7 m | $281m

The median value in the table is about a $29 million expected annual urban losses that could be
avoided if the Delta water supply tunnels were built. The Brattle presentation did not calculate
agricultural losses, but assuming that the urban to agriculture ratio of earthquake protection
benefits is similar to the water supply benefits, the expected annual benefits from earthquake
proteclion are $48 million annually for urban and agriculture combined. If this annual benefit is
extended over a 50 year period beginning in 2025, the present value of earthquake protection
benefils are $866 million using a 3% discount rate and $376 million using a 6% discount rate.
Although we use these values in the benefit-cost analysis, they are likely to be far too high as
the earthquake probabilities are lower, and, as explained below, there are less costly options
that could lower the risk of seismic water export outages to near zero.

If a massive earthquake were to cause ten or more Delta islands to simultaneously fload, the
human and economic losses that would result are much larger than the impact on water
supplies. According to the Della Risk Management Strategy (DRMS) reports, hundreds of
people in the Delta would drown in such a catastrophic flood, possibly more. In addition, the
DRMS reports found that interruptions of export water supply would be only 20% of the
economic loss of such a catastrophe. Much larger economic losses would come from
disruptions to natural gas sysl , electricity transmission and generation, state highways,
ports, railroads, and significant losses of in-Delta businesses, homes, and farmland. Given the
scale of these potential losses to multiple types of economic infrastructure, it makes sense to
consider seismic upgrades to the Delta levee system that protect all econemic values in the
Delta, including water exports.  Unlike a tunnel, seismic levee upgrades could also save
hundreds of lives and prevent environmental destruction of such a catastrophic flood.

Two reports by state agencies have identified seismic levee upgrades as a viable earthquake
risk reduction strategy in the Delta."" The Delta Protection Commission Economic Sustainability

? http:/ fwww.water ca.gov/floodmgmt/dsmoysab/drmsp/docs/drms _execsurn phl final | f

9 Eor example, Dr. Robert Pyke, 3 well-known geotechnical engineer states that the probability of an earthquake
floading ten or more islands is much lower than 1%,

' *Economic Sustainability Plan for the Sacramento-San loaquin River Delta.” Delta Protection Commission.
lanuary 2012. http:f/www.forecast.pacific edu/desp.html. “Risks and Options to Reduce Risks to Fishery and
Water Supply Uses of the Sacramento/San Joaquin Delta.” Department of Water Resources and Department of

3

No comments
-n/a-



No comments
-n/a-

Plan estimated the cost of 300 to 600 miles of seismic levee upgrades at between $2 billion and
$4 billion, including riparian habilat enhancements on the enlarged levees. The Department of
Water Resources' January 2008 AB 1200 found an “Improved Levees" scenario with 100 miles
of seismic upgrades to eight islands in the south Delta was the lowest cost of three promising
risk reduction strategies, including a peripheral canal.”?  In addition, a 2007 PPIC report
estimated the cost of a similar Dulch style, “Fortress Delta” strategy at $4 billion.” Seismic
levee upgrades are 1/6 to 1/3 the cost of the proposed water conveyance tunnel, and provide a
much larger and broader range of risk reduction benefits to the economy.

Understanding the larger picture of earthquake risk is essential because benefit-cost analysis is
based on “with and without” comparisans to the next best alternative. It is hard to envision that
the state and federal governments would allow the seismic risk to human life and other
economic assets in the Delta to remain unaddressed even if water exporters moved ahead with
a Delta tunnel. Since necessary seismic upgrades to Delta levees could be completed by the
time a Delta tunnel conveyance was constructed, a water supply tunnel would create no
additional seismic protection for water exports. In this scenario, the earthquake risk reduction
benefits of the water supply tunnel are zero." Although we believe zero is a mare appropriate
value for benefit-cost analysis, we utilize the higher estimates that assume that alternative
strategies to reduce seismic risk are nol implemented, and thus the risks to the broader
economy and public safety are ignored.

Environmental Benefits:

At equal levels of water exports, a water supply tunnel could have environmental benefits for
endangered fish over the current diversion location in the south Delta that causes reverse flows
in some Delta rivers and entrainment of endangered fish in the pumps. However, as water
exports are increased beyond the no-tunnel estimate of 4.7 maf of average exports, the
marginal environmental benefits of a tunnel diminish. The BDCP's most recent “effects
analysis” found that an operating plan that includes 5.9 maf of average exports would harm
many of the endangered species the BOCP intends to help. This benefit-cost analysis assumes
an increase in water exports to a slightly lower level of 5.3 maf, near the top of the 4.3maf to
5.5maf range that is reported to be under current consideration. At higher levels of water
exporls, most if not all environmental benefits that could directly result from a tunnel are
consumed or monetized in the form of higher water exports, and the environmental benefits of

Fish and Game. January 2008,

http://www.water ca gov/floodmemt/dsmo/sab/drmsp/docs/AB1200 Report to Legislature. pdf.

¥ The seismic upgrade of anly 8 islands was found to reduce the cost of water esport interruptions from the
largest Delta earthquake by 2/3, and the strategy had the largest overall economic risk reduction because it also
protected other economic assets from flood in the case of an earthquake,

" The PPIC ruled out a “fertress Delta” solution in 2007, because its $4 billion cost was seen as too high, and they
assumed a peripheral canal cost only $3 billion. The PPIC also ignored or downplayed public safety and the risk to
non-water supply infrastructure. See  “Envisioning Futures for the Sacramento-San Joaquin Delta” Public Policy
Institute of California, February 2007. http://www.ppic.org/main/publication asp?i=671

' If the tunnel conveyance were implemented a5 part of a Delta policy package that prevented or delayed seismic
|evee upprades in the Delta, it could be argued that that the net earthguake risk reduction benefits of a tunnel are
negative compared to the next best alternative.
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the BOCP would come from an extensive program of habitat restoration separately funded by
state and federal taxpayers. If the tunnel did not result in increased water exports, there could
be an increase in environmental benefils, but the water supply benefits would drop 1o zero. This
trade-off between export water supplies and environmental benefits has been at the center of
much of Delta discussions. Because increased water exports are essential to financing the
tunnel by water contractors, we believe that a mare environmentally bereficial scenario of
tunnel conveyance that does not result in increases export water supplies is financially
infeasible and irrelevant. Thus, we focus on the most realistic case of high water exports.

Costs of a Delta Water Supply Tunnel
Capital Costs:

We use the $12.7 billion construction cost estimate from Chapter 8 of the February 29, 2012
Draft Bay Della Conservation Plan {E!DCP)“s There are news reports that tunnel cost estimates
have risen ta $14 billion'® and possibly more. However, the proposed design change to a 9,000
cfs system with three intakes and large gravity fed tunnels may reduce construction costs. The
elimination of two intakes and an intermediate pumping plant from the ariginal 15,000 cfs design
could reduce the cost estimate by about $2 billion. However, the gravity flow tunnels may have
to be larger than originally estimated'” which would increase costs. Since there are conflicting
reports that costs have increased or decreased by roughly $2 billion, we stay with the original
cost estimate. These figures are easy to revise once updated cost estimates are available. In
addition, this construction cost estimate does not include costs for "avoidance and minimization™
measures associated with construction of the tunnel conveyance, since no cost estimate for this
component was included in the most recent draft of BDCP.

Chapter 8 of the BDCP describes a financing strategy for construction that would involve issuing
a series of 4 revenue bonds with 40 year repayment terms. Debt servicing costs are estimated
at $1.1 billion annually from 2021 through 2056, and the last of the bonds would be retired in
2061. Table 8-61 of BDCP Chapter 8 details the distribution of the $12.7 billion in construction
costs over time. The present value of these construction costs are $10.777 billion using a 3%
discount rate and $9.205 billion using a 6% discount rate.

Operating and Maintenance Costs:

The February 29, 2012 draft BDCP estimates operation and maintenance costs for the Della
tunnel at $85 million annually, including $17.8 million in electricity costs.'® For the 50 year

** hitp://baydeltaconservationplan.com//Libraries/Dynamic_Document_Library/BDCP_Chapter 8 _-
_Implementation_Costs_and_Funding_Sources_2-29-12.sflb.ashx

o Weiser, M. Sacramento Bee, February 20, 2012. “Water Tunnels Wauld Be Huge Project—If They Clear Huge
Obstacles.”

17 Chapter 8 of the BDCP states that the tunnels would accommodate 7,000 cfs gravity feed, and DWR
representatives at the June 20 meeting says that sizing had not been finalized but acknowledged that 9,000 cfs
gravity feed tunnels may have to be larger than 15,000 cfs tunnels with an intermediate pumping plant.

I* The electricity share of operating costs could decrease if tunnels are sized for gravity flows. Since electricity is a
relatively small share of operating costs, we have not made an adjustment without further details of the impact.
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period beginning in 2025, the present value of operating and maintenance costs are $1.533
billion using a 3% discount rate and $665 million using a 6% discount rate.

In-Delta and Upstream Costs:

The water supply tunnel will generate a variety of costs on in-Delta and upstream uses. As
discussed before, the large new diversion on the Sacramento River will degrade water quality
for those who divert Sacramento River downstream from the proposed intakes. These users
include Delta farmers, the Contra Costa Water District, the Cities of Antioch and Stockton,
industrial user such as power plants in eastem Contra Costa County, and the North Bay
Aquaduct that serves Napa and Solano. In addition, the footprint of the tunnel facility will
eliminate Delta farmland and property (although less than a surface canal), and three massive
new water intakes will create substantial visual and noise pollution along a scenic, rural stretch
of the Sacramento River, harming Delta residents and detracting from recreation and tourism in
the area. Upstream users, such as the North State Water Alliance, are concerned that the
tunnel operation could reduce upstream water supplies, and result in lower reservoir levels
which could affect hydroelectric power generation and recreational use of reservoirs.

Economic values have not been estimated for most of these impacts. The Delta Protection
Commission Economic Sustainability Plan estimated a waler conveyance tunnel would result in
an average of $65 million in annual losses for Delta agriculture; including about $50 million in
losses from reduced water quality, and an additional $15 million in annual crop losses from
roughly 8,000 acres of farmland lost to construction impacts and the physical footprint of the
facilities." It is possible that a tunnel with fewer intakes and operated for environmental
benefits would be more protective of in-Delta water quality and result in lower impacts on Delta
agriculture. Even if Delta agricullure impacts were lower than $65 million, the other impacts to
in-Delta urban water intakes, Delta communities, and upstream water users would surely push
the overall cost of in-Delta and upstream impacts higher. We use $65 million as a very
conservative, preliminary estimate of the annual costs to in-Delta and upstream interests, and
have not made any estimate of in-Delta costs associated with the construction activity itself. For
the 50 year period beginning in 2025, the present value of estimated in-Delta and upstream
costs are $1.173 billion using a 3% discount rate and $509 million using a 6% discount rate.

Benefit-Cost Ratio

Table 2 summarizes the benefits and costs detailed in the previous section. Using both a 3%
and 6% discount rate, the economic benefits of the tunnels are about 57 billion less than the
costs. Even without discounting, meaning that the time value or opportunity cost of money is
ignored, the benefits are still $500 million lower than the cost through 2074. The benefit-cost
ratio ranges from 0.3 lo 0.5 depending on the discount rate used. Alternatively, costs are two to
three times higher than the benefits.

 hittp:/ fwww. forecast pacific.edu/desp. html



Table 2 Benefits and Costs of Delta Tunnels through 2074

Results are expressed as p t ted values calculated with 3% and 6% discount rates. Ending

year of 2074 is fifty years after esti completion of tunnels in 2025. (millions of current dollars)
Benefits ($ millions) 3% Discount Rate | 6% Discount Rate
Export Water Supply at 5.3 maf of exports 3,916 1 1,670
Export Water Quality 2,328 | 1.010
Earthquake Risk Reduction 866 | 376
Environmental Benefits at 5.3maf of exports 0 | [i]
Total Benefits ($ millions) 7.110 3,056
Costs ($ millions)
Debt Service Capital Cost 10,777 9,205

| Operation and Maintenance 1,533 666
In-Delta and Upstream Impacts 1.173 509

 Total Costs ($ millions) 13,484 10,380
Net Benefits ($ millions) -6,374 -7,324
Benefit-Cost Ratio 0.527 0.297
Cost-Benefit Ratio 1.90 3.36

Table 3 Estimated Annual Benefits and Costs in 2030

| Benefits (§ millions) | 2030 Benefits/Costs |
Export Water Supply at 5.3 maf of exports | 217 |
Export Water Quality 129
Earthquake Risk Reduction 47
Environmental Benefits at 5.3maf of exports | 0

‘Total Annual Benefits (5 millions) 393
Costs ($ millions)
Debt Service Capital Cost B 1,100

| Operation and Maintenance ] 85
In-Delta and Upstream Impacts ) 65

Total Annual Costs ($ millions) 1,250

Although we have been careful lo use the most recent reliable values from the BOCP and
reports of other state agencies, there is uncertainty surrounding any assessment of this kind.
The uncertainties and any omitted values are balanced between items that help and harm the
economic case for the tunnels. For example, the in-delta and upstream costs are almost
certainly underestimated, and include no in-Delta impacts from the construction process, in-
Delta municipal water supply and quality impacts, and a host of potential upstream impacts on
water supplies from the Sacramento Valley to the east side of the San Joaquin Valley. As
discussed in a previous section, the earthquake risk reduction benefit is likely overstated since it
ignores the alternative of seismic upgrades to the Delta levee system. The water supply
benefits and capital costs may also prove to be too optimistic, further weakening the case for
the tunnels. On the other hand, the tunnels would facilitate water transfers from areas north of
the Delta, benefits that have not been valued in this analysis. In addition, the initial Brattle
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results did not include urban benefils to Santa Clara which receives some of their water supplies
from the Delta. The cost of the tunnels may also be reduced if an altemative with fewer intakes
is selected. Overall the uncertainties and omissions are balanced and it seems very unlikely
that any of them could be large enough to change the conclusion given the size of the gap
between costs and benefits.

Some sceio-economic considerations are also not included in the analysis. Most notably, the
values of agricultural water do not include multiplier effects to caplure the broader regicnal
economic benefits created by water supplies. There are legitimate reasons why these indirect
impacts are generally excluded from benefit-cost analysis, but the special role of agriculture in
supporting the economic base of the Central Valley should be acknowledged. If these socio-
economic values of agricultural production were included, the benefits would increase by about
$100 million per year, a roughly 25% increase in total benefits. However, it is important to note
that these socio-economic impacts are present for both areas that benefit from water exports
from the tunnels, and for the in-Delta and upstream areas that are potentially harmed.
Incorporating socio-economic impacts would increase both the benefits and the costs of the
tunnels.

Financial Feasibility and Ratepayer Impacts

Benefil-cost analysis is somelimes confused with financial analysis and ratepayer impacts.
Benefit-cost analysis does not estimate rate increases as these depend upon a number of
financing assumptions, the amount of public investment, cost recovery principles, and business
considerations of individual utilities. Benefil-cost analysis is a tool for policy analysis and
decision making that informs whether a project is economically justified and should be built.

In contrast, financial feasibility analysis simply investigates whether a project can be financed
and paid for, whether or not it is economically desirable or the most cost-effective way to meet a
given objective. Financial feasibility must be demonstrated for certain regulatory requirements,
and also must be proven to investors who are needed to buy bonds to finance construction.
Financial feasibility is clearly linked to estimating ratepayer impacts since increased water rate
revenue will be required to finance the bonds.

Despite the differences, the benefit-cost calculations raise serious questions about financial
feasibility. If only the benefits and costs to water exporters in Table 2 are considered, the total
benefits of the funnels are still about $6 billion shy of the lotal costs that would be paid by the
waler agencies. However, there could be additional benefits to water agencies thal are not
accounted for in Table 2, such as the value of regulatory assurances that would be part of the
BOCP. Financial feasibility also raises concerns about how the costs would be distributed
across the state and federal water projects and urban and agricultural agencies.

Regulatory Assurance under the Endangered Species Act:

The tunnels are proposed as part of the BDCP, a habitat cunservation plan (HCP) that may
reduce regulatory risk to the exporting water agencies from further cuts in Delta water exports
due to Endangered Species Act protections for endangered fish. This regulatory assurance
would have tremendous value to the water agencies.
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Despite its value to water agencies, we did not include regulatory assurance in the
comprehensive benefit-cost analysis because the assurance does nol creale any value from a
comprehensive, statewide perspective. Regulatory assurance transfers the risk of a negative
environmental outcome from the export water agencies to the environment, taxpayers, and in-
Delta and upstream resource users who might have to pay in place of water agencies if the
tunnels tum out to be negative for endangered fish. If the value of the fisheries and the Delta
environment are as high as the Brattle Group and BDCP estimate, then shifling this risk away
from water exporters could actually be a net negative from a stalewide perspective.

Despite the lack of statewide value, there is no denying thal regulatory assurance is valuable to
water exporters and contributes to their financial feasibility. But what is it worth? Preliminary
madeling from the Brattle Group presented at the June 20, 2012 BDCF meeting suggests the
value of regulatory assurance could be as high as $11 billion. That would exceed the $6-7
billion shortfall suggested by the benefit-cost analysis. However, this issue begs another
important guestion.

Does regulalory assurance and a valid HCP granting incidental {ake permits for the water
agencies require the peripheral tunnels?  According to this analysis, the water agencies could
pay up to $6 billion in habitat improvements for an HCP on the current through Delta
conveyance system, and still come out economically ahead of paying for the $13 billion tunnels.
It seems logical that the necessary investments for an HCP and regulatory assurance on a no-
tunnel altemative would be no more expensive than the $4 billion expense of habitat creation in
the current BDCP proposal. Taxpayers would benefit greatly from this approach since a water
bond that further burdens the state's beleaguered general fund would be unnecessary lo
finance Delta habitat upgrades.

Will Costs Be Allocated Proportional to Water Supply, Economic Benefits, or Population?

Although the BDCP has yet to release a detailed financial plan with cost allocations between
Delta export water agencies, lhe agencies have said that the cost of the tunnel would be paid in
proportion to the water received through the tunnel. For example, Metropolitan Water District,
has said it expects its ratepayers to pay for 28% of the cost of the tunnel, equivalent to their
share of Delta water exports. However, the high cost of the Delta project raises serious
affordability questions for the agricultural users who receive the majority of water exported from
the Delta. The cost of irrigating with water exported through the tunnels would exceed the
profits of many crops grown in the Central Valley.

A proportional financing plan is simple to implement, pr ts cross-subsidies between urban
and agricultural users and is consistent with California Proposition 218. However, financial
feasibility for a proportional financing plan requires the benefits to exceed the cost for every
water agency, a much tougher standard than assessing whether the collective benefits to the
agencies exceed the collective costs to the agencies. As discussed above, a proportional cost
allocation means the tunnels are clearly financially infeasible for agricultural water agencies who
receive the maijority of water exported from the Delta under proportional cost allocation

The most recent draft of the BDCP suggests a nen-proportional financing approach, and
compares the cost of the tunnel to urban rather than agricultural water supply projects. In fact,
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the draft BOCP financial analysis states the project is feasible because its per capita costis
smaller than some urban water projects financed by local urban water agencies. But the per
capita financial feasibility analysis in the draft BDCP is inconsistent with the statements water
contractors have made about proportional financing for the past five years. At the June 26,
2012 board meeting of the Metropolitan Water District (MW D), directors clearly expressed
disapproval of the per capita financing suggested in the latest draft BDCP and MWD staff
concurred.

Despite the fact that proportional cost allocation will clearly not work for financing the tunnels,
water agencies have not put forward any other approach with their boards or ratepayers. The
facts are that the tunnels are financially marginal for water agencies collectively, and that urban
waler use produces 2/3 of the benefit with 1/3 the water, and agricultural water use is 1/3 the
benefit with 2/3 of the water. Financing the tunnels will either require a subsidy for agricultural
users from urban ratepayers or laxpayers, or significant sales of water from agricultural to urban
water agencies that will lead to fallowed fields in the Central Valley but more funds for bond
repayment. Buturban agencies and the government are adamant thal there will be no
ratepayer or taxpayer subsidies for farmers. And farmers insist that they have no intention of
selling their water supplies 1o urban areas.

The result is thal mere days from the Govemor's expected announcement that the state is
building the tunnels, water agencies still can't provide details on how much it will really cost their
ratepayers or explain how they would generate the nearly $1.2 billion per year necessary for
debt service and operating costs. There has been some informal discussion about pricing
strategies that would yield more revenue for debt service such as differential pricing by reliability
or allocating costs proportional to economic benefits instead of water quantity. However, itis
unclear if such new pricing schemes are practical, supported by ratepayers or consistent with
Proposition 218,

Of course, the main reason that financing the tunnels is so challenging is that the project does
not provide economic benefits that exceed its cost. The recent recession is a powerful reminder
that no amount of financial engineering can change the fundamental economics of an
investment from bad 1o good.

Conclusion

This report updates an initial benefit-cost analysis of the water conveyance lunnels at the center
of the Bay Delta Conservation Plan (BDCP). Primarily using the results of the BDCP's own
economic benefit and cost studies, we find a benefit-cost ratios ranging from 0.3 o 0.5, meaning
that there are between $1.90 and $3.36 of costs for every $1 in economic benefits. To put this
in perspective, this benefit-cost ratio is B0% lower than those estimated for the State’s high-
speed rail project.

When these very low benefit-cost ratios are considered alongside the inconsistent and
incomplete financial plans, it is clear that the Delta waler conveyance tunnels proposed in the
draft BDCP are nol justified on an economic or financial basis.
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Date: July 25, 2012

Richard Stapler (California): (916) 653-9402
Blake Androff (DOI): 202-208-6416

Jim Milbury (NOAA): 310-245-7114

Governor Brown and Obama Administration Outline Path Forward
for Bay Delta Conservation Plan
California, Interior, NOAA Reaffirm commitment to comprehensive
solution to California’s water supplies and a healthy ecosystem

SACRAMENTO, CA - California Governor Edmund G. Brown Jr., Secretary of the Interior Ken
Salazar, and National Oceanic and Atmospheric Administration (NOAA) Assistant
Administrator for Fisheries Eric Schwaab today outlined revisions to the proposed Bay Delta
Conservation Plan (BDCP) that, along with a full range of alternative proposals, will undergo a
rigorous public environmental review in the coming months. In announcing the path forward for
an enhanced BDCP process, the officials emphasized that California’s water system is
unsustainable from an environmental and economic perspective, and that the BDCP is a key part
of a comprehensive solution to achieve the dual goals of a reliable water supply for California
and a healthy California Bay Delta ecosystem that supports the State’s cconomy.

Population growth, habitat loss and ongoing threats to levee stability and water supply have
crippled the California Bay Delta, threatening the health and economies of California
communities. The revised approach, which is grounded in science, is designed to help restore
fish populations, protect water quality, and improve the reliability of water supplies for all water
users who reccive deliveries from state and federal projects. It improves on key aspects of
previous proposals and offers a strong governance model, financing options, a scientific review
process and a steadfast conservation foundation for a new water conveyance facility to move
water and help restore the health of the ecosystem.

"A healthy Delta ecosystem and a reliable water supply are profoundly important to California's
future," said Governor Brown. "This proposal balances the concerns of those who live and work
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in the Delta, those who rely on it for water and those who appreciate its beauty, fish, waterfowl
and wildlife.”

“As broken and outdated as California’s water system is, we are also closer than ever to forging a
lasting and sustainable solution that strengthens California’s water security and restores the
health of the Delta,” said Secretary Salazar. “Through our joint federal-state partnership, and
with science as our guide, we are a taking a comprehensive approach to tackling California’s
water problems when it comes to increasing efficiency and improving conservation. Today
marks an important step forward in transforming a shared vision into a practical, effective
solution, With California’s water system at constant risk of failure, nobody can afford the
dangers or costs of inaction.”

“The status quo isnt working for fish, communities around or dependent upon the Bay Delta,
economic development, or water resources management,” said Dr. Jane Lubchenco, Under
Secretary of Commerce for Oceans and Atmosphere and NOAA Administrator. “Our proposed
changes to the BDCP reflect important improvements in shaping a comprehensive strategy to fix
a broken system. Because this is a complicated issue and we do not have all the answers today,
we will continue to evaluate and refine the proposal. We call upon the many participants
throughout California to join us in staying focused on science-based solutions.™

The elements of a preferred proposal include the construction of water intake facilities with a
total capacity of 9,000 cubic feet per second -- down from an earlier proposal of 15,000 cfs —
operations of which would be phased in over several years and a conveyance designed to use
gravity flow to maximize energy efficiency and to minimize environmental impact. Many other
alternatives, including no conveyance facility, and facilities with capacities ranging from 3,000
to 15,000 cfs, will also be fully considered as part of the upcoming environmental review
process.

Governor Brown and Secretary Salazar affirmed their commitment to continue working with
water users, non-governmental organizations and local governments to achieve the co-equal
goals in a manner that incentivizes reduced, efficient water use throughout Califomia and that
protects and enhances the unique cultural, recreational, natural resource, and agricultural values
of the Delta.

Having identified the key clements of a proposal, the partics expect 1o issue a draft Bay Delta
Conservation Plan and corresponding Environmental Impact Report/Environmental Impact
Statement for public review this fall. In recognition that water supply reliability and affordability
clements are vitally important to the public water agencies who are expected to pay for any
proposed facilities, the state and federal agencies will work intensively with the public water
agencies and other interested parties over the next 90 days to address these important questions.
State and federal agencies will continue to refine the proposals announced today and will issue a
major progress report after the completion of this initial work.

The proposal outlined today is based on shared objectives, including:
Science: In order to determine the benefits of additional habitat and Delta outflow to fish, the
State and U.S. governments are developing a process, including independent scientific review, to



ensure that science is playing a neutral and informative role in determining a way forward for the
BDCP. All parties, including water users, conservation groups and public agencies will be
invited to fully participate in the process. Science will guide how to best restore the ecosystem
and how much water can be exported.

Conservation: The BDCP will contain biological goals and objectives to improve the status of a
wide variety of listed species and species of concern under the Endangered Species Act, and will
quickly implement new habitat projects in the Suisun Marsh and the Delta upon completion of
appropriate environmental reviews.

Cooperation and Governance: State and U.S. governments will work cooperatively with local
water agencics, environmental organizations, and Delta governments and districts under a

proposed governance structure to achieve an open, transparent, and inclusive process, allowing
affected parties to play an appropriate role in the governance and implementation of the BDCP.

Finance: State and U.S. governments are committed to the “user pay” principle, and the state
and federal water contractors agree that the costs of the new water conveyance facility and
associated mitigation of that facility will be paid through charges to the water users who would
benefit from its development and operation. Habitat and other conservation measures in the
BDCP would be financed in part by the contractors, but would mestly be paid by the state over a
period of 40 years, with likely additional investment by the federal government through existing
programs.

Adaptive Management: The proposal reflects the shared commitment by state and U.S.
governments to incorporate adaptive management to ensure flexibility as factors such as climate
change, new invasive species, and unexpected prolonged drought continue to affect the biology
and water supplies of the Delta.

Sustaining Delta Communities: The State and U.S. governments recognize the need to preserve
the unique communities and agricultural produetivity of the Delta. State and federal agencies
will continue investment in the Delta for flood protection, community development, and
biological restoration,

Protecting Upstream Water Users: State and U.S. governments will make sure implementation
of BDCP will not result in adverse effects on the water rights of those in the watershed of the
Delta, nor will it impose any obligations on water users upstream of the Delta to supplement
flows in and through the Delta.

Improved Water Management State-wide: State and U.S. governments will continue to explore
new ways to satisfy competing water demands, including commitments to an Integrated Water
Management approach, reducing water demand, increasing water supply, and improving
efficiency of operations. The Metropolitan Water District of Southern California and the Santa
Clara Valley Water District - the two largest urban regional water agencies-- have committed to
exceed the urban water savings target established in the 2009 Delta Reform Act by saving
700,000 acre-feet a vear based on predicted future demands. This includes a commitment by
Southern California to annually save more water through conservation and recycling than it
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receives, on average, from Northern California, as well as a commitment from the Santa Clara
County Water District to meet Silicon Valley’s future increases in demand through conservation
and recycling. With respect to agricultural water use, the Bureau of Reclamation has worked
with local water agencies to invest close to $50 million over the last eight ycars in cfficiency
improvements in California. Reclamation is now partnering with the Natural Resources
Conservation Service to provide funding for projects that improve water management and create
new supplies for agricultural irrigation. In the last two years, approximately $15 million in
federal fanding has been invested in this effort. The State of California has invested more than
$47 million in similar programs since 2001.

For more information on today’s announcement, including a q&a document and information on
how the proposal is expected to improve fish species, please visit:

htip://baydeltaconservationplan.com
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To protect and restore California Rivers by influencing public policy and inspiring citizen
action,

FRIENDS OF THE RIVER

1418 207H STREET, SUITE 100, SACRAMENTO, CA 95811

PHONE: 916/442-3155 @ Fax: 916/442-3396

WWW.FRIENDSOFTHERIVER.ORG

January 11, 2013

Cindy Messer

Delta Stewardship Council
980 Ninth Street, Suite 1500
Sacramento, CA 95814

Re: Comments on Final Draft Delta Plan (DP), Recirculated Draft Programmatic Environmental
Impact Report (RDPEIR) and Proposed Delta Plan Rulemaking Package (Regulations) including
Presentation of New Alternatives 2A and 2B

Dear Ms. Messer and Council Members:

This organization, Friends of the River, objects to approval of the Delta Plan (DP).
RDPEIR, and Regulations. This organization is included as a commenter in the detailed
comments submitted by the Environmental Water Caucus (EWC). These brief additional
comments are submitted solely on behalf of this organization. A fundamental threshold CEQA
violation carried out by the Delta Plan, RDPEIR and Regulations is that they call for carrying out
the “aliernative” of developing new conveyance facilities to divert huge quantities of freshwater
from the Sacramento River upstream from the Delta for the benefit of exporters south of the
Delta. These documents call for that even though no true alternative to developing new
conveyance has ever been considered by either the Council or by the exporters creating the
BDCP project. This failure to consider an alternative that would avoid or substantially lessen the
massive environmental impacts that would occur with construction and operation of new water
delivery conveyance must be remedied by full consideration of a reasonable range of alternatives
in a recirculated Drafl EIR.



The Council Process Violates CEQA by Failing to Develop and Consider a Range of
Reasonable Alternatives to Developing New Conveyance

Close to two years ago, the National Academy of Sciences declared in reviewing the draft
BDCP that: “[c]hoosing the alternative project before evaluating alternative ways lo reach a
preferred outcome would be post hoc rationalization— in other words, purting the cart before the
horse. Scientific reasons for not considering alternative actions are not presented in the plan.”
(National Academy of Sciences, Report in Brief at p. 2, May 5, 2011).

In all that time, nothing has changed in this regard. The Coungil is still succumbing to the
will of exporters who still want a conveyance that will take 15,000 cfs of freshwater out of the
Sacramento River upstream from the Delta. The Delta would be lefi to face ever worsening
salinity intrusion from the Bay due to a projected rise in the sea level by as much as 557 by 2100
(DP 80, 91) while the Revised Project further worsens salinity intrusion by taking out massive
quantities of freshwater before it even reaches the Delta.

Conclusions in an EIR must be supported by substantial evidence. CEQA Guidelines
section 15384 defines substantial evidence as “enough relevant information and reasonable
inferences from this information that a fair argument can be made to support a conclusion. even
though other conclusions might also be reached.” “Substantial evidence shall include facts,
reasonable assumptions predicated upon facts, and expert opinion supported by facts.”
“Argument, speculation, unsubstantiated opinion or narrative, evidence which is clearly
erroneous or inaccurate, or evidence of social or economic impacts which do not contribute to or
are not caused by physical impacts on the environment does not constitute substantial evidence.”

All that the subject documents contain to support the Revised Project alternative and the
call for improved, meaning new conveyance, is argument, speculation, and unsubstantiated
opinion and narrative. A new Draft EIR must be prepared and recirculated because “the draft
FIR [and RPDEIR] was so fundamentally and basically inadequate and conclusory in nature that
meaningful public review and comment were precluded.” (CEQA Guidelines, § 15088.5 (a)(4).)
This entire process has been permeated from the outset with pre-decisional bias to develop the
massive new conveyance capacity. As set forth in detail in the EWC comments there has been
incomplete compliance with CEQA and there has been no public trust doctrine analysis
performed.

We strongly support the EWC alternative which has been labeled Alternative 2.
However, we present two additional alternatives in an attempt to help the Council and its EIR
preparers 1o start down the road finally, of complying with CEQA and satisfying the obligations
created by the public trust doctrine. These two alternatives are set forth below. Because the
Council has been presented with three alternatives that substantially lessen significant and
unavoidable impacts identified in the Draft Plan, recirculation of a new Draft EIR is now
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required. CEQA Guidelines section 15088.5(a)(3) requires recirculation when a feasible project
alternative considerably different from others previously analyzed would clearly lessen
significant environmental impacts of the project, but the project’s proponents decline to adopt it.
Alternative 2, 2A. and 2B are feasible alternatives that must be analyzed in a recirculated Draft
EIR.

New Alternatives 2A and 2B Would Avoid the Adverse Impacts of the Revised Project

Alternative 2A: This alternative can be thought of as “think before you act.” Under
Alternative 2A. the Delta Plan and the Regulations would not encourage or recommend new or
improved conveyance, water intakes, conveyance facilities, exporting more water in the wet
years, optimizing diversions in wet years, and the like at this time. The decision whether to call
for new conveyance would await the determination of such fundamental issues as water supply
availability and the environmental impacts of supplying the water under CEQA including a
helpful guide as to what is necessary, set forth in the California Supreme Court’s decision in
Vineyard Area Citizens for Responsibie Growth, Inc. v. City of Rancho Cordova (2007) 40
Cal.4™ 412. The decision whether to call for new conveyance would also await your
determination that would take into consideration a cost-benefit analysis and public trust doctrine
analysis. The decision would also await the Council’s preparation and circulation of a new Draft
EIR so that the decision-making public agencies, and the public itself, would have the benefit of
full environmental disclosure, consideration of the true project and its environmental impacts,
and thus the abilily o make an informed choice among reasonable alternatives.

The RDPEIR demonstrates the lengths the EIR preparers are willing to go to in order to
reach the desired pre-decisional conclusion that the Revised Project is environmentally superior.
They may assert that the detailed CEQA analysis, water availability determinations, and public
trust doctrine analysis will and/or should be made by other agencies such as the BDCP lead and
responsible agencies and/or the State Water Resources Control Board (SWRCB). On the
contrary, in order to proceed in a manner required by law seme public agency must make these
critical determinations before the threshold choice of alternatives is made to call for new
conveyance, If the Council is unable or unwilling to do this work, a policy or recommendation
calling for new conveyance cannot lawfully be adopted unless and until the CEQA and public
trust doctrine analysis has been done in the BDCP process and/or the SWRCB process.

We maintain that Alternative 2 is the environmentally superior alternative that should be
adopted at this time. If, however, the Council does not do that, Alternative 2A must be adopted if
any alternative is adopted because there has not been sufficient CEQA analysis and compliance
or any cost-benefit and public trust doctrine analysis to support calling for, encouraging, or
recommending new conveyance at this time. Alternative 2A would lessen the significant
environmental impacts of the project by not calling for new conveyance and diversion of
significant quantities of freshwater upstream from the Delta.
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Alternative 2B (“Phased Reduced Exports Alternative”): Alternative 2B is also
similar to Alternative 2 in that no new conveyance would be recommended prior to a robust
CEQA, water supply and public trust docirine analysis. This Allernative, however, lowers
reduction in exports compared with Alternative 2, and/or, phases in reductions in exports over
time by phasing out exports to impaired agricultural lands that will or should eventually cease
production. This Alternative eases the practical constraints involved in reducing exports within a
reasonable amount of time, given that any new conveyance would not be projecied to be in
operation before about 2026.

Analysis of these additional Alternatives would help the Council achieve its legal
obligation to consider a reasonable range of alternatives. Thus far, the Council has failed to
develop any reasonable alternatives 10 have more conveyance to export more water. Alternative
2 was presented to the Council by the EWC. As a public agency responsible for complying with
CEQA, it is the Council that has the responsibility 1o develop a reasonable range of alternatives.
The Council should not simply reject Alternative 2 by characterizing the export reductions as
being too severe. Rather, the Council should underiake to develop an alternative that on the one
hand. like Alternative 2 does not call for new conveyance, but on the other hand, does not reduce
exports to as great a degree as is done by Alternative 2. For example, Alternative 2B could
include assessing limitations of exports to a maximum of 3,500,000 acre-feet/year which is more
than the exports under Alternative 2.

An EIR must “describe @ range of reasonable alternatives to the project, . . which would
feasibly attain most of the basic objectives of the project but would avoid or substantially lessen
any of the significant effects of the project. and evaluate the comparative merits of the
alternatives.” CEQA Guidelines, § 15126.6(a) (emphasis added). “Because an EIR must identify
ways to mitigate or avoid the significant effects that a project may have on the environment
(Public Resources Code Section 21002.1), the discussion of alternatives shall focus on
alternatives to the project or its location which are capable of avoiding or substantially lessening
any significant effects of the project, even if these alternatives would impede to some degree the
attainment of the project objectives, or would be more costly.” CEQA Guidelines, § 15126.6,
subd. (b). The Council has not described a range of reasonable alternatives to the project which
would avoid the adverse impacts of adding large new diversions of freshwater upstream from the
Delta even though these alternatives would not reduce exports as much as would be
accomplished by Alternative 2. This deficiency in the CEQA process is so profound that a new
Draft EIR describing and considering new alternatives 2A and 2B must be prepared and
circulated. Adopting the Delta Plan, Regulations, and certifying a Final EIR without doing so
would be failure to proceed in a manner required by CEQA. These are not violations that can be
cured simply by responding 1o comments in a Final EIR.



Finally, the Council may continue to make the lulling statements already made in the
subject CEQA documents claiming, so to speak, that the Council is not really doing anything
now in terms of developing new conveyance and that environmental impact analysis will take
place in the future. It appears that the Council is trying to mislead the public into believing that
the Delta Plan is not a real threat to the Delta, but that later on, the BDCP preparers will jump up
and say that the Delta Tunnels are consistent with the Delta Plan call for new conveyance and
that the threshold decision to develop new conveyance was made in the Delta Plan. Unless the
Council eliminates the call for improved, new, conveyance and the like from the Delta Plan and
Regulations, it will be necessary to challenge the Delta Plan, RDPEIR, and Regulations if
approved and adopted, in court to prevent that “not now, not ever” unlawful end run on CEQA
from being successful. Approval of any calls for new conveyance, optimizing diversions in the
wet years and the like must be deferred until CEQA has been complied with and the public trust
doctrine analysis has been performed.

Failure to Effectively Require Mitigation or Describe a Truly Environmentally Superior
Alternative under CEQA and the Endangered Species Act

As pointed out in detail in the EWC comments, the RPDEIR concedes that the Revised
Project would have significant and unavoidable environmental impacts including violation of
water quality standards and adverse effects on special status species. (RPDEIR 24-10).
Alternative 2 (and 2A and 2B), however, would result in far fewer significant and unavoidable
environmental impacts than any of the other alternatives analyzed in the PDEIR or RPEIR. The
RPDEIR concedes that “Alternative 2 contributes more to improving conditions for biological
resources and arresting ecosystem decline than the Revised Project.” ( RPDEIR 25-7).
Alternative 2 clearly meets the project objectives reducing reliance on the Delta in meeting the
state’s future water needs through regional self-reliance, is consistent with the Delta Reform Act,
is implementable in a comprehensive, concurrent, and interrelated fashion, and can be
accomplished as rapidly as realistically possible without jeopardizing ultimate success. Under
CEQA, if an alternative is presented that meets project objectives and can reduce significant
impacts to a less than significant level, the lead agency must adopt this alternative if feasible.
Mountain Lion Foundation v. Fish & Game Com. (1997) 16 Cal. 4" 105, 134. “CEQA compels
government first to identify the [significant] environmental effects of projects, and then to
mitigate those adverse effects through the imposition of feasible mitigation measures or through
the selection of feasible alternatives.” Sierra Club v. State Board of Forestry (1994) 7 Cal 4"
1215, 1233, Pub. Resources Code, § 21002. To simply accept such significant impacts while
ignoring viable alternatives violates CEQA.

The proposed mitigation measures offered by the Plan also fail to meet CEQA’s
standards. Proposed mitigation is not sufficient unless such mitigation is implemented as a
condition of future development. In its current state, there are no repercussions if subsequent
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project proponents choose to adopt some mitigation measures but not others or no mitigation
measures at all. Proposed mitigation cannot be mere suggestions, and instead must be fully
enforceable. Federation of Hillside & Canyon Assn. v. City of Los Angeles (2d Dist. 2000) 83
Cal. App.4" 1252, 1259.

The failure to require mitigation for endangered species impacts also violates the Federal
Endangered Species Act. There is no discretion under the Endangered Species Act to authorize a
project that would jeopardize survival of listed fish or adversely modify critical habitat. Cenrer
for Biolagical Diversity v. United States Burean of Land Management(Ruby Pipeline Casej, 698
F.3d 1101 (9th Cir. 2012). In the Ruby Pipeline case, the Fish and Wildlife Service’s Biological
Opinion analyzing the impacts of a natural gas pipeline incorporated voluntary conservation
actions as mitigation measures which factored into its determination that the project would not
jeopardize the continued existence of several endangered species and would not adversely affect
critical habitat. The Ninth Circuit found the Service’s determination to be arbitrary and
capricious because the conservation measures were mislabeled and unenforceable. The Ruby
Pipeline case confirms the standard that valid mitigation measures must be enforceable under the
Endangered Species Act and may not be simply voluntary suggestions.

If the Fish and Wildlife Service concludes that jeopardy or adverse modification is likely,
then any take resulting from the proposed action is subject to Section 9 liability. See Sierra Club
v. Babbirn, 65 F.3d 1502, 1505 (9"' Cir. 1995). In its discussion of section 7 of the ESA in TVA v
Hill, the Supreme Court made clear that “Congress considered and rejected language that would
have permitted an agency to weigh the preservation of species against the agency's primary
mission.” Cir. for Biological Diversity, supra, pp.1115-16, citing Sierra Club v. Marsh (1987)
816 F.2d 1376. Thus, the Council may not summarily reject alternatives and mitigation
measures that would avoid impacts to endangered species simply because the Council would
rather increase export conveyance capacity.

In addition, mitigation measures here are dependent on actions that may never come to
pass. Bond measures that have already been pulled from the ballot twice and that may never pass
are not the effective mitigation required under the Endangered Species Act. Mitigation measures
must be an integrated part of the project, so that il a measure is not implemented, re-initiation of
consultation under the Endangered Species Act is automatically triggered. Sierra Club v. Marsh
(1987) 816 F.2d 1376. The Delta Plan allows exporters to avoid all costs of the worsening
salinity intrusion in the Delta that will result from the BDCP and shifts those costs on to the
taxpayers. The problem for the Council in that regard is that mitigation must be real and assured.
In the words of the Ninth Circuit, “any risk to listed species thereby created [by the project]
‘must be borne by the project, not by the endangered species.™ Center for Biological Diversity,
698 F.3d 1101, 1115,
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The EIR Fails to Adequately Analyze the Impacts to Upstream Areas that Will Result from
the Delta Plan Policies.

The EIR does not include an analysis of how the proposed BDCP conveyance will affect
upstream reservoir operations, and how regulatory restrictions on these reservoirs will affect proposed
project operations. Such an omission frustrates the public participation goals of CEQA. The decision in
Friends of the Eel River v. Sonoma County Water Agency (2003) 108 Cal.App.4" 859, held an EIR
insufficient to comply with CEQA in analyzing cumulative impacts with respect to a proposed increase
in an agency’s withdrawal of water from the Russian River. By failing to consider possible curtailment
of water from the Eel River, the EIR failed to alert decision-makers and the public “to the possibility
that the Aghem:y will not be able to supply water to its customers in an environmentally sound way.” 108
Cal.App.4" at 871. The failure to discuss the nature of altered reservoir operations and the related
environmental impacts has frustrated the ability of public to understand the true nature of the Delta Plan,
and has resulted in a failure to develop accurate mitigation measures and a reasonable range of
alternatives.

Please call if you have any questions on our comments.

Sincerely,

E. Robert Wright
Senior Counsel
A dthro (U
Kathryn (f,‘mter

Legal Counsel
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