From: Jerry Brown [jbrown@sitesproject.org]

Sent: 6/1/20217:34:19 AM
To: Heydinger, Erin [Erin.Heydinger@hdrinc.com]
Subject: Re: Climate Change - WSIP

Thanks. Do you have amounts for the other alternatives? Please provide.

From: "Heydinger, Erin" <Erin.Heydinger@hdrinc.com>
Date: Monday, May 31, 2021 at 9:45 PM

To: lerry Brown <jbrown@sitesproject.org>

Subject: Climate Change - WSIP

Hi Jerry,

A couple of weeks ago you asked me to let you know what the climate change results were showing for WSIP. The long-
term average release numbers for 2030 are 253 TAF and for 2070 are 259 TAF. This is above the current baseline of 234
TAF. Please let me know if you want a further breakdown or any more information.

Thanks!
Erin

Erin Hoydings

Fa
Froject Manager
Waler Wastewaler

PE, PMP

& Gateway Osks Dy, #200
Sacramentn, U4 85833
£3916.679.8863 i &451.307.8758

hdrine.comifoliow-us
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Topic: Summary of NODOS Biological Resources 2021 May 26
Surveys

subject:  Qyerview and summary of the NODOS biological and botanical surveys
as they relate to the Sites Reservoir project area.

The following information has been excised and summarized from the following
documents:

e North of the Delta Offstream Storage (NODOS) Investigation Progress Report to
CALFED, July 2000

e North-Of-The-Delta Offstream Storage Investigation Final Initial Alternatives
Information Report, May 2006

e Preliminary Administrative Draft North-Of-The-Delta Offstream Storage Project
EIR/EIS. California Department of Water Resources (DWR) and U.S Department
of the Interior (DOI), Bureau of Reclamation, Mid-Pacific Region (Reclamation).
December 2013

Initial surveys were performed in the NODOS “Sites and Colusa Project Area”
from approximately 1997 to 2000, additional surveys by DWR and California
Department of Fish and Wildlife (CDFW) were performed from 2001 - 2004, then
again in 2010 to 2011 at newer proposed Project facility locations (Delevan
Pipeline and associated facilities).

Reptiles and Amphibian

Surveys for reptiles and amphibians were conducted by CDFW from August 1997
through spring 1999 in the Sites and Colusa Project areas. Amphibian and reptile
surveys included night driving, dip-netting, seining, ground searches, habitat
assessment, consultation with United States Fish and Wildlife (USFWS), and the
use of the USFWS and CDFW’s protocol guidelines for red-legged frog and
California tiger salamander surveys.

The major objectives of these surveys were to search for California red-legged
frogs, federally threatened; California tiger salamanders, candidate for federal
listing and California Stat State Species of Concern; and to conduct general
herpetology surveys. Four species listed as federal and California State Species
of Concern that could potentially occur in the Sites and Colusa Project areas—
foothill yellow-legged frogs, western pond turtles, western spadefoot toads, and
California horned lizard—were also looked for during the course of this survey.

Results

Spranza Forsythe
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A total of 2,400 hours in the spring and summer of 1998 and 1999 were spent in
the Sites and Colusa Project areas looking for reptiles and amphibians. A total
of 19 species, 5 amphibians and 14 reptiles, were found during this survey. Only
one special species targeted by these surveys was found in the Sites Project
study area, the western pond turtle. California red-legged frogs and California
tiger salamanders were not found.

Mammal Surveys

A variety of field survey methods were used by CDFW biologists in 1998 and 1999
to sample the mammal populations at the Sites Project study area. These
methods included small mammal trapping, mist netting, acoustical surveys, roost
searches, track plates, camera stations, spotlighting, general habitat
measurements and assessment, and incidental observation.

Results for Sites Project Area

No federally or state listed species were found during field surveys in the Sites
Project study area. Six mammal California State Species of Special Concern were
documented at the four project areas. Table 1 identifies those found within the
Sites Reservoir study area.

Table 1. Special Status Mammals Observed in Sites Study Area

[ Species Status
American badger SSC
Pallid bat SSC
San Joaquin pocket mouse SSC
Western red bat SSC
Source: North-Of-The-Delta Offstream Storage Investigation Final Initial Alternatives Information Report, May
2006

Avian Surveys

Avian surveys in the Sites Reservoir study area included general line transects
and focused bank swallow, yellow-billed cuckoo, and owl surveys. The most
relevant studies were confined primarily to the area of the reservoir footprint.
However, line transects extended up to 2.5 miles from the reservoir footprint
along key drainages. In addition to the surveys in the reservoir footprint, surveys
were also initiated at Funks Reservoir to document which state or federally listed
avian species would use a reservoir within low elevation grassland habitats. Sites
Reservoir data are most comprehensive, being surveyed monthly from March
1997 to at least March 2000.

Page 2 of 5
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Results for Sites Project Area

No federally or state listed species identified as potentially occurring were found
during field surveys in the Sites Project study area. Eleven avian species
classified as either California Species of Special Concern or federal Migratory
Nongame Birds of Management Concern were observed during the surveys at
Funks Reservoir and are listed in Table 2.

Table 2. Special Status Species Observed at Funks Reservoir

Species Status
American white pelican SSC (breeding only)
Common loon SSC (breeding only)
Golden eagle FP
Grasshopper sparrow SSC (breeding only)
Lawrence's goldfinch MNBMC
Loggerhead shrike SSC (breeding only)
Long-billed curlew MNBMC
Northern harrier SSC (breeding only)
Short-eared owl SSC {breeding only), MNBMC
Bald eagle SE
White-tailed kite FP
Source: North-Of-The-Delta Offstream Storage Investigation Final Initial Alternatives Information Report, May
2006.
Key
CSSC = California Species of Special Concern
MNBMC = Migratory Nongame Birds of Management Concern (USFWS)
SE = State Endangered
FP = State Fully Protected

Valley Elderberry Longhorn Beetle (VELB)

A survey of all potential reservoir sites for the VELB and its habitat was
conducted during the periods January through July 1998 and April through June
1999. Surveys focused on identifying potential habitat for VELB, the number of
elderberry stems found measuring more than one inch, and the presence of exit
holes. A total of 45 days was spent field surveying the drainages.

Page 3 of 5
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Results for Sites Project Area

Six hundred seventy-two stems were counted within the proposed Sites Project
area. Emergence holes were found on 18 individual stems. The plants within this
area tend to be individuals with multiple trunks and range from unhealthy
stressed plants to occasional large healthy individuals. The majority of plants at
this site and the riparian vegetation in general tend to be in poor condition.

Table 3. Elderberry Stems and Emergence Holes Found at Sites Reservoir

Sites Reservoir NODOS VELB 1998/99 Survey Results

Number of elderberry stem 672
Number of stems with emergence hole 18
Percentage of stems with emergence holes: 2.7

Vernal Pool Brachiopods

Surveys of potential special status shrimp habitat at the potential reservoir sites
were performed in 1998 and 1999. The 1999 surveys were conducted to verify
potential special status shrimp habitat mapped in 1998 and to survey in areas
where access was unavailable in the previous surveys because of flooded creeks,
washed-out roads, and issues with property owners.

Special status shrimp include species in the following categories:

e Shrimp listed or proposed for listing as Threatened or Endangered Species under
the federal Endangered Species Act (50 Code of Federal Regulations [CFR] 17.11
for listed animals and various Federal Register notices for proposed species).

e Other shrimp species meeting the definition of Rare, Threatened, or Endangered
Species under the California Environmental Quality Act (CEQA) Guidelines
{Section 15380).

Potential special status shrimp habitat is defined as seasonal wetlands and other
temporarily ponded areas of sufficient size (depth and area) and seasonality to
support specific vegetation. Grasslands and vernal pools characterize the
majority of the potential landcover where special status shrimp could be found
within the Sites Reservoir study area.

Results for Sites Project Area

A summary of potential special status shrimp habitat mapped in the 1998 and
1999 surveys is presented in Table 4. The majority of the areas identified as
potential habitat is degraded by cattle activity, erosion, and debris from cattle
feeding areas.

Page 4 of 5
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Table 4: Total Acreage of Potential Special Status Shrimp Habitat

[7 Survey Year [Total Extent of Potential Special Status Species
1998 73
1999 71

Plant Surveys

Focused habitat-specific surveys were conducted, using wandering transect
methodology, between February and October 1998 and 1999 and within
potential routes for conveyances, recreation areas, and road relocations for the
Sites Project area in 2000 through 2003. These months coincided with the
appropriate flowering and fruiting stages necessary for the identification of
most plant species occurring in the area, including all special-status species.

Results for Sites Project Area

No federally or state listed species identified as potentially occurring were found
in the Sites Project study area. Five species with California Rare Plant Rank
(CNPR) status were found during field surveys that were conducted within the
Primary Study Area. This status is considered for purposes of CEQA analysis.

Table 5. Rare Plant Species Found in the Sites Project Study Area

[ Species Status

Adobe lily California Rare Plant Rank {(CRPR) of 1B.2
Bent-flowered fiddleneck CRPR of 1B.2

Red-flowered bird's-foot trefoil CRPR of 1B.1

Brittlescale CRPR of 1B.2

San Joaquin spearscale CRPR of 1B.2

California Rare Plant Rank:

14 = presumed extinct in California

1B = rare, threatened, or endangered in California and elsewhere

2B = ravre, threatened, or endangered in California, but more common elsewhere

3 = more information is needed to determine whether assigning a rank is appropriate
4 = plants of limited distribution that are on a watch list

0.1 = seriously endangered in California

0.2 = fairly endangered in California

Page 5 of 5
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From: Oakes, Harry [Harry.Oakes@icf.com]

Sent: 6/1/2021 4:45:28 PM

To: Spranza, John [john.spranza@hdrinc.com]

CcC: Alicia Forsythe [aforsythe@sitesproject.org]; Briard, Monique [Monique.Briard @icf.com]; Arsenijevic, Jelica
[Jelica.Arsenijevic@hdrinc.com]; MacKay, Kevin [Kevin.MacKay@icf.com]

Subject: Re: Mitigation Cost Review

Thanks John. | think we can have every other week calls for mit plan for now. We have an internal one scheduled for
next week to coordinate with our permit lead and get our team rolling - maybe we can set up first mit call for week of
June 14th?

Sent from my iPhone

OnlJun 1, 2021, at 8:14 AM, Spranza, John <John.Spranza@hdrinc.com> wrote:

Harry this is great, and much appreciated. | agree with halving the shrubs as | think that 500 is quite high based on some
additional information from DWR surveys | found that back that up (see attached). It will also be in direct alignment with
where some of the local participants think some adjustments could be warranted. | also agree that we can remove the
WAC costs and assume that they are included in the land acquisition, which is a pretty solid assumption. Provided Ali is
good with everything | am hoping that this pretty much wraps up the task with maybe a few minor tweaks that might
heed to be made in the future.

| think we are now ready to start focusing on the mitigation plans we will need this year. Do you think continuing the
weekly Tuesday meetings is warranted or should we go every other week?

L 9186700858 & 818.6840 2487

From: Oakes, Harry <Harry.Oakes@icf.com>

Sent: Friday, May 28, 2021 10:49 AM

To: Alicia Forsythe <aforsythe@sitesproject.org>; Spranza, John <John.Spranza@hdrinc.com>; Briard, Monique
<Monique.Briard@icf.com>; Arsenijevic, Jelica <Jelica.Arsenijevic@hdrinc.com>

Subject: RE: Mitigation Cost Review

CAUTION: [EXTERNAL] This email originated from outside of the organization. Do not click links or open attachments
unless you recognize the sender and know the content is safe.

Thanks for the feedback/info, Ali & John.

Ali, | incorporated the revisions into the cost tables and provided responses to your email (in red) below. | also provided
responses to Jeff’'s comments, further below (in red)

You may recall that the 2021 aquatic cost ($46.5M) was below the 2020 VP estimate ($56M). | revised the current
aquatic mitigation cost to match the 2020 VP cost.
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The changes to aquatic costs, in addition to edits/reductions to RLF and WCA, pretty much balance out {(-$6M). So the
total mitigation cost is still in the area of $570M

John, I'll be out of town for field work next week but can work on editing the PPT as needed. | do plan to be on next TH’s
ad hoc prep call

Also, just an update that we are coordinating internally to develop the mitigation costs associated with Dunnigan and
Colusa Drain. Can | assume that we “will not” include those numbers in the ad hoc presentation?

Thanks!
Have a great weekend everyone!

Harry

From: Alicia Forsythe <aforsythe @sitesproject.org>

Sent: Tuesday, May 25, 2021 6:31 AM

To: John Spranza <John.Spranza@hdrinc.com>; Briard, Monique <Monique.Briard@icf.com>; Oakes, Harry
<Harry.Oakes@icf.com>; Arsenijevic, Jelica <Jelica.Arsenijevic@hdrinc.com>

Subject: RE: Mitigation Cost Review

Thanks John. I think we can explain the differences that Jeff notes below.
A few more comments:

1. On the Wildlife tab — we mention that total costs for CRLF aquatic mitigation current includes funks

reservoir. We should take this text out as | thought we took this out of the cost estimate. Complets. Aguatic acreage
reduced to 287 acres, cost reduced by approx. 12M

2. On the wildlife tab — | think we should double check the notes for swainsons hawk. There is costs for nesting
habitat, but the note doesn’t seem to correspond. Note removed

3. Under Wild-1.16 — lets delete the 1 in the acre box as | think we removed this, but this 1 just hanging out there
might be a little confusing. Number removed

4, Wild-1.21 — Let change box to say — No additional costs associated with this mitigation measure. Vegetation
removal costs covered under Construction phase. Note revised

5. Ag — WAC contracts rescinded — | think these costs would be covered under our land acquisition costs. We
would not leave landowners with a tax bill due to the change in ownership. | feel like these can be removed, but maybe
we should talk to make sure | understand what these costs are for. | concur that they could be removed. Could ali of
the costs on these tabs be considered land acquisition costs? If so, it would zero-cut all the Ag Land costs

6. Cultural sheet — | think we should just walk though this one more time to make sure we are not missing anything
that should be costed out here. OK

Thanks!

Ali
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Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsythe@sitesproject.org | www.SitesProject.org

CONFIDENTIALITY NOTICE: This communication with its contents may contain confidential and/or lagally privilegad information. it is solely for
tha use of the intendad recipient{s). Unauthorized interception, raview, use or disclo s prohibited and may viclate applicabis laws
including the Elactronic Communications Privacy Act. If you are not the intended recipient, please contact the sender and destroy all copias of
the communication.

From: Spranza, John <ighn. Spranza@hdrinc.com>

Sent: Monday, May 24, 2021 1:57 PM

To: Alicia Forsythe <afgraythe@isitesproject. org>; Monique Briard (monigus. brisrd@icl.com)

<monigue. brisrd®@icl.com>; Oakes, Harry <Harry.Oakes@icf com>; Arsenijevic, Jelica <jelica Arseniievic@hdrinc.com>
Subject: FW: Mitigation Cost Review

| asked Jeff H to take a look at the mitigation sheet and he has provided a few comments. | think we have good rational
behind all of the assumptions that he has hit on, but its nice to get a different perspective. Please let me know if you see
any comments that we should address further.

Thanks.

From: Herrin, Jeff <jeff herrin®ascom.com>
Sent: Monday, May 24, 2021 10:59 AM

To: Spranza, John <johi.Spranza@hdrinc.com>
Cc: Luy, Henry <Henry. Luu@hdrinc.com>
Subject: FW: Mitigation Cost Review

CAUTION: [EXTERNAL] This emall originated from outside of the organization. Do not click links or open attachments
unless you recognize the sender and know the content is safe.

John,
My comments are as follows:

e The cost per acre for annual grassland mitigation banking is about exactly double the cost that we used. Maybe
the cost for the mitigation bank is double. Your cost may be for irrigated grassland. If we can use unirrigated rangeland,
that should suffice to mitigate for the valley inundated by Sites and | believe it may be less expensive. Irrigation is a
pretty big cost driver. | don’t think we want to use a mitigation bank with irrigation if it can be avoided. We used 2 costs
for annual grassland mitigation. 52,000/ac for rangeland {11,690 acres). The remainder was assumed tobeon a
mitigation bank to account for stacking of habitat credits for species. We selected 14,500 acres required which roughly
equates to what would be required for Swainson’s hawk upland.

® I'm not sure if the stream mitigation includes Funks and Stone Corral Creeks. We are spending a lot of money to
put in pipelines and to maintain flows in the creeks prior to construction that would interrupt flow to Funks and Stone
Corral Creeks. Maybe you are mitigating a different creek, but the cost seems high for these two creeks. Our stream
mitigation costs assumes is assumed to be the same as the per acre cost for other wetland types. Since we aren’t sure
we can create stream streams or get enough LF at a bank it may need to be out-of-kind.

® The mitigation cost for blue oak woodlands/oak savannah is also a much higher per acre than we were using
(about 6 times our cost). Suggest you check the cost per acre (535,000/acre may generate some questions). Qur cost
assumes oak mitigation at a bank.
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® Here is what we had on elderberry previously: We assumed up to 500 shrubs impacted, which admittedly is
probably high. We can reduce the number of assumed shrubs affected. Total cost for the 500 shrubs is $2.75M, we
could reduce that by half?

There are two elderberry shrubs located within the potential construction disturbance area for Sites Reservoir and Dams that could
be completely avoided by establishing and maintaining a 100-foot-wide or wider buffer around them. Construction crews shall be
briefed regarding the need to avoid these plants, and signs shall be posted during construction to avoid the buffer area. After Project
construction is complete, this area would not be affected by Project operation or maintenance.

The elderberry shrub immediately adjacent to the footprint of the Delevan Pipeline Intake/Discharge Facility is located on the edge of
an irrigation canal that is situated along an existing access road. Because of its proximity to the road, it would not be possible to
establish a 100-foot-wide buffer. It would also not be possible to establish a 100-foot-wide buffer for the shrubs located immediately
adjacent to the existing Maxwell Sites Road. Consultation with USFWS would be initiated for possible approval to encroach on the
buffer. Otherwise, appropriate mitigation measures shall be implemented.

The elderberry shrubs within the footprint of Sites Reservoir, Sites Dam, and Golden Gate Dam, as well as the one shrub within the
footprint of the Delevan Pipeline Intake/Discharge Facility, would not be avoided by Project construction, and therefore, shall be
transplanted or replaced, depending on the likelihood of survival post-transplantation. Transplantation procedures shall comply with
USFWS’s 1999 Conservation Guidelines for the Elderberry Longhorn Beetle (USFWS, 1999). If transplantation is not feasible, USFWS
general guidelines require replacement of elderberry plants in designated mitigation areas. Eiderberry plants are typically replaced at
a ratio of 2:1 for stems greater than one inch in diameter at ground level with no adult emergence holes, 3:1 for stems where
emergence holes are documented in less than 50 percent of the shrubs, and 5:1 for stems greater than one inch in diameter with
emergence holes.

Mitigation measures already required for the loss of riparian habitat pursuant to the mitigation for loss of wildlife habitat types
described above could potentially compensate for the native planting requirement for elderberry plant mitigation.

® Red-legged Frog is a much bigger issue now than it was when the prior estimate was put together due to USFW
focus. It is a pretty significant contributor to cost growth. Comment noted
® We have a pretty significant difference on Williamson Act associated costs. We had assumed that contracts

could be rescinded for many acres. The current estimate did not take this approach. The delta is about $26M. Comment
noted. We removed the tax costs for rescinded acres which saved approx. $7M. Per my response to All, could all ag land
costs be removed and covered under real estate costs?

e Henry mentioned this was a 2019 cost estimate. Given the cost per acre, you may want to consider making it
2020 or 2021. Comment noted,

Jeff Herrin
Water Resources Planner, Water Business Unit, Sacramento, CA
D +1-916-679-2084 IPT 264-679-2084

M +1-916-432-0956

AECOM

2020 L Street

Suite 400

Sacramento, CA 95811, United States
T +1-916-414-5800

Built to deliver a better world

From: Spranza, John <iohn.Spranza@hdrinc.com>
Sent: Friday, May 21, 2021 10:27 AM

To: Herrin, Jeff <ieff herrin@Bascom.coms
Subject: [EXTERNAL] Mitigation Cost Review

Hi Jeff,
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Could you take a look at the attached mitigation cost estimate and get back to me with comments on items you see as
potential issues? We're looking to finalize it the first week in June so if you could get those over to me by the end of
next week | would appreciate it.

Let me know if you can’t squeeze this in or if you have any questions.

J Regulatory Specialist

2378 Gatewsy Cake Drive, Suite 300
Hacramenic, CA 85833

D016 8708858 M 218.840.2487
jchn.spranza@hdrinc.com

<Summay of NODOS Surveys In Sites Reservoir  20210526.docx>
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From: Spranza, John [John.Spranza@hdrinc.com]

Sent: 6/2/2021 1:48:10 PM

To: Alicia Forsythe [aforsythe@sitesproject.org]; Oakes, Harry [Harry.Oakes@icf.com]

CcC: Briard, Monigue [Monique.Briard@icf.com]; Arsenijevic, Jelica [Jelica.Arsenijevic@hdrinc.com]; MacKay, Kevin
[Kevin.MacKay@icf.com]

Subject: RE: Mitigation Cost Review

Attachments: SitesReservoir_MitigationCostEstimate__Final Draft_06022021.xIsx

Okay, all the changes are made and the winner is $562,477,300.0

Harry, if you have not done so already can you please upload all of your reference material and admin record related
documents and QA/QC form to the Sharepoint site when you have time? Here is the link:

Bt {sitesresarvolroralect sharencint.com/ U e /envpermitting/ \Waorking%2 0Documents/ 7 2620k itizalion% 2 0and%20
AMPPest=1 Bwebs1&e=mtCMOs

From: Alicia Forsythe <aforsythe@sitesproject.org>

Sent: Tuesday, June 1, 2021 5:09 PM

To: Oakes, Harry <Harry.Oakes@icf.com>; Spranza, John <John.Spranza@hdrinc.com>

Cc¢: Briard, Monique <Monique.Briard@icf.com>; Arsenijevic, Jelica <Jelica.Arsenijevic@hdrinc.com>; MacKay, Kevin
<Kevin.MacKay@icf.com>

Subject: RE: Mitigation Cost Review

CAUTHERN [EXTERNAL] This email originated from outside of the organization. Do not click links or open attachments
unless you recognize the sender and know the content is safe.

Hi all — I just had a chance to look at all of this. | don’t think we can remove all ag costs. We will have to mitigate for the
loss of ag lands. That might stack with our grassland mitigation, but | am just not sure that | am comfortable with that
right now as this ag land mitigation might need to be in the county that the impact occurred in and we only have 11,690
acres of easement (14,500 acres of grasslands is assumed mitigation bank), which is less than the ag land

impact. Anyway, | am not confident that we will be able to stack these together and thus not comfortable that we take
out all ag land mitigation costs. While these are land costs, the land acquisition costs only cover those costs to buy land
to build the project (and any costs associate with that transaction to the landowner). So these mitigation costs are not
covered in the land acquisition costs. Plus, small amount of this ag land might end up being permanent crops, which the
cost is wayyyyy higher.

| do think we can take out the $2.4 for remnant parcels in Glenn County and the $3.87 for remnant parcels in Colusa
County. These are costs that | think we would take on in land acquisition — meaning we wouldn’t leave the landowner
with remnant parcels that got bumped out of WAC and cost them money without compensating them for this cost as
part of the land acquisition purchase. So | think this would be an effect/change that we would compensate the
landowner for in the normal course of purchasing property for the project and will be addressed in our land acquisition
costs.

Draft_0009750



| am good with dropping the elderberry to 250 bushes if you think that is warranted. With these two changes, | think
this bring us to $563,852,300.

Ali

Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsythe@sitesproject.org | www.SitesProject.org

CONFIDENTIALITY NOTICE: This communication with its contents may contain confidential and/or lfegally privilegad informaticn. it is solely for
the use of the intended recipieni{s). Unautharized interception, review, use or disclosure is prohibited and may viclate applicabis laws
inchuding the Elactronic Communications Privacy Act. If you are not the intended recipiant, please contact the sander and dastroy zll copies of
the communication.

From: Oakes, Harry <Harry.Oakes@icf.com>

Sent: Tuesday, June 1, 2021 4:45 PM

To: Spranza, John <john.spranza@hdrinc.com>

Cc: Alicia Forsythe <aforsythe @sitesproject.org>; Briard, Monique <Monique.Briard@icf.com>; Arsenijevic, Jelica
<Jelica.Arsenijevic@hdrinc.com>; MacKay, Kevin <Kevin.MacKay®@icf.com>

Subject: Re: Mitigation Cost Review

Thanks John. | think we can have every other week calls for mit plan for now. We have an internal one scheduled for

next week to coordinate with our permit lead and get our team rolling - maybe we can set up first mit call for week of
June 14th?

Sent from my iPhone

OnJun 1, 2021, at 8:14 AM, Spranza, John <ichn. Spranza@hdring coms> wrote:

Harry this is great, and much appreciated. | agree with halving the shrubs as | think that 500 is quite high based on some
additional information from DWR surveys | found that back that up (see attached). It will also be in direct alignment with
where some of the local participants think some adjustments could be warranted. | also agree that we can remove the
WAC costs and assume that they are included in the land acquisition, which is a pretty solid assumption. Provided Ali is
good with everything | am hoping that this pretty much wraps up the task with maybe a few minor tweaks that might
need to be made in the future.

| think we are now ready to start focusing on the mitigation plans we will need this year. Do you think continuing the
weekly Tuesday meetings is warranted or should we go every other week?

From: Oakes, Harry <Harry. Qakes@ich.oom>

Sent: Friday, May 28, 2021 10:49 AM

To: Alicia Forsythe <aforsythe@sitesprolect.org>; Spranza, John <John Soranza@hdring.com>; Briard, Monique
<Monigue. Briard@ict.com>; Arsenijevic, Jelica <lslica. Arseniievic@hdrinc.com>

Subject: RE: Mitigation Cost Review

CAUTION: [EXTERNAL] This email originated from outside of the organization. Do not click links or open attachments
unless you recognize the sender and know the conient is safe.
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Thanks for the feedback/info, Ali & John.

Ali, I incorporated the revisions into the cost tables and provided responses to your email (in red) below. 1 also provided
responses to Jeff's comments, further below (in red)

You may recall that the 2021 aquatic cost ($46.5M) was below the 2020 VP estimate ($56M). | revised the current
aquatic mitigation cost to match the 2020 VP cost.

The changes to aquatic costs, in addition to edits/reductions to RLF and WCA, pretty much balance out (-56M). So the
total mitigation cost is still in the area of S$570M

John, I'll be out of town for field work next week but can work on editing the PPT as needed. | do plan to be on next TH’s
ad hoc prep call

Also, just an update that we are coordinating internally to develop the mitigation costs associated with Dunnigan and
Colusa Drain. Can | assume that we “will not” include those numbers in the ad hoc presentation?

Thanks!
Have a great weekend everyone!

Harry

From: Alicia Forsythe <aforsythe@sitssprojedt org>

Sent: Tuesday, May 25, 2021 6:31 AM

To: John Spranza <john. Spranza@hdrinc.com>; Briard, Monique <Monigue. Briard@icf com>; Oakes, Harry
<Harry. Oakes@icf com>; Arsenijevic, Jelica <iglica. Arseniievic@hdrinc.com>

Subject: RE: Mitigation Cost Review

Thanks John. | think we can explain the differences that Jeff notes below.
A few more comments:

1. On the Wildlife tab — we mention that total costs for CRLF aquatic mitigation current includes funks

reservoir. We should take this text out as | thought we took this out of the cost estimate. Complets. Aguatic acreage
reduced to 287 acres, cost reduced by approx. 12M

2. On the wildlife tab — I think we should double check the notes for swainsons hawk. There is costs for nesting
habitat, but the note doesn’t seem to correspond. Note removed

3. Under Wild-1.16 — lets delete the 1 in the acre box as | think we removed this, but this 1 just hanging out there
might be a little confusing. Number removed

4, Wild-1.21 — Let change box to say — No additional costs associated with this mitigation measure. Vegetation
removal costs covered under Construction phase. Note revised

5. Ag — WAC contracts rescinded — | think these costs would be covered under our land acquisition costs. We
would not leave landowners with a tax bill due to the change in ownership. | feel like these can be removed, but maybe
we should talk to make sure | understand what these costs are for. | concur that they could be removed. Could all of
the costs on these tabs be considered land acquisition costs? If so, it would zero-out all the Ag Land costs
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6. Cultural sheet — | think we should just walk though this one more time to make sure we are not missing anything

that should be costed out here. GK

Thanks!

Ali

Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsythe@sitesproject.org | www.SitesProject.org

CONFIDENTIALITY NOTICE: This communication with its contents may contain confidential and/or fegally privileged information. it is solely for
the use of the intended recipient{s). Unauthorized interception, review, use or disclosure is prohibited and may visiate applicabie laws
including the Elactronic Communications Privacy Act. If you are not the intendad recipient, pleass contact the sander and destroy all conies of
the communication.

From: Spranza, John <ighn.Spranza@hdrinc.com>

Sent: Monday, May 24, 2021 1:57 PM

To: Alicia Forsythe <aforsvihe@sitesproject.org>; Monique Briard (monigus. brizrd®iclf.com)
<monigue brisrd ®@icl.com>; Oakes, Harry <Harry. Oakes@icf.com>; Arsenijevic, Jelica <lelica Arseniievic@hdrinc.com>
Subject: FW: Mitigation Cost Review

| asked Jeff H to take a look at the mitigation sheet and he has provided a few comments. | think we have good rational
behind all of the assumptions that he has hit on, but its nice to get a different perspective. Please let me know if you see
any comments that we should address further.

Thanks.

From: Herrin, Jeff <jeff herrin@ascom.com>
Sent: Monday, May 24, 2021 10:59 AM

To: Spranza, John <jghn.Spranza@hdrinc.com>
Cc: Luy, Henry <Henry Luu@hdrine.com>
Subject: FW: Mitigation Cost Review

CAUTION: [EXTERNAL] This email originated from outside of the organization. Do not click links or open attachments
unless you recognize the sender and know the content is safe.

John,
My comments are as follows:

° The cost per acre for annual grassland mitigation banking is about exactly double the cost that we used. Maybe
the cost for the mitigation bank is double. Your cost may be for irrigated grassland. If we can use unirrigated rangeland,
that should suffice to mitigate for the valley inundated by Sites and | believe it may be less expensive. Irrigation is a
pretty big cost driver. | don’t think we want to use a mitigation bank with irrigation if it can be avoided. We used 2 costs
for annual grassland mitigation. 52,000/ac for rangeland {11,690 acres). The remainder was assumed tobeon a
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mitigation bank to account for stacking of habitat credits for species. We selected 14,500 acres required which roughly
equates to what would be required for Swainson’s hawk upland.

e I'm not sure if the stream mitigation includes Funks and Stone Corral Creeks. We are spending a lot of money to
put in pipelines and to maintain flows in the creeks prior to construction that would interrupt flow to Funks and Stone
Corral Creeks. Maybe you are mitigating a different creek, but the cost seems high for these two creeks. Qur stream
mitigation costs assumes is assumed to be the same as the per acre cost for other wetland types. Since we aren’t sure
we can create stream streams or get enough LF at a bank it may need to be out-of-kind.

e The mitigation cost for blue oak woodlands/oak savannah is also a much higher per acre than we were using
(about 6 times our cost). Suggest you check the cost per acre (535,000/acre may generate some questions). Qur cost
assumes oak mitigation at a bank.

° Here is what we had on elderberry previously: We assumed up to 500 shrubs impacted, which admittediy is
probably high. We can reduce the number of assumed shrubs affected. Total cost for the 500 shrubs is $2.75M, we
could reduce that by half?

There are two elderberry shrubs located within the potential construction disturbance area for Sites Reservoir and Dams that could
be completely avoided by establishing and maintaining a 100-foot-wide or wider buffer around them. Construction crews shall be
briefed regarding the need to avoid these plants, and signs shall be posted during construction to avoid the buffer area. After Project
construction is complete, this area would not be affected by Project operation or maintenance.

The elderberry shrub immediately adjacent to the footprint of the Delevan Pipeline Intake/Discharge Facility is located on the edge of
an irrigation canal that is situated along an existing access road. Because of its proximity to the road, it would not be possible to
establish a 100-foot-wide buffer. It would also not be possible to establish a 100-foot-wide buffer for the shrubs located immediately
adjacent to the existing Maxwell Sites Road. Consultation with USFWS would be initiated for possible approval to encroach on the
buffer. Otherwise, appropriate mitigation measures shall be implemented.

The elderberry shrubs within the footprint of Sites Reservoir, Sites Dam, and Golden Gate Dam, as well as the one shrub within the
footprint of the Delevan Pipeline Intake/Discharge Facility, would not be avoided by Project construction, and therefore, shall be
transplanted or replaced, depending on the likelihood of survival post-transplantation. Transplantation procedures shall comply with
USFWS’s 1999 Conservation Guidelines for the Elderberry Longhorn Beetle (USFWS, 1999). If transplantation is not feasible, USFWS
general guidelines require replacement of elderberry plants in designated mitigation areas. Elderberry plants are typically replaced at
a ratio of 2:1 for stems greater than one inch in diameter at ground level with no adult emergence holes, 3:1 for stems where
emergence holes are documented in less than 50 percent of the shrubs, and 5:1 for stems greater than one inch in diameter with
emergence holes.

Mitigation measures already required for the loss of riparian habitat pursuant to the mitigation for loss of wildlife habitat types
described above could potentially compensate for the native planting requirement for elderberry plant mitigation.

® Red-legged Frog is a much bigger issue now than it was when the prior estimate was put together due to USFW
focus. It is a pretty significant contributor to cost growth. Comment noted
® We have a pretty significant difference on Williamson Act associated costs. We had assumed that contracts

could be rescinded for many acres. The current estimate did not take this approach. The delta is about $26M. Comment
noted. We removed the tax costs for rescinded acres which saved approx. $7M. Per my response to All, could all ag land
costs be removed and covered under real estate costs?

° Henry mentioned this was a 2019 cost estimate. Given the cost per acre, you may want to consider making it
2020 or 2021. Comment noted.

Jeff Herrin
Water Resources Planner, Water Business Unit, Sacramento, CA
D +1-916-679-2084 IPT 264-679-2084

M +1-916-432-0956

AECOM

2020 L Street

Suite 400

Sacramento, CA 95811, United States
T +1-916-414-5800

Built to deliver a better world
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From: Spranza, John <lghn. Spranza@hdrinc.com>
Sent: Friday, May 21, 2021 10:27 AM

To: Herrin, Jeff <igff.herrin@ascom.com>
Subject: [EXTERNAL] Mitigation Cost Review

Hi Jeff,

Could you take a look at the attached mitigation cost estimate and get back to me with comments on items you see as
potential issues? We're looking to finalize it the first week in June so if you could get those over to me by the end of

next week | would appreciate it.

Let me know if you can’t squeeze this in or if you have any questions.

Thanks
John

Sofun Saes

Ex
Benior Eoclogist

&
g

DR

370 Gateway Oaks Drive, Sulte 200
RQacramento, CA 85833
john.spranza@hdrinc.com

hidrine.comfioliow-us
hdrinc.conioliow-us

<Summay of NODOS Surveys In Sites Reservoir_ 20210526.docx>
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From: Leaf, Rob/SAC [Rob.Leaf@jacobs.com]

Sent: 6/2/2021 1:59:11 PM

To: Heydinger, Erin [erin.heydinger@hdrinc.com]

CcC: steve.micko@jacobs.com; Thayer, Reed/SAC [Reed.Thayer@jacobs.com]; Alicia Forsythe
[aforsythe @sitesproject.org]

Subject: RE: CBD Operations

Attachments: SitesMetrics_rev20_ScenCharts_5scn__ ALT1B_ 011221 SA_limitDunn_CBD_30p_50p_80p_and_woDunn
TABLES. pdf;
SitesMetrics_rev20_ScenCharts_Sscn__ ALT1B_011221_SA_limitDunn_CBD_30p_50p_80p_and_woDunn -
CHARTS.pdf

Erin,

Please see the attached for preliminary Sites Metrics results of the following sensitivity analyses of Alternative 1B:
- Dunnigan pipeline limited to 30% Dry values

- Dunnigan pipeline limited to 50% Dry values

- Dunnigan pipeline limited to 80% Dry values

- Without Dunnigan pipeline

We will be developing trend reporting and release analysis spreadsheets to look more specifically at results.

Rob

From: Leaf, Rob/SAC

Sent: Wednesday, May 12, 2021 12:1S3 PM

To: Heydinger, Erin <Erin.Heydinger@hdrinc.com>

Cc: Micko, Steve/SAC <Steve.Micko@jacobs.com>; Thayer, Reed/SAC <Reed.Thayer@jacobs.com>
Subject: RE: CBD Operations

Erin,

The two charts below are taken from the latest analysis by Kyle Winslow re CBD capacity constraints (4/15/21).
Source document: CBD_HydModel _Prelim_Results_0408021 v3_phr_nb.pdf pages 22 & 24

Due to the lack of data at the CalSim Il scenario period of record (1922 — 2003) and similarity of variability across BN, D &
C conditions,
I am recommending that we first do a probabilistic approach to testing sensitivity of Dunnigan pipeline constraints.

For example, using the Dry years probability table shown below, do sensitivity analysis CalSim 1l runs limiting Dunnigan

pipeline to the following chart.
Run 50%, 80% and 30% at least (see attached spreadsheet for data)
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Dunnigan Pipsline Lirmdt {1000 ofs imit)

By testing these scenarios, we can see at what probability level the Sites Project performance begins to deteriorate and
we can see how the conveyance operations adapt through the range.

Other considerations:

- Use a probability table that includes all BD, D and C years evaluated by Winslow

- Can TCC be reoperated to exchange water back to the river to avoid deterioration of project performance (this is
not currently used for other than CVP Op Flex)?

- What if Dunnigan was extended to KLRC so as to convey Yolo Bypass water without affecting drain flows
{August-October)?

- What if Dunnigan was only designed to provide flow to Yolo Bypass and not flow to the river?

Rob

CBD_HydModel Prelim_Results 0408021 v3_phr_nb.pdf page 22:
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CBD_HydModel Prelim_Results 0408021 v3_phr_nb.pdf page 24:
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From: Heydinger, Erin <Erin. Heydinger@hdrinc.com>
Sent: Monday, May 3, 2021 2:22 PM

To: Leaf, Rob/SAC <Rob.Leaf@iacobs.com>

Cc: Micko, Steve/SAC <Stave Mickn@iacobs.com>
Subject: [EXTERNAL] CBD Operations

Hi Rob,

Following up on our call earlier on CBD — it sounded like you had some ideas for running a sensitivity level analysis of
options to see what we might be able to shift around to accommodate drain restrictions. | think the team is hoping to
have a high-level evaluation done near the end of the week to be able to report on it at the next Ops & Engineering WG
meeting (Wednesday 5/12). What are your thoughts on how we address this and is it something that would be quick to
run over the next 4-5 days?

Erin

wyy PE, PMP

HDR
2378 Gateway OCaks

O, #200
Sacraments, CA 88833
{3 916.679.8863 i &31.307.875

hddrine.comfoliow-us
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CVP/SWP Deliveries Table

Deliveries (TAF/year) ALT 1B 011221 ALT 1B 011221 SA GBD Cap 30% Dry| ALT 1B 011221 SA CBD Cap 50% Dry | ALT 1B 011221 SA CBD Cap 80% Dry| AT 1B °11zgi1p‘:’|'i\n‘;"/° Dunnigan
{change from No Project Alternative conditions)® Average | Dry and Critical Average | Dry and Critical Average | Dry and Critical Average I Dry and Critical Average I Dry and Critical
1.5 MAF Reservoir 1.5 MAF Reservoir 1.5 MAF Reservoir 1.5 MAF Reservoir 1.5 MAF Reservoir
Dunnigan Pipeline (outlet to CBD) Dunnigan Pipeline (outlet to CBD) Dunnigan Pipeline (outlet to CBD) Dunnigan Pipeline (outlet to CBD) Dunnigan Pipeline (outlet to CBD)
Historic Climate Historic Climate Historic Climate Historic Climate Historic Climate
CVP Deliveries 11 29 7 20 8 23 7 21 11 30
NOD Ag 0 5 0 3 -1 3 0 4 3 9
NOD M&l 0 0 0 4] 0 0 ] 1 2
SOD Ag 10 24 7 17 9 19 6 17 7 20
SOD M&l 1 0 0 0 0 0 1 ] 0 0
Subtotal - CVP Operational Flexibility (Diff from Alt A1 CVP values) 8 19 4 10 6 I 13 4 1 8 20
CVP Refuge Water Supply 1 2 1 2 1 2 2 2 2 3
NOD (Level 2} 1 2 1 2 1 2 2 2 2 3
SOD (Level 2) 0 0 ] 0 0 0 0 0 0 0
SWP Deliveries -2 0 -2 -1 4 1 5 6 -2 -12
SWP SOD Ag (Table A} 0 1 0 0 0 1 0 1 -1 -5
SWP SOD M&l (Table A) -1 1 -1 0 -2 -1 -2 0 -4 -9
SWP SOD Interruptible (Article 21) -1 - -1 -1 6 1 7 5 4 1
Total change in CVP/SWP Deliveries with CVP Operational Flexibility 10 31 6 21 14 25 13 30 11 21
Total change in CVP/SWP Deliveries without CVP Operational Flexibility 2 12 2 11 8 13 9 18 3 1

Notes:

# Values shown are the net change between the Project Alternative and Neo Project Alternative

Resuilts are dependent on storage allocations (see storage allocation table)
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Authority Deliveries Table

Deliveries (TAF/year) ALT 1B 011221 ALT 1B 011221 SA CBD Gap 30% Dry| ALT 1B 011221 SA CBD Cap 50% Dry | ALT 1B 011221 SA CBD Cap 80% Dry| ~-1 1B °"2§:p:|‘i\n‘;‘”° Dunnigan
(change from No Project Alternative conditions)® Average | Dry and Critical Average | Dry and Critical Average | Dry and Critical Average | Dry and Critical Average | Dry and Critical
1.5 MAF Reservoir 1.5 MAF Reservoir 1.5 MAF Reservoir 1.5 MAF Reservoir 1.5 MAF Reservoir
Dunnigan Pipeline (outlet to CBD) Dunnigan Pipeline (outlet to CBD) Dunnigan Pipeline (outlet to CBD) Dunnigan Pipeline (outlet to CBD) Dunnigan Pipeline (outlet to CBD)
Historic Climate Historic Climate Historic Climate Historic Climate Historic Climate
Authority PWA Deliveries 119 286 121 286 121 285 109 252 93 216
NOD 29 60 29 60 29 61 29 61 30 62
SOD N 226 91 226 92 224 79 192 64 154
CVF Operational Flexibility 8 19 2 10 6 7 3 A Iy 3 20
Sub-Total Supplemental Deliveries for Water Supply 127 305 125 285 127 298 112 264 101 236
Refuge Water Supply 20 34 20 33 20 33 21 36 22 36
NOD (Level 4) 5 6 5 6 5 6 5 7 5 7
SOD (Level 4) 15 27 15 27 15 27 16 29 17 29
Yolo Bypass Habitat Water Supply 36 21 36 20 32 15 16 11 0 0
Total Authority Deliveries 184 359 182 349 179 345 150 310 123 272
Percentage of Total Authority Deliveries
Authority PWA Deliveries - North of Delta 16% 17% 16% 17% 16% 18% 19% 20% 24% 23%
Authority PWA Deliveries - South of Delta 49% 63% 50% 65% 51% 65% 53% 62% 52% 57%
CVP Deliveries - Operational Flexibility 4% 5% 2% 3% 3% 4% 3% 4% 6% 7%
Refuge Water Supply 11% 9% 11% 10% 11% 10% 14% 11% 18% 13%
Yolo Bypass Habitat Water Supply 20% 6% 20% 6% 18% 4% 11% 4% 0% 0%
| Consideration of Incidental Change to CVP and SWP Deliveries
|Incidemal Change to CVP and 8WP Deliveries without CVP Operational Flexibility 2 12 2 11 8 13 9 18 3 1
|Tota| Authority, CVP and SWP Deliveries 186 371 183 360 187 358 159 329 126 273
|Incrementai Change as a Percentage of Total Authority Deliveres 1% 3% 1% 3% 5% 4% 6% 6% 2% 0%
|Incremental Change as a Percentage of Total Authority, CVP and SWP Deliveres 1% 3% 1% 3% 4% 4% 6% 6% 2% 0%

Notes:

? Values shown are the net change between the Project Alternative and No Project Alternative

Results are dependent on storage aflocations (see storage alfocation table)
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Storage Table

Storage Increases (TAF)

(above No Project Alternative conditions) ®

ALT 1B 011221

ALT 1B 011221 SA CBD Cap 30% Dry

ALT 1B 011221 SA CBD Cap 50% Dry

ALT 1B 011221 SA CBD Cap 80% Dry

ALT 1B 011221 SA wio Dunnigan
Pipeline

Average | Dry and Critical

Average | Dry and Critical

Average | Dry and Critical

Average I Dry and Critical

Average I Dry and Critical

1.5 MAF Reservoir
Dunnigan Pipeline (outlet to CBD)
Historic Climate

1.5 MAF Reservoir
Dunnigan Pipeline (outlet to CBD)
Historic Climate

1.5 MAF Reservoir
Dunnigan Pipeline (outlet to CBD)
Historic Climate

1.5 MAF Reservoir
Dunnigan Pipeline (outlet to CBED)
Historic Climate

1.5 MAF Reservoir
Dunnigan Pipeline (outlet to CBD)
Historic Climate

Additional end-of-September storage 50 72 52 79 52 79 55 75 47 51
Trinity 0 0 0 0 0 0 0 0 ] 0
Shasta 28 39 31 47 32 49 36 52 36 49

CVP Storage 25 31 28 39 29 41 33 45 35 45
Subtotal - CVP OpFlex Storage (Diff from Alt A1 CVP values) 18 21 21 28 22 ] 31 26 35 28 35
Storage exchanged from Sites 3 g 3 8 3 9 2 7 1 4
Croville 12 21 12 19 10 16 10 1 -8
SWP Storage -6 -16 -5 -14 -5 -13 -5 -12 -6 -16
Sites Delta Participants Storage 17 36 17 33 15 29 13 22 7 7
Folsom 9 12 9 13 10 13 11 14 1" 11
Subtotal - CVP OpFlex Storage (Diff from Alt A1 CVP values) 6 7 € B 6 l 8 7 8 7 6
Percentage of Total Additional End-of-September Storage

Portion of total additional end-of-September storage
Trinity 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
Shasta 57% 55% 59% 59% 62% 62% 65% 69% 7% 95%
Oroville 24% 29% 22% 24% 20% 21% 15% 13% 1% -17%
Folsom 19% 16% 18% 17% 19% 17% 19% 18% 22% 22%
Notes:

? Values shown are the net change between the Project Alternative and No Project Alternative
Resuits are dependent on storage allocations (see storage allocation table)
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Sites Releases Table

Releases {(TAF/year)

ALT 1B 011221

ALT 1B 011221 SA CBD Cap 30% Dry

ALT 1B 011221 SA CBD Cap 50% Dry

ALT 1B 011221 SA CBD Cap 80% Dry

ALT 1B 011221 SA w/o Dunnigan

Pipeline

Avera

ge | Dry and Critical

Average I Dry and Critical

Average | Dry and Critical

Average | Dry and Critical

Average

| Dry and Critical

1.5 MAF Reservoir

Dunnigan Pipeline (outlet to CBD)

Historic Climate

1.5 MAF Reservoir
Dunnigan Pipeline (outlet to CBD)
Historic Climate

1.5 MAF Reservoir
Dunnigan Pipeline (outlet to CBD)
Historic Climate

1.5 MAF Reservoir
Dunnigan Pipeline (outlet to CBD)
Historic Climate

Dunnigan Pipeline (outlet to CBD)

1.5 MAF Reservoir

Historic Climate

Releases for Authority PWA Deliveries - North of Delta 29 60 29 60 29 61 29 61 30 62
Assumed transfer from North of Delta to South of Delta 6 6 6 6 6 6 6 6 6 6
Releases for Authority PWA Deliveries - South of Delta 105 250 103 245 97 235 80 194 60 150
Releases for CVP Deliveries - Operational Flexibility 28 26 28 27 27 26 27 31 29 31
Releases for Refuge Water Supply 24 38 24 37 24 38 25 40 28 44
Releases for Yolo Bypass Habitat Water Supply 41 24 42 24 37 17 19 13 0 0
Total Releases 234 404 232 400 220 383 186 345 152 292
Percentage of Total Releases from Sites
Releases for Authority PWA Deliveries - North of Delta 12% 15% 13% 15% 13% 16% 16% 18% 19% 21%
Assumed transfer from North of Delta to South of Delta 3% 2% 3% 2% 3% 2% 3% 2% 4% 2%
Releases for Authority PWA Deliveries - South of Delta 45% 62% 44% 61% 44% 61% 43% 56% 39% 51%
Releases for CVP Deliveries - Operational Flexibility 12% 7% 12% 7% 12% 7% 15% 9% 19% 10%
Releases for Refuge Water Supply 10% 9% 10% 9% 11% 10% 14% 12% 18% 15%
Releases for Yolo Bypass Habitat Water Supply 18% 6% 18% 6% 17% 4% 10% 4% 0% 0%

Notes:
Results are dependent on storage allocations (see storage allocation table)
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Sites Fills Table

Fills (TAF/year)

ALT 1B 011221

ALT 1B 011221 SA CBD Cap 30% Dry

ALT 1B 011221 SA CBD Cap 50% Dry

ALT 1B 011221 SA CBD Cap 80% Dry

ALT 1B 011221 SA w/o Dunnigan

Pipeline

Average

| Dry and Critical

Average | Dry and Critical

Average | Dry and Critical

Average | Dry and Critical

Average

| Dry and Critical

1.5 MAF Reservoir

Historic Climate

Dunnigan Pipeline (outlet to CBD)

1.5 MAF Reservoir
Dunnigan Pipeline (outlet to CBD)
Historic Climate

1.5 MAF Reservoir
Dunnigan Pipeline (outlet to CBD)
Historic Climate

1.5 MAF Reservoir
Dunnigan Pipeline (outlet to CBD)
Historic Climate

1.5 MAF Reservoir
Dunnigan Pipeline {(outlet to CBD)

Historic Climate

Fills for Authority PWA Deliveries - North of Delta 43 16 43 17 43 18 42 19 42 19
Fills for Authority PWA Deliveries - South of Delta 115 43 113 42 108 43 95 42 80 42
Fills for CVP Deliveries - Operational Flexibility 29 16 29 16 27 16 28 16 29 15
Fills for Refuge Water Supply 26 11 25 11 26 10 27 11 29 12
Fills for Yolo Bypass Habitat Water Supply 43 18 43 19 39 17 22 10 4 4
Total Fill 255 104 254 104 244 104 215 98 185 92
Percentage of Total Fills
Fills for Authority PWA Deliveries - North of Delta 17% 15% 17% 16% 18% 17% 20% 20% 23% 21%
Fills for Authority PWA Deliveries - South of Delta 45% 41% 45% 41% 44% 41% 44% 43% 43% 46%
Fills for CVP Deliveries - Operational Flexibility 11% 16% 1% 15% 11% 16% 13% 16% 16% 16%
Fills for Refuge Water Supply 10% 11% 10% 10% 1% 10% 13% 1% 16% 13%
Fills for Yolo Bypass Habitat Water Supply 17% 17% 17% 18% 16% 16% 10% 10% 2% 4%

Notes:
Results are dependent on storage allocations (see storage allocation table)
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Sites Storage Allocation Table

Storage Volumes (TAF)

ALT 1B 011221

ALT 1B 011221 SACBD
Cap 30% Dry

ALT 1B 011221 SA CBD
Cap 50% Dry

ALT 1B 011221 SA CBD
Cap 80% Dry

ALT 1B 011221 SA w/o
Dunnigan Pipeline

1.5 MAF Reservoir
Dunnigan Pipeline (outlet to

1.5 MAF Reservoir
Dunnigan Pipeline (outlet to

1.5 MAF Reservoir
Dunnigan Pipeline (outlet to

1.5 MAF Reservoir
Dunnigan Pipeline (outlet to

1.5 MAF Reservoir
Dunnigan Pipeline (outlet to

CBD) CBD) CBD) CBD) CBD)
Historic Climate Historic Climate Historic Climate Historic Climate Historic Climate
Authority PWA Deliveries - North of Delta 256 256 256 256 256
TCCA 138 138 138 138 138
GCID 31 31 31 31 31
RD108 25 25 25 25 25
Other Sacramento Valley 62 62 62 62 62
Authority PWA Deliveries - South of Delta 788 788 788 788 788
CVP Deliveries - Operational Flexibility 91 91 91 91 91
Refuge Water Supply 124 124 124 124 124
Yolo Bypass Habitat Water Supply 120 120 120 120 120
Dead Pool Storage 120 120 120 120 120
Total Storage 1499 1499 1499 1499 1499
Percentage of Total Storage Capacity
Authority PWA Deliveries - North of Delta 17% 17% 17% 17% 17%
Authority PWA Deliveries - South of Delta 53% 53% 53% 53% 53%

CVP Deliveries - Operational Flexibility

6%

6%

6%

6%

6%

Refuge Water Supply

8%

8%

8%

8%

8%

Yolo Bypass Habitat Water Supply

8%

8%

8%

8%

8%

Dead Pool Storage

8%

8%

8%

8%

8%

Notes:
Results are dependent on storage allocations
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Table 1. - Total Change in CVP/SWP Deliveries with and without CVP Operational Flexibility Deliveries (TAF}

ALT 1B 011221

ALT 1B 011221 SA CBD
Cap 30% Dry

ALT 1B 011221 SACBD
Cap 50% Dry

ALT 1B 011221 SA CBD
Cap 80% Dry

ALT 1B 011221 SA wio
Dunnigan Pipeline

Average Average Average Average Average
Including CVP Operational Flexibility Deliverieq 10 6 14 13 11
Not Including CVP Operational Flexibility Deliv 2 2 8 9 3

Figure 1. - Total Change in CVP/SWP Deliveries with and without CVP Operational Flexibiliy Deliveries
Long Term Average
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Table 2. - Total Change in CVP/SWP Deliveries with and without CVP Operational Flexibility Deliveries (TAF})

ALT 1B 011221 ALT 1B 011221 SA CBDJALT 1B 011221 SA CBDJ{ALT 1B 011221 SA CBD| ALT 1B 011221 SA wio
Cap 30% Dry Cap 50% Dry Cap 80% Dry Dunnigan Pipeline
Dry and Critical Dry and Critical Dry and Critical Dry and Critical Dry and Critical
Including CVP Operational Flexibility Deliverieq 31 21 25 30 21
Not Including CVP Operational Flexibility Deliv 12 11 13 18 1
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Figure 2. - Total Change in CVP/SWP Deliveries with and without CVP Operational Flexibiliy Deliveries
Dry & Critical Average

T,
ALT 1B 011221 ALT 1B 011221 SACBD Cap ALT 1B 011221 SACBD Cap ALT 1B 011221 SA CBD Cap ALT 1B 011221 SA w/o
30% Dry 50% Dry 80% Dry Dunnigan Pipeline

= [NCluding CVP Operational Flexibility Deliveries

Not Including CVP Operational Flexibility Deliveries
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Table 3. - Change in Authority Deliveries {TAF)
ALT 1B 011221 ALT 1B 011221 SA CBD|ALT 1B 011221 SA CBD|ALT 1B 011221 SA CBD| ALT 1B 011221 SA wio
Cap 30% Dry Cap 50% Dry Cap 80% Dry Dunnigan Pipeline
Authority Participant Average Average Average Average Average
PWA NOD 29 29 29 29 30
PWA SOD 91 91 92 79 64
NOD Refuge (Level 4) + Yolo Bypass 41 41 37 21 5
SOD Refuge (Level 4) 15 15 15 16 17

Figure 3. - Change in Authority Deliveries
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100
90 \\
80 \
™ 70
< \
|.—
-~ 60
£
> 50
o
>
40
30
20
10 -~
0 ; ‘ . ‘
ALT 1B 011221 ALT 1B 011221 SACBD Cap ALT 1B 011221 SA CBD Cap ALT 1B 011221 SA CBD Cap ALT 1B 011221 SA w/o
30% Dry 50% Dry 80% Dry Dunnigan Pipeline
e PYWA NOD e PWA SOD ~ NOD Refuge (Level 4) + Yolo Bypass =: SOD Refuge (Level 4)

Draft_0009767



Table 4. - Change in Authority Deliveries (TAF)

ALT 1B 011221

ALT 1B 011221 SACBD
Cap 30% Dry

ALT 1B 011221 SA CBD
Cap 50% Dry

ALT 1B 011221 SACBD
Cap 80% Dry

ALT 1B 011221 SA wlo
Dunnigan Pipeline

Authority Participant

Dry and Critical

Dry and Critical

Dry and Critical

Dry and Critical

Dry and Critical

PWA NOD 60 60 61 61 62
PWA SOD 226 226 224 192 154
NOD Refuge (Level 4) + Yolo Bypass 27 27 21 18 7

SOD Refuge (Level 4) 27 27 27 29 29

250

Figure 4. - Change in Authority Deliveries
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Table 7. - Change in Releases (TAF)

ALT 1B 011221 ALT 1B 011221 SACBDJALT 1B 011221 SACBD{ALT 1B 011221 SA CBD| ALT 1B_01122_1 Sl'\ wlo
Cap 30% Dry Cap 50% Dry Cap 80% Dry Dunnigan Pipeline
Participant Average Average Average Average Average
CVP Op Flex 28 28 27 27 29
PWA NOD 29 29 29 29 30
PWA SOD 105 103 97 80 60
NOD Refuge (Level 4) + Yolo Bypass 46 47 41 24 5
SOD Refuge (Level 4) 19 19 19 20 23

120

Figure 7. - Change in Releases
Long Term Average
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Table 8. - Change in Releases (TAF)

ALT 1B 011221

ALT 1B 011221 SACBD
Cap 30% Dry

ALT 1B 011221 SA CBD
Cap 50% Dry

ALT 1B 011221 SACBD
Cap 80% Dry

ALT 1B 011221 SA wlo
Dunnigan Pipeline

Participant Dry and Critical Dry and Critical Dry and Critical Dry and Critical Dry and Critical
CVP Op Flex 26 27 26 31 31

PWA NOD 60 60 61 61 62

PWA SOD 250 245 235 194 150

NOD Refuge (Level 4) + Yolo Bypass 30 30 23 19 7

SOD Refuge (Level 4) 32 31 31 33 37

300

Figure 8. - Change in Releases
Dry & Critical Average
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Table 9. - Change in Releases (TAF)

ALT 1B 011221 ALT 1B 011221 SA ALT 1B 011221 SA ALT 1B 011221 SA | ALT 18'01122_1 SA wlo
CBD Cap 30% Dry CBD Cap 50% Dry CBD Cap 80% Dry Dunnigan Pipeline
Participant Average Average Average Average Average
CVP Op Flex 28 28 27 27 29
PWA NOD 29 29 29 29 30
PWA SCD 105 103 97 80 60
NOD Refuge (Level 4) + Yolo Bypass 46 47 41 24 5
SOD Refuge (Level 4) 19 19 19 20 23

250

Figure 9. - Change in Releases
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Table 10. - Change in Releases (TAF)
ALT 1B 011221 SA ALT 1B 011221 SA ALT 1B 011221 SA | ALT 1B 011221 SA wlo

ALT 1B 011221

50 -

CBD Cap 30% Dry CBD Cap 50% Dry CBD Cap 80% Dry Dunnigan Pipeline
Participant Dry and Critical Dry and Critical Dry and Critical Dry and Critical Dry and Critical
CVP Op Flex
PWA NOD
PWA SOD
NOD Refuge (Level 4) + Bypa
OD Refuge (Level 4)
Figure 10. - Change in Releases
Dry & Critical Average
400
350 A
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Table 11. - Change in Shasta Storage (TAF)

ALT 1B 011221

ALT 1B 011221 SA CBD
Cap 30% Dry

ALT 1B 011221 SA CBD
Cap 50% Dry

ALT 1B 011221 SA CBD
Cap 80% Dry

ALT 1B 011221 SAw/o
Dunnigan Pipeline

Dry and Dry and Dry and Dry and Dry and
Average Critical Average Critical Average Critical Average Critical Average Critical
28 39 31 47 32 49 36 52 36 49

Figure 11. - Change in Shasta Storage
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From: Spranza, John [John.Spranza@hdrinc.com]

Sent: 6/3/2021 8:41:01 AM

To: Alicia Forsythe [aforsythe@sitesproject.org]; Oakes, Harry [Harry.Oakes@icf.com]

CcC: Briard, Monigue [Monique.Briard@icf.com]; Arsenijevic, Jelica [Jelica.Arsenijevic@hdrinc.com]; MacKay, Kevin
[Kevin.MacKay@icf.com]

Subject: RE: Mitigation Cost Review

You got it, emails already drafted. Harry’s team is working up the breakout and | have let Cheyanne know that it is a
week or so out.

N "
=S ERRRRY

i

.
FERTRnES

O 018.070.8858 M 818.040.2487

From: Alicia Forsythe <aforsythe @sitesproject.org>

Sent: Thursday, June 3, 2021 5:56 AM

To: Spranza, John <John.Spranza@hdrinc.com>; Oakes, Harry <Harry.Oakes@icf.com>

Cc: Briard, Monique <Monique.Briard@icf.com>; Arsenijevic, Jelica <Jelica.Arsenijevic@hdrinc.com>; MacKay, Kevin
<Kevin.MacKay@icf.com>

Subject: RE: Mitigation Cost Review

CAUTERN [EXTERNAL] This email originated from outside of the organization. Do not click links or open attachments
unless vou recognize the sender and know the content is safe.

This looks good John. Can you coordinate with Henry to get this info to him?
Also, JP and Cheyanne will need the Dunnigan break out when available.

Ali

Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsythe@sitesproject.org | www.SitesProject.org

CONFIDENTIALITY NOTICE: This communication with its contants may contain confidantial and/or legally privileged information. 11 is salely fur
the use of the intended recipient{s). Unauthorized interception, review, use or disclosure is prohibited and may vislate applicabie laws
including the Elactronic Communications Privacy Act. If you are not the intended recipient, please contact the sender and destroy all copies of
the communication.

From: Spranza, John <John.Spranza@hdrinc.com>

Sent: Wednesday, June 2, 2021 1:48 PM

To: Alicia Forsythe <aforsythe@sitesproject.org>; Oakes, Harry <Harry.Oakes@icf.com>

Cc: Briard, Monique <Monique.Briard@icf.com>; Arsenijevic, Jelica <Jelica.Arsenijevic@hdrinc.com>; MacKay, Kevin
<Kevin.MacKay@icf.com>

Subject: RE: Mitigation Cost Review

Okay, all the changes are made and the winner is $562,477,300.0

Harry, if you have not done so already can you please upload all of your reference material and admin record related
documents and QA/QC form to the Sharepoint site when you have time? Here is the link:
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httos://sitesreservolrnrolect sharepointoom/ v/ envpermitting/ Working%2 0Documents/ 7 % 20Mitigation®%20and %20
AMPIost=1Bweb=18&e=miChMD;

9186700858 & 818.640.2487

From: Alicia Forsythe <aforsvihe@sitesproisct.org>

Sent: Tuesday, June 1, 2021 5:09 PM

To: Oakes, Harry <Harry. Gakesdbict.com>; Spranza, John <ighn Spranza@hdrinc.com>

Cc: Briard, Monique <} onigue. Briard@ict.com>; Arsenijevic, Jelica <lslica. &rsentievic@hdring.com>; MacKay, Kevin
<Kevin MacKav@icl. com

Subject: RE: Mitigation Cost Review

CAUTION: [EXTERNAL] This email originated from outside of the organization. Do not click links or open attachments
unless you recognize the sender and know the content is safe.

Hi all — I just had a chance to look at all of this. | don’t think we can remove all ag costs. We will have to mitigate for the
loss of ag lands. That might stack with our grassland mitigation, but | am just not sure that | am comfortable with that
right now as this ag land mitigation might need to be in the county that the impact occurred in and we only have 11,690
acres of easement (14,500 acres of grasslands is assumed mitigation bank), which is less than the ag land

impact. Anyway, | am not confident that we will be able to stack these together and thus not comfortable that we take
out all ag land mitigation costs. While these are land costs, the land acquisition costs only cover those costs to buy land
to build the project (and any costs associate with that transaction to the landowner). So these mitigation costs are not
covered in the land acquisition costs. Plus, small amount of this ag land might end up being permanent crops, which the
cost is wayyyyy higher.

I do think we can take out the $2.4 for remnant parcels in Glenn County and the $3.87 for remnant parcels in Colusa
County. These are costs that | think we would take on in land acquisition — meaning we wouldn’t leave the landowner
with remnant parcels that got bumped out of WAC and cost them money without compensating them for this cost as
part of the land acquisition purchase. So | think this would be an effect/change that we would compensate the
landowner for in the normal course of purchasing property for the project and will be addressed in our land acquisition
costs.

I am good with dropping the elderberry to 250 bushes if you think that is warranted. With these two changes, | think
this bring us to $563,852,300.

Ali

Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsythe@sitesproject.org | www.SitesProject.org

CONFIDENTIALITY NOTICE: This cammunication with its contents may contain confidential and/or legally privileged information. it is soiely for
the usa of the intended recipiant{s). Unauthorized interception, review, use or disclosure is prohibited and may viclate applicable laws
including the Electronic Communications Privacy Act. If you are not the intended recipient, piease contact the sender and destroy all copies of
the communication.
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From: Oakes, Harry <Harry. Oakes@icf.com>

Sent: Tuesday, June 1, 2021 4:45 PM

To: Spranza, John <ighn.spranra@hdrinc.com>

Cc: Alicia Forsythe <aforsythefsitesproject.org>; Briard, Monique <Maonique. Briard@ict com>; Arsenijevic, Jelica
<jelica. Arseniievic@hdrinc.oom>; MacKay, Kevin <Kevin, Mackay@ict com>

Subject: Re: Mitigation Cost Review

Thanks John. | think we can have every other week calls for mit plan for now. We have an internal one scheduled for
next week to coordinate with our permit lead and get our team rolling - maybe we can set up first mit call for week of
June 14th?

Sent from my iPhone

OnlJun 1, 2021, at 8:14 AM, Spranza, John <john.Spranza@hdring com> wrote:

Harry this is great, and much appreciated. | agree with halving the shrubs as | think that 500 is quite high based on some
additional information from DWR surveys | found that back that up (see attached). It will also be in direct alighment with
where some of the local participants think some adjustments could be warranted. | also agree that we can remove the
WAC costs and assume that they are included in the land acquisition, which is a pretty solid assumption. Provided Ali is
good with everything | am hoping that this pretty much wraps up the task with maybe a few minor tweaks that might
need to be made in the future.

| think we are now ready to start focusing on the mitigation plans we will need this year. Do you think continuing the
weekly Tuesday meetings is warranted or should we go every other week?

From: Oakes, Harry <Harry. Qakes@ich.oom>

Sent: Friday, May 28, 2021 10:49 AM

To: Alicia Forsythe <aforsythe@sitesprolect.org>; Spranza, John <lohn Soranza@hdrinc.com>; Briard, Monique
<Monigue. Briard@ict.oom>; Arsenijevic, Jelica <lslica. Arseniievic@hdrinc.com>

Subject: RE: Mitigation Cost Review

CAUTION: [EXTERNAL] This email originated from outside of the organization. Do not click links or open attachments
unless you recognize the sender and know the content is safe.

Thanks for the feedback/info, Ali & John.

Ali, I incorporated the revisions into the cost tables and provided responses to your email (in red) below. | also provided
responses to Jeff’s comments, further below (in red)

You may recall that the 2021 aquatic cost ($46.5M) was below the 2020 VP estimate ($56M). | revised the current
aquatic mitigation cost to match the 2020 VP cost.

The changes to aquatic costs, in addition to edits/reductions to RLF and WCA, pretty much balance out (-56M). So the
total mitigation cost is still in the area of $570M
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John, I'll be out of town for field work next week but can work on editing the PPT as needed. | do plan to be on next TH’s
ad hoc prep call

Also, just an update that we are coordinating internally to develop the mitigation costs associated with Dunnigan and
Colusa Drain. Can | assume that we “will not” include those numbers in the ad hoc presentation?

Thanks!
Have a great weekend everyone!

Harry

From: Alicia Forsythe <aforsythe@sitasproiect. org>

Sent: Tuesday, May 25, 2021 6:31 AM

To: John Spranza <jghn. Spranze@hdrinc.com>; Briard, Monique <Monigue.Briard@icf.com>; Oakes, Harry
<Harry.Qakes@icf com>; Arsenijevic, Jelica <lslica. Arsenilevic@hdrinc.com>

Subject: RE: Mitigation Cost Review

Thanks John. | think we can explain the differences that Jeff notes below.
A few more comments:

1. On the Wildlife tab — we mention that total costs for CRLF aquatic mitigation current includes funks

reservoir. We should take this text out as | thought we took this out of the cost estimate. Compiete, Aguatic acreage
reduced to 287 acres, cost reduced by approx. 12

2. On the wildlife tab — | think we should double check the notes for swainsons hawk. There is costs for nesting
habitat, but the note doesn’t seem to correspond. Note removed

3. Under Wild-1.16 — lets delete the 1 in the acre box as | think we removed this, but this 1 just hanging out there
might be a little confusing. Number removed

4, Wild-1.21 — Let change box to say — No additional costs associated with this mitigation measure. Vegetation
removal costs covered under Construction phase. Note revised

5. Ag — WAC contracts rescinded — | think these costs would be covered under our land acquisition costs. We
would not leave landowners with a tax bill due to the change in ownership. | feel like these can be removed, but maybe
we should talk to make sure | understand what these costs are for. | concur that they could be removed. Could alf of
the costs on these tabs be considered land acquisition costs? if so, it would zero-cut all the Ag Land costs

6. Cultural sheet — | think we should just walk though this one more time to make sure we are not missing anything
that should be costed out here. OK
Thanks!

Ali

Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsythe@sitesproject.org | www.SitesProject.org
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CONFIDENTIALITY NOTICE: This communication with its contents may contain confidential and/or lagally privileged information. it is solely for
tha use of the intendad recipient{s). Unauthorized interception, raview, use or disclosura is prohibited and may viclate applicabis laws
including the Electronic Communications Privacy Act. If you are not the intended recipient, please contact the sender and destroy all copias of
the communication.

From: Spranza, John <ighn.Spranza@hdrinc.com>

Sent: Monday, May 24, 2021 1:57 PM

To: Alicia Forsythe <aforsvthe@sitesproject.org>; Monique Briard (monigus. briard@icf.ocom)
<mopigue brisrd @icl.com>; Oakes, Harry <Harry, Oakes@icf.com>; Arsenijevic, Jelica <lelica Arsenijevic@hdrinc.com>
Subject: FW: Mitigation Cost Review

| asked Jeff H to take a look at the mitigation sheet and he has provided a few comments. | think we have good rational
behind all of the assumptions that he has hit on, but its nice to get a different perspective. Please let me know if you see
any comments that we should address further.

Thanks.

D 816.878.8858 M B18.840.2407

From: Herrin, Jeff <jeff herrind@ascom.com>
Sent: Monday, May 24, 2021 10:59 AM

To: Spranza, John <johi.Spranza @ hdrinc.com>
Cc: Luy, Henry <Henry. Lun@hdring.com>
Subject: FW: Mitigation Cost Review

CAUTION: [EXTERNAL] This email originated from outside of the organization. Do not click links or open attachments
unless you recognize the sender and know the content is safe

John,
My comments are as follows:

® The cost per acre for annual grassland mitigation banking is about exactly double the cost that we used. Maybe
the cost for the mitigation bank is double. Your cost may be for irrigated grassland. If we can use unirrigated rangeland,
that should suffice to mitigate for the valley inundated by Sites and | believe it may be less expensive. Irrigation is a
pretty big cost driver. | don’t think we want to use a mitigation bank with irrigation if it can be avoided. We used 2 costs
for annual grassland mitigation. 52,000/ac for rangeland {11,690 acres). The remainder was assumed tobeon a
mitigation bank to account for stacking of habitat credits for species. We selected 14,500 acres required which roughly
equates to what would be required for Swainson’s hawk upland.

° I'm not sure if the stream mitigation includes Funks and Stone Corral Creeks. We are spending a lot of money to
put in pipelines and to maintain flows in the creeks prior to construction that would interrupt flow to Funks and Stone
Corral Creeks. Maybe you are mitigating a different creek, but the cost seems high for these two creeks. Qur stream
mitigation costs assumes is assumed to be the same as the per acre cost for other wetland types. Since we aren’t sure
we can create stream streams or get enough LF at a bank it may need to be out-of-kind.

® The mitigation cost for blue oak woodlands/oak savannah is also a much higher per acre than we were using
(about 6 times our cost). Suggest you check the cost per acre (535,000/acre may generate some questions). Qur cost
assumes oak mitigation at a bank.

® Here is what we had on elderberry previously: We assumed up to 500 shrubs impacted, which admittedly is
probably high. We can reduce the number of assumad shrubs affected. Total cost for the 500 shrubs is $2.75M, we
could reduce that by half?
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There are two elderberry shrubs located within the potential construction disturbance area for Sites Reservoir and Dams that could
be completely avoided by establishing and maintaining a 100-foot-wide or wider buffer around them. Construction crews shall be
briefed regarding the need to avoid these plants, and signs shall be posted during construction to avoid the buffer area. After Project
construction is complete, this area would not be affected by Project operation or maintenance.

The elderberry shrub immediately adjacent to the footprint of the Delevan Pipeline intake/Discharge Facility is located on the edge of
an irrigation canal that is situated along an existing access road. Because of its proximity to the road, it would not be possible to
establish a 100-foot-wide buffer. It would also not be possible to establish a 100-foot-wide buffer for the shrubs located immediately
adjacent to the existing Maxwell Sites Road. Consultation with USFWS would be initiated for possible approval to encroach on the
buffer. Otherwise, appropriate mitigation measures shall be implemented.

The elderberry shrubs within the footprint of Sites Reservoir, Sites Dam, and Golden Gate Dam, as well as the one shrub within the
footprint of the Delevan Pipeline Intake/Discharge Facility, would not be avoided by Project construction, and therefore, shall be
transplanted or replaced, depending on the likelihood of survival post-transplantation. Transplantation procedures shall comply with
USFWS’s 1999 Conservation Guidelines for the Elderberry Longhorn Beetle (USFWS, 1999). If transplantation is not feasible, USFWS
general guidelines require replacement of elderberry plants in designated mitigation areas. Elderberry plants are typically replaced at
a ratio of 2:1 for stems greater than one inch in diameter at ground level with no adult emergence holes, 3:1 for stems where
emergence holes are documented in less than 50 percent of the shrubs, and 5:1 for stems greater than one inch in diameter with
emergence holes.

Mitigation measures already required for the loss of riparian habitat pursuant to the mitigation for loss of wildlife habitat types
described above could potentially compensate for the native planting requirement for elderberry plant mitigation.

® Red-legged Frog is a much bigger issue now than it was when the prior estimate was put together due to USFW
focus. It is a pretty significant contributor to cost growth. Comment noted
® We have a pretty significant difference on Williamson Act associated costs. We had assumed that contracts

could be rescinded for many acres. The current estimate did not take this approach. The delta is about $26M. Comment
noted. We removed the tax costs for rescinded acres which saved approx. 57M. Per my response to ali, could all ag land
costs be removed and covered under real estate costs?

® Henry mentioned this was a 2019 cost estimate. Given the cost per acre, you may want to consider making it
2020 or 2021. Comment noted.

Jeff Herrin
Water Resources Planner, Water Business Unit, Sacramento, CA
D +1-916-679-2084 IPT 264-679-2084

M +1-916-432-0956

AECOM

2020 L Street

Suite 400

Sacramento, CA 95811, United States
T +1-916-414-5800

Built to deliver a better world

From: Spranza, John <lohn.Spranza @hdrinc.com>
Sent: Friday, May 21, 2021 10:27 AM

To: Herrin, Jeff <igff. herrin@aecom.com>
Subject: [EXTERNAL] Mitigation Cost Review

Hi Jeff,

Could you take a look at the attached mitigation cost estimate and get back to me with comments on items you see as
potential issues? We're looking to finalize it the first week in June so if you could get those over to me by the end of
next week | would appreciate it.
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Let me know if you can’t squeeze this in or if you have any questions.

Thanks
John

& o \S
Rl TR

2379 Gateway Caks Drive, Suite 200
Sacraments, OA BOBID
john.spranza@hdrinc.com

<Summay of NODOS Surveys In Sites Reservoir_ 20210526.docx>
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From: Fisher, Linda [Linda.Fisher@hdrinc.com]

Sent: 6/3/2021 9:54:55 PM

To: Williams, Jonathan@Wwildlife [jonathan.williams@wildlife.ca.gov]

CC: Uttley, Paige@Wildlife [Paige.Uttley@wildlife.ca.gov]; Kearns, Zachary@Wildlife [Zachary.Kearns@Wildlife.ca.gov];
Alicia Forsythe [aforsythe@sitesproject.org]

Subject: RE: Sites Reservoir Project - Responsible Agency Review - Group 3 Chapters - Due June 21

Chapter 33 has been posted.

-Linda

hdrins confoliow-us

From: Alicia Forsythe <aforsythe @sitesproject.org>

Sent: Thursday, June 3, 2021 4:34 PM

To: Williams, Jonathan@ Wildlife <jonathan.williams@wildlife.ca.gov>; Fisher, Linda <Linda.Fisher@hdrinc.com>

Cc: Uttley, Paige@Wildlife <Paige.Uttley@wildlife.ca.gov>; Kearns, Zachary@Wildlife <Zachary.Kearns@Wildlife.ca.gov>
Subject: RE: Sites Reservoir Project - Responsible Agency Review - Group 3 Chapters - Due June 21

CAUTERN [EXTERNAL] This email originated from outside of the organization. Do not click links or open attachments
unless vou recognize the sender and know the content is safe.

Whoops. Yes, sorry. Chapter 33.

Ali

Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsythe @sitesproject.org | www.SitesProject.org

CONFIDENTIALITY NOTICE: This communication with its contents may contain confidential and/or fegally privileged information. it is solely for
the use of the intendad recipient{s}). Unauthorized interception, review, use or disclosure is prohibited and may vialate applicabis laws
including the Electronic Communicatinns Privacy Act. If you are not tha intended recipiant, please vontact the sender and destroy all copies of
the communication.

From: Williams, Jonathan@Wildlife <Jonathan.Williams@wildlife.ca.gov>

Sent: Thursday, June 3, 2021 4:32 PM

To: Alicia Forsythe <aforsythe@sitesproject.org>; Linda Fisher (linda.fisher@hdrinc.com) <linda.fisher@hdrinc.com>

Cc: Uttley, Paige@Wildlife <Paige.Uttley@wildlife.ca.gov>; Kearns, Zachary@Wildlife <Zachary.Kearns@Wildlife.ca.gov>
Subject: RE: Sites Reservoir Project - Responsible Agency Review - Group 3 Chapters - Due June 21

Hi Ali and Linda,

Quick correction, its Chapter 33 that we want, not Chapter 22.

From: Alicia Forsythe <aforsythe@sitesproject.org>

Sent: Thursday, June 3, 2021 4:30 PM

To: Williams, Jonathan@Wildlife <jgnathan. Williams@ wildlife.ca.gov>; Linda Fisher (linda. fisher@hdrinc.com)
<linda fisher @hdrinc.com>
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Cc: Uttley, Paige@Wildlife <Paige. Uttley@wildlife.ca.zov>; Kearns, Zachary@Wildlife <Zachary. Kearns@Wildlife ca gov>
Subject: RE: Sites Reservoir Project - Responsible Agency Review - Group 3 Chapters - Due June 21

SWARMING: This message is from an external source. Verify the sender and exercise caution when clicking links or opening
attachments.

Yep. We will get that posted for you.
Linda, Please see below. Can you post Chapter 22 for CDFW?

Ali

Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsythe@sitesproject.org | www.SitesProject.org

CONFIDENTIALITY MOTICE: This communication with its contents may contain confidential and/or legally orivileged information. 1t is solely for
the use of the intended recipient{s). Unauthorized intercention, review, use or disclosure is prohibited and may violate applicabie laws
including the Electronic Communicatiaons Privacy Act. if you are not the intended recipient, please contact the sendar and desiroy all copies of
the communication.

From: Williams, Jonathan@Wildlife <lonathan Willlams@wildlife capov>

Sent: Thursday, June 3, 2021 1:27 PM

To: Alicia Forsythe <aforsythe@sitesproject.org>

Cc: Uttley, Paige@Wildlife <Paige. Uttley@wildlife.ca.zov>; Kearns, Zachary@Wildlife <Zachary. Kearns@Wildlife ca gov>
Subject: RE: Sites Reservoir Project - Responsible Agency Review - Group 3 Chapters - Due June 21

Hi Ali,
Would it be possible for CDFW to review draft chapter 337

Thanks,
Jon

From: Alicia Forsythe <gforsythe®@sitesproject.org>

Sent: Thursday, June 3, 2021 5:35 AM

To: Davis-Fadtke, Kristal@Wildlife <kKristal Davis-Fadtke @wildlife.ca.gow>; Fisher, Linda <Linda Fisher@hdrinc.com>;
Young, Amy@DWR <Amy. Young@water.ca.gov>; Montgomery, Amanda@Waterboards

<Amanda Montgomery@waterboards.ca.gov>; Okita, David@DWR <David. Okitadhwater.ca.gov>; Kearns,
Zachary@Wildlife <Zachary. Kearns@Wildiife, ca.gov>; Torres, Juan@Wildlife <juan. Vorres@wildiife.ca.gov>; Uttley,
Paige@Wildlife <Paige. Uttleviwildlife ca.gov>; Barker, Kelley@Wildlife <Kelley. Barker@wildlife.cagov>; Purdy,
Colin@Wildlife <Colin. Purdy @wildlife.ca.gov>; Huneycutt, Andrew@Wildlife <Andrew. Huneveult @ Wikdlife ca.gov>;
Williams, Jonathan@Wildlife <ionathan Williams @wildiife ca. zov>; Cooke, Robert@DWR

<Robert.Cooke @water.ca.gov>; Biondi, Oscar@Waterboards <QOscar. Biondi@waterboards.ca.gov>

Cc: Laurie Warner Herson <iguris.warmer herson®@phenixeny.com>; Heydinger, Erin <grinhevdinger@hdring com>;
Linda Fisher (linda.fisher@hdrinc.com) <linda. fisher@hdring.conme

Subject: RE: Sites Reservoir Project - Responsible Agency Review - Group 3 Chapters - Due June 21

WARNING: This message is from an external source. Verify the sender and exercise caution when clicking links or opening
attachments.
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CEQA Responsible Agencies — We now have Group 3 Chapters ready on OneDrive for your review. Below are the Group
3 Chapters along with the Responsible Agencies identified for review. Please let me know if you would like to review
additional chapters not currently identified for your organization. Comments are due June 21.

® Executive Summary — CDEW, CWC, SWRCB, DWR

. App 2D (BMPs and AMMs) — CDFW, SWRCB

® Ch 5, Surface Water Resources - CDFW, CWC, SWRCB, DWR
® Ch 11, Aquatic Resources - CDFW, SWRCB, DWR

° Ch 15, Agriculture and Forestry Resources

® Ch 20, Air Quality

® Ch 28, Climate Change — CDFW, SWRCB

° Ch 30, Environmental Justice and Socioeconomics

° Ch 31, Cumulative Impacts - CDFW, SWRCB

® Ch 33, Consultation and Coordination

A note on Chapter 11. The ICF technical fisheries team has been working literally day and night on this chapter. To
allow the technical team as much time as possible, we elected to NOT have this chapter edited prior to your

review. Therefore, there is still a good amount of work to do on this chapter and ICF will be doing that in parallel with
our collective review {this is the first time we have also seen this chapter). Please focus your comments on issues of
substance and not editorial, repetition, or length issues. We will clean these up in parallel, but wanted to allow you all
as much time as possible to review and as much time as possible for ICF to be able to make substance changes in
response to your comments.

Thanks all for your continued review and efforts on the Sites Project. We very much appreciate it!

Ali

Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsythe @sitesproject.org | www.SitesProject.org

CONTFIDENTIALITY NOTICE: This commurndcation with ifs contents may contain canfidential and/or legaily privileged information. it is solely for
the use of the intendad recipient{s}. Unauthorized interception, raview, use or disclosures is prohibited and may vialate applicabis laws
including the Electronic Comamunications Privacy Act. H vou are not the intended recipient, piease cordact the sender and destroy all copies of
the communication.

From: Alicia Forsythe

Sent: Thursday, May 27, 2021 3:56 PM

To: Davis-Fadtke, Kristal@Wildlife <kristal.Davis-Fadtke®@ wildlife ca.gov>; Fisher, Linda <Linda Fisher@hdrinc.com>;
Young, Amy@DWR <&y, Youns @hwater.ca.gov>, Montgomery, Amanda@Waterboards

<Amanda. Montgomery@waterboards.ca.gov>; Okita, David@DWR <David Okita@water.ca.gov>; Kearns,
Zachary@Wildlife <Zachary Kearns@Wildiife ca,gov>; Torres, Juan@Wildlife <juan. Torres@wildlife.ca.zov>; Uttley,
Paige@Wildlife <Faige Uttlev@wildlife. ca.cov>; Barker, Kelley@Wildlife <Kelley.Barker@wildiife ca gow>; Purdy,
Colin@Wildlife <Colir, Purdyv@wildlife ca.gov>; Huneycutt, Andrew@Wildlife <Andrew Hunsyoutt@Wildlife.ca.gov>;
Williams, Jonathan@Wildlife <jonathen Willlams@wildiife.ca.zov>; Cooke, Robert@DWR

<Robert Cockefivwater.ca.gov>; Biondi, Oscar@Waterboards <Cscar, Biondi@waterboards. cagow>

Cc: Laurie Warner Herson <laurie warner. herson@phanixenv.corm>; Heydinger, Erin <Erir Heydinger@hdrinc.com>;
Linda Fisher (linda. fisher@hdrinc.com) <linda.fisher@hdrine.com>

Subject: RE: Sites Reservoir Project - Responsible Agency Review - Group 2 Chapters - Due June 14

Hi all — I was just reviewing the attached file that thought it would be useful for those that are reviewing
appendices. (Especially for the Chapter 11 Appendices as there are a number of them.)
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Also, it occurred to me earlier today and we should have DWR look at recreation resources as we look at Oroville.
Linda, can you get recreation loaded for DWR?
Thanks all!

Ali

Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsythe@sitesproject.org | www.SitesProject.org

CONFIDENTIALITY NOTICE: This communication with its contents may contain confidential and/or legally privileged information. 1t is solely for
the use of the intended recipisnt{s). Unauthorizad interception, review, use or disclosure is prohibited and may violate applicabie laws
including the Elecironic Communications Privacy Act. If you are not the Intended recipient, pirase contact the sender and destroy all copies of
the communication.

From: Alicia Forsythe

Sent: Wednesday, May 26, 2021 11:05 AM

To: 'Davis-Fadtke, Kristal@Wildlife' <iristal. Davis-Fadike @wildlife.ca.gov>; 'Fisher, Linda' <Linda. Fisher@hdrinc.com>;
'Young, Amy@DWR' <&y Youns@water.ca.gov>; 'Montgomery, Amanda@Waterboards'

<Amanda Montgomerv@waterboards.ca gov>; 'Okita, David@DWR' <Qavid Okita @ water . ca.gov>; 'Kearns,
Zachary@Wildlife' <Zzchary Kearns@Wildlife.ca.gov>; Torres, Juan@Wildlife' <juan.Torres@wildiife.ca.gov>; 'Uttley,
Paige@Wildlife' <Paige. Uttley@wildlife.ca gov>; 'Barker, Kelley@Wildlife' <Kslley. Barker@wildlife.ca.govw>; 'Purdy,
Colin@Wildlife' <Colin. Purdyi@wildlife ca.gov>; 'Huneycutt, Andrew@Wildlife' <andrew Hunsyvoutt@ Wildlife, ca.gow>;
‘Williams, Jonathan@Wildlife' <jonathan Willlams@wildlife.ca.gov>; 'Cooke, Robert@DWR'

<Hobert Cooke@water.ca.gov>; 'Biondi, Oscar@Waterboards' <Cscar. RBiondi@waterboards.ca.gov>

Cc: 'Laurie Warner Herson' <laurie. warner. herson@phenixenv.com>; Heydinger, Erin <Erin.Hevdinger@hdrinc.com>;
Linda Fisher (linda.fisher@hdrinc.com) <linda. fisher@hdrinccome>

Subject: Sites Reservoir Project - Responsible Agency Review - Group 2 Chapters - Due June 14

CEQA Responsible Agencies — Thank you for your comments on the “Group 1” Chapters. We now have Group 2
Chapters ready for your review. Below are the Group 2 Chapters along with the Responsible Agencies identified for
review. Please let me know if you would like to review additional chapters not currently identified for your
organization. Comments are due June 14.

6 — Surface Water Quality — CDFW, SWRCB, DWR
11 — Aquatic Resources, Some Appendices ONLY — CDFW and SWRCB
12 — Geology and Soils — DWR, would you want this one for DSOD?

13 — Minerals

14 — Land Use

16 — Recreation Resources
19 — Noise

21 — Greenhouse Gas Emissions

23 — Tribal Cultural Resources

24 — Visual Resources

25 — Population and Housing

26 — Public Services and Utilities

27 — Public Health and Environmental Hazards
29 — Indian Trust Assets

32 — Other Required Analyses

33 — Consultation and Coordination

34 — Document Distribution
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We had originally envisioned getting Chapter 5, Surface Water Resources, in this group also. However, this chapter
needs a little more work and is being pushed back to Group 3 (coming next week). For CDFW, SWRCB, and DWR, there
are some appendices for Chapter 5 that are posted and ready for review.

Let me know if you would like any additional chapters not currently identified for your agency review. Linda can help if
you have any challenges connecting to OneDrive.

We look forward to your comments.

Ali

Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsythe@sitesproject.org | www.SitesProject.org

CONFIDENTIALITY NOTICE: This communication with its contents may contain confidential and/or fegally privileged information. Ht is saisly for
the usa of the intended recipiant{s). Unauthorizad interception, review, uss or disclosurs is prohibited and may violats applicabie laws
including the Electronic Communications Privacy Act. If you are not the intended recipient, piease contact the sender and destroy all copies of
the communication,

=]

From: Alicia Forsythe

Sent: Wednesday, May 12, 2021 10:35 AM

To: Davis-Fadtke, Kristal@Wildlife <Kristal.Davis-Fadthe @wildlife.ca gov>; Fisher, Linda <Linda Fisher@hdrinc.com>;
Young, Amy@DWR <&y Youngi@watsr.ca.gov>;, Montgomery, Amanda@Waterboards

<Amanda Montgomerv@waterboards.ca gov>; Okita, David@DWR <David Okita@water.ca.gov>; Kearns,
Zachary@Wildlife <Zachary Kearns@Wildlife.ca.zow>; Torres, Juan@Wildlife <juan. Torres@wildlife.ca gov>; Barker,
Kelley@Wildlife <€glley. Barker@wildlife.ca.gov>; Purdy, Colin@Wildlife <Colin. Purdv@wildlife. ca, zov>; Huneycutt,
Andrew@Wildlife <Andrew. Huneyvoutt@Wildlife.ca.pov>; Williams, Jonathan@Wildlife

<lgnathan Willams @ wildlife.ca.gov>; Cooke, Robert@DWR <Robert. Cooke@water.ca.gov>; Biondi,
Oscar@Waterboards <Oscar. Biondi@waterhoards.ca.govs

Cc: Laurie Warner Herson <lgurie warner. herson@phenixenv.com>; Uttley, Paige@Wildlife

<Paige Uttley@wildiife.ca.zov>; Heydinger, Erin <Erin Hevdinger@hdrinc.com>

Subject: RE: Sites Reservoir Project - Responsible Agency Review - Next Batch of Chapters

Hi Kristal — We are also struggling with the amount of work/review in the time we have. We can extend to June 18, but
really no later. With trying to get the document out for public review in late August, we have just got to make sure we
leave enough time for ICF and the Authority team to address comments/make changes and then final format and get
into our and Reclamation’s final review process. |realize this is tight and we are struggling with this with our own
internal review.

I'd encourage the group to review the Group 2 chapters ASAP once you receive them to leave schedules open for that
last Group 3 chapters.

I will also talk with the team to see if we can get any of the Fisheries appendices out early.

Ali

Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsythe@sitesproject.org | www.SitesProject.org

CONFIDENTIALITY NOTICE: This communication with its contents may contain confidentizl and/or legally privileged information. it is solely for
tha use of the intendad recipient{s). Unauthorized interception, raview, use or disclos is prohibited and may viciale applicabis laws
including the Elactronic Communications Privacy Act. If you are not the intended recipient, pleass contact the sender and destroy all coples of
the communication.
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From: Davis-Fadtke, Kristal@Wildlife <kristal. Davis-Fadike@ wildlife.ca gov>

Sent: Wednesday, May 12, 2021 9:58 AM

To: Fisher, Linda <linda.Fisher@hdrinc.com>; Young, Amy@DWR <fmy Young@water.ca.gov>; Montgomery,
Amanda@Waterboards <Amanda. Montsomerv@waterboards.ca.gov>; Okita, David@DWR

<David. Ckita@water.ca.gov>; Cooke, Robert@DWR <Rohert Cocke @water.ca.gov>; Biondi, Oscar@Waterboards
<Cmear Biondi@waterboards.ca.gov>

Cc: Laurie Warner Herson <laurie warner. herson@phenixenv.com>; Alicia Forsythe <aforsythe @sitesproject.org>;
Uttley, Paige@Wildlife <Palge. Littley @ wildlife.ca gov>; Kearns, Zachary@Wildlife <Zachary. Kearns@Wikdliife ca.gov>;
Torres, Juan@Wildlife <juzr. Torres@wildlife.ca. gov>; Barker, Kelley@Wildlife <Kelley Barker@wiidlife.ca.gov>; Purdy,
Colin@Wildlife <Colin Purdviwildlife ca.gov>; Huneycutt, Andrew@Wildlife <Andrew. Huneyouti@Wildlife cagov>;
Williams, Jonathan@Wildlife <jgnathan Williams@wildiife. ca zow>

Subject: RE: Sites Reservoir Project - Responsible Agency Review - Next Batch of Chapters

Good morning,

Thank you for the list of chapters and projected timeline — it is very helpful. | see you are requesting comments on all the
remaining chapters by June 14. | anticipate the review of the aquatic and water quality resources and associated
modeling will be a significant effort on our part and we are in a time of year when a lot of staff are in the field. We would
like to provide meaningful input and request more time for review. Understanding that you have a schedule to meet, |
propose we provide comments on the last batch of chapters by June 30.

Kristal

From: Fisher, Linda <Linda.Fisher@hdrinc.com>

Sent: Tuesday, May 11, 2021 9:26 PM

To: Young, Amy@DWR <Amy Young@water.ca.zov>; Montgomery, Amanda@Waterboards

<Amanda Montgomerv@waterboards.ca.gov>; Davis-Fadtke, Kristal@Wildlife <Kristal. Davis-Fadtke @wildlife. ca.gov>,
Okita, David@DWR <David. Okita@water.ca.gov>; Cooke, Robert@DWR <Eobert. Cooks @hwater.ca.gov>; Biondi,
Oscar@Waterboards <Qscar, Biondi@waterhoards. ca.govs>

Cc: Laurie Warner Herson <lauris warner.herson@phenixeny.com>; Alicia Forsythe <aforsyvihe@sitesprolect org>
Subject: RE: Sites Reservoir Project - Responsible Agency Review - Next Batch of Chapters

WARNING: This message is from an external source. Verify the sender and exercise caution when clicking links or opening
attachments.

Please find below the list of Chapters and Appendices being delivered this month. If you have any additional questions
please let us know.

Deliverable Review Period

Chapter 7, Fluvial Geomorphology 5/11/2021-5/24/2021

Chapter 8, Groundwater Resources 5/11/2021-5/24/2021

Chapter 9, Vegetation Resources 5/11/2021-5/24/2021

Chapter 10, Wildlife Resources 5/11/2021.5/24/2021

Chapter 17, Energy 5/11/2021-5/24/2021
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Chapter 18, Navigation, Transportation, and Traffic

5/11/2021-5/24/2021

Chapter 22, Cultural Resources

5/11/2021-5/24/2021

Appendix 8A, Groundwater Resources Basin Setting

5/11/2021-5/24/2021

Appendix 8B, Groundwater Modeling

5/11/2021-5/24/2021

Appendix 9A, Special-Status Plant Species

Appendix 9B, Vegetation and Wetland Methods and Information

5/11/2021-5/24/2021

5/11/2021-5/24/2021

Appendix 10A, Special-status Wildlife Table and Non-listed Wildlife Species Accounts

Appendix 10B, Wildlife Habitat Models and Methods

Appendix 10C, Special-status Wildlife Impact Tables

5/11/2021-5/24/2021

5/11/2021-5/24/2021

5/11/2021-5/24/2021

Appendix 17A (formerly 31B}, CVP/SWP Power Modeling

Chapter 5, Surface Water Resolirces

5/11/2021-5/24/2021

5/25/2021-6/14/2021

Chapter 6, Surface Water Quality

5/25/2021-6/14/2021

Chapter 12, Geology and Soils (includes Faults and Seismicity and Paleo)

5/25/2021-6/14/2021

Chapter 13, Minerals

5/25/2021-6/14/2021

Chapter 14, Land Use

5/25/2021-6/14/2021

Chapter 15, Agriculture and Forestry Resources

5/25/2021-6/14/2021

Chapter 16, Recreation Resources

5/25/2021-6/14/2021

Chapter 19, Noise

5/25/2021-6/14/2021

Chapter 23, Tribal Cultural Resources

5/25/2021-6/14/2021

Chapter 24, Visual Resources

5/25/2021-6/14/2021

Chapter 25, Population and Housing

Chapter 26, Public Services and Utilities

Chapter 27, Public Health and Environmental Hazards (includes hazards and hazardous
materials and wildfires)

5/25/2021-6/14/2021

5/25/2021-6/14/2021

5/25/2021-6/14/2021

Chapter 29, Indian Trust Assets

5/25/2021-6/14/2021

Chapter 30, Environmental Justice and Socioeconomics

5/25/2021-6/14/2021

Chapter 32, Other Required Analyses (includes Growth Inducing, Relationship Between Short-
term Uses and Long-term Productivity and Irreversible or Irretrievable Resource
Commitments)

5/25/2021-6/14/2021
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Chapter 33, Consultation and Coordination and List of Preparers

5/25/2021-6/14/2021

Chapter 34, EIR/EIS Document Distribution

5/25/2021-6/14/2021

Appendix 5A {formerly 6A), Surface Water Resources Modeling of Alternatives

5/25/2021-6/14/2021

Appendix 5B {formerly 6B}, Water Resources System Modeling

5/25/2021-6/14/2021

Appendix 5B1 (formerly 6B1), Project Operations

5/25/2021-6/14/2021

Appendix 5B2 (formerly 6B2), River Operations

Appendix 5B3 (formerly 6B3), Delta Operations

Appendix 5B4 (formerly 6B4), Regional Deliveries

5/25/2021-6/14/2021

5/25/2021-6/14/2021

5/25/2021-6/14/2021

Appendix 5C (formerly 6C), Upper Sacramento River Daily River Flow and Operations Models

5/25/2021-6/14/2021

Appendix 6A (formerly 74}, California State Water Resources Control Board Constituents of
Concern

5/25/2021-6/14/2021

Appendix 6B (formerly 7B}, Sacramento-San Joaquin Delta Modeling

5/25/2021-6/14/2021

Appendix 6C (formerly 7C), River Temperature Modeling

5/25/2021-6/14/2021

Appendix 6D (formerly 7C), Sites Reservoir Discharge Temperature Modeling

5/25/2021-6/14/2021

Appendix 6F, Water Quality Data

5/25/2021-6/14/2021

Appendix 6F (new), Mercury

5/25/2021-6/14/2021

Appendix 12A, Soils Survey Map

5/25/2021-6/14/2021

Appendix 12B, Soils Plan

5/25/2021-6/14/2021

Appendix 194, Noise Calculations

5/25/2021-6/14/2021

Appendix 24A, Aesthetics

5/25/2021-6/14/2021

Appendix 24B, Aesthetics Existing Conditions/Setting

5/25/2021-6/14/2021

Appendix 27A, Environmental Records Search

5/25/2021-6/14/2021

Appendix 30A, Regional Economics Modeling (No change from 2017 Appendix 22C)

Appendix 32A (formerly 34A}), Growth Inducing Considerations for Municipal and Industrial
Water Users

Appendix 33A, 2017 Draft EIR/EIS Chapter 36 Consultation and Coordination

5/25/2021-6/14/2021

5/25/2021-6/14/2021

5/25/2021-6/14/2021

Executive Summary — text only

6/1/2021-6/14/2021

Chapter 11, Aquatic Biological Resources

6/1/2021-6/14/2021

Chapter 20, Air Quality

6/1/2021-6/14/2021

Chapter 21, Greenhouse Gases

6/1/2021-6/14/2021
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Chapter 28, Climate Change

6/1/2021-6/14/2021

Chapter 31, Cumulative Impacts

6/1/2021-6/14/2021

Appendix 2C, Construction Means, Methods, and Assumptions

6/1/2021-6/14/2021

Appendix 2D, Environmental Commitments and BMPs

6/1/2021-6/14/2021

Appendix 4A, Regulatory Requirements

Appendix 11A {formerly 12A), Aquatic Species Life Histories

Appendix 11B (formerly 12B), Fisheries Impact Assessment Methodology

6/1/2021-6/14/2021

6/1/2021-6/14/2021

6/1/2021-6/14/2021

Appendix 11C (formerly 12C), Fisheries Impact Summary

6/1/2021-6/14/2021

Appendix 11D (formerly 12E), Fisheries Water Temperature Assessment Summary Table

6/1/2021-6/14/2021

Appendix 11E (formerly 12F), Reservoir Water Surface Elevation Summary Table

6/1/2021-6/14/2021

Appendix 11F, (formerly 12G), Smelt Analysis

6/1/2021-6/14/2021

Appendix 11H Salmonid Population Modsling

6/1/2021-6/14/2021

Appendix 111 (formerly 121}, Winter Run Chinook Salmon Life Cycle Modeling

6/1/2021-6/14/2021

Appendix 11) [formerly 12K), Through Delta Survival of Juvenile Salmonids

6/1/2021-6/14/2021

Appendix 11K {formerly 121}, Weighted Usable Area Analysis

6/1/2021-6/14/2021

Appendix 111 {formerly 12M), Sturgeon Analysis

6/1/2021-6/14/2021

Appendix 11M (formerly 12N}, Yolo and Sutter Bypass Flow and Weir Spill Analysis

6/1/2021-6/14/2021

Appendix 11N (new), Other Flow-Related Upstream Analyses

6/1/2021-6/14/2021

Appendix 110 (new), Anderson-Martin Models

6/1/2021-6/14/2021

Appendix 11P {(new), Riverine Flow-Survival

Appendix 11Q (new), Other Bay-Delta Species Analyses

Appendix 20A (formerly 24A), Methodology for Air Quality and GHG Emissions Calculations

Appendix 28A (new), Climate Change

6/1/2021-6/14/2021

6/1/2021-6/14/2021
6/1/2021-6/14/2021

6/1/2021-6/14/2021

hdrine.comfoliow-us
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From: Alicia Forsythe <gforsythe@sitesproisct.org>

Sent: Monday, May 10, 2021 5:12 PM

To: Amy. Young@water.ca.gov, Montgomery, Amanda@Waterboards <amanda.montpomery @waterboards.ca.gov>;
Davis-Fadtke, Kristal@Wildlife <ivristal. davis-fadtks Bwildlife.ca.gov>; Okita, David@DWR <David Okita@walsr.ca.gov>;
Cooke, Robert@DWR <Rabert Cocke@water.ca.gov>; Biondi, Oscar@Waterboards <(iscar Biondi@waterboards.ca. gov>
Cc: Laurie Warner Herson <lgurie warner.herson@phenixenv.com>; Fisher, Linda <Linda. Fisher@hdrinc.com>

Subject: RE: Sites Reservoir Project - Responsible Agency Review - Next Batch of Chapters

CAUTION: [EXTERNAL] This email originated from outside of the organization. Do not click links or open attachments
unless you recognize the sender and know the content is safe.

Responsible Agency Reps — The Group 1 Chapters are posted to a SharePoint site for your review and input. You will be
receiving an email from Linda Fisher shortly with access information. It would likely be best if you download the files
and share in your organization and then re-post them with comments. We can give others access to SharePoint also if
you would like. If you have any issues accessing the files or need access for anyone else, please contact Linda.

Just a reminder that these chapters are due by COB, Monday, May 24. We appreciate your review and input on these
chapters.

Also a few folks have asked for a listing of all chapters to understand the bigger picture. We will get that out tomorrow.

Ali

Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsythe@sitesproject.org | www.SitesProject.org

CONFIDENTIALITY NOTICE: This communication with its contents may contain confidential and/or legally privileged information. 1t is saiely for
the use of the intended recipient{s}). Unauthorized intercention, review, use or disclosure is prohibited and may viclate applicabie laws
including the Electronic Communications Privacy Act. {f you are not the intended recipient, please contact the sendar and desiroy all copies of
the communication,

From: Alicia Forsythe

Sent: Tuesday, May 4, 2021 4:15 PM

To: 'Amy.Young@water.ca.gov' <Ay Young@water.ca.zov>; 'Montgomery, Amanda@Waterboards'

<Amanda. Montgomery@waterboards.ca.gov>; Kristal Davis Fadtke (Erisial. Davis-Fadtke@wildlife. ca gsov) <Kristal Davis-
Fadtke@wildiife.ca gov>; 'Okita, David@DWR' <David Okita i water.ca.pov>; Cooke, Robert@DWR

<RBobert Cockefhwater.ca.gov>; 'Biondi, Oscar@Waterboards' <(scar, Biondi@waterboards.ca.gow>

Cc: Laurie Warner Herson <lauris. warner.herson@phenixenv.com>

Subject: Sites Reservoir Project - Responsible Agency Review - Next Batch of Chapters

Responsible Agency Reps — Thank you for taking the time to review Chapters 1 to 4 of the Revised Draft
EIR/Supplemental Draft EIS. We are working to incorporate the comments we received.

We are diligently working on the remainder of the Admin Draft document. Chapters are coming to the Authority in
“Groups” from ICF as they are completed. We expect to be able to transmit the following chapters as associated
appendices on Monday, May 10 for your review. Note that | have identified the Responsible Agency review by
chapter. If you would like chapters that | currently do not have identified for your review, please let me know.

Chapter 7, Fluvial Geomorphology — CDFW, SWRCB
Chapter 8, Groundwater Resources — DWR
Chapter 9, Vegetation Resources — CDFW, SWRCB
Chapter 10, Wildlife Resources — CDFW, SWRCB
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Chapter 17, Energy

Chapter 18, Navigation, Transportation and Traffic

Chapter 22, Cultural Resources

Comments on these “Group 1” chapters will be due Monday, May 24.

The next batch of Chapters will be available around May 31.

Ali

Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsythe@sitesproject.org | www.SitesProject.org

CONTFIDENTIALITY NOTICE: This communication with its contents may contain confidential and/or ltegally priviteged information. 1L is solaly for
the use of the intended recipient(s}). Unauthorized interception, review, use or disclosurs is prohibited and may viciate applicabis laws
including the Electronic Communicatinns Privacy Act. I vou are not the intended recipient, pieass contact the sendar and destroy all copies of
the communication.

From: Alicia Forsythe

Sent: Wednesday, March 24, 2021 10:13 AM

To: Amy. Young@water.ca.gov; Montgomery, Amanda@Waterboards <Amanda. Montsomery@waterboards.ca.gov>;
Kristal Davis Fadtke (Kristal. Davis-Fadtke@wildlife.ca.zov) <Bristal. Davis-Fadtke @ wildlife, ca gov>; Okita, David@DWR
<David Okita@water.ca.goy>; Cooke, Robert@DWR <Bobert Cocke@waler.ca.gov>; Biondi, Oscar@Waterboards
<Ciscar. Riondi@waterboards.ca.gov>

Cc: Laurie Warner Herson <laurie warnse herson@phenixeny com>

Subject: RE: Sites Reservoir Project - Responsible Agency Review of Chapters 1 to 4; Due 4/21 (2 of 2 Emails)

Attached is Chapter 2. This is the same version of Chapter 2 that the Authority released to the public on February 19.

Ali

Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsythe @sitesproject.org | www.SitesProject.org

CONFIDENTIALITY NOTICE: This communication with its contents may contain confidential and/or fegally priviieged information. It is soisly for
the use of the intendead recipient{s}). Unauthorized intarception, review, use or disciosure is prohibited and may viclate applicabis laws
including the Electronic Coramunications Privacy Act. If you are not the intended recipierd, piease cordact the sendar and destroy all copies of
the communication.

From: Alicia Forsythe

Sent: Wednesday, March 24, 2021 10:07 AM

To: Amy. Young@water.ca.gov, Montgomery, Amanda@Waterboards <Amanda. Montgomery@waterboards.ca.gov>;
Kristal Davis Fadtke (Kristal Davis-Fadike@wildiife.cazov) <Kristal. Davis-Fadtke @wildlife.ca gov>; Okita, David@DWR
<David. Okita@water. ca.gov>; Cooke, Robert@DWR <Rebert. Cooke@water.ca.g0v>; Biondi, Oscar@Waterboards
<Cscar Riondi@waterboards.cagov>

Cc: Laurie Warner Herson <laurie warnsr. herson@phenixeny.com>

Subject: Sites Reservoir Project - Responsible Agency Review of Chapters 1 to 4; Due 4/21 (1 of 2 Emails)

Responsible Agency Reps — The Sites Authority has prepared preliminary drafts of Chapters 1, 2, 3, and 4 of the our
upcoming Revised Draft EIR, which is scheduled for release in August. These chapters cover the following topics:

1 —Introduction
2 — Project Description {same as previously sent to some of you)
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3 — Environmental Analysis Approach
4 — Regulatory and Environmental Compliance: Project Permits, Approvals, and Consultation Requirements

These preliminary draft chapters are attached. As an agency that may be taking a CEQA action on the Project, we
welcome your review and input on these preliminary chapters. We would like to received input by April 21. Please feel
free to make changes, using track changes and/or comment bubbles in the files.

These preliminary draft chapters have also been distributed by Reclamation to a number of federal agencies that are
Cooperating Agencies under NEPA. And as a reminder, these preliminary chapters are not for public review and should
not be distributed to the public unless required to do so by law.

We continue to work on the remainder of the document and will get you additional preliminary draft chapters as they
become available.

We appreciate and look forward to your feedback. If you have any questions or concerns, please feel free to contact
me. We are also happy to host a call and walk the group through these chapters if folks would find that helpful — just let
me know.

(Note, this email includes Chapters 1, 3, and 4. Chapter 2 will be sent in a separate email due to file size.)

Ali

Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsythe@sitesproject.org | www.SitesProject.org

CONFIDENTIALITY NOTICE: This communication with its contents may coniain confidential and/or legally privileged information. it is solely for
the use of the intendad recipient{s}. Unauthorized interception, raview, use or disclosurs is prohibited and may vialate applicabis laws
including the Electronic Comamunications Privacy Act. if you are not the intended recipient, please contact the sender and destroy all copies of
the communication.

Draft_0009794



From: Janis Offermann [janis@horizonh20.com]

Sent: 6/4/2021 12:56:00 PM

To: Laurie Warner Herson [laurie.warner.herson@phenixenv.com]; Alicia Forsythe [aforsythe@sitesproject.org]; Kevin
Spesert [kspesert@sitesproject.org]

Subject: RE: Yocha Dehe Meeting today

Hi, all

| got a call from Laverne earlier this morning. He reported that he had talked with Anecita Agustinez, DWR’s tribal
liaison, yesterday and had explained the situation with the site records. Anecita was quick to say that DWR would
digitize the site records for Yocha Dehe. That would be great, but | let Laverne know about our recent communications
with the NODOS managers on the topic, and then followed up leaving a voicemail to Anecita and by forwarding Amy
Lyons’ email to her to bring her up to date. Anecita, Amy, Jackie Waite (DWR'’s lead archaeologist), and | are going to
meet late next week to discuss the issue. | don’t know that either Amy or Jackie are the decision-makers on the topic,
but it is a start. That meeting would likely be followed by a meeting with DWR and Laverne. In any case, Anecita’s
participation and willingness to help demonstrates the importance of issue to her and DWR. If anyone can convince
DWR management and attorneys to release the site records to the tribes, it is Anecita.

It makes me hopeful that there will be a quick resolution.

However, the meeting with Laverne has been cancelled for today. We did talk a little though, and the tribe is mostly
concerned about locations with human remains, as we knew it would be. | reiterated that we know about the 2
cemeteries and | also mentioned the only other site with confirmed human remains at the south end of the reservoir. |
asked him if he was primarily concerned about the large village sites with the potential to contain burials and he said
yes. The really big concern is the erosion factor as the reservoir level changes and the exposure of human remains,
which we had heard before. He would like to be able to visit the sensitive sites and use ground-penetrating radar to try
to locate burials. | mentioned using cadaver dogs, and he was also in favor of using those. So the issue is identifying
those sites that are most likely to contain burials and are at risk for erosion, and determining treatment. We did not
discuss treatment.

That's it for today. | will keep you posted on the meeting with DWR next week. Should | ask Anecita to include you in
the invitation?

Thanks
Janis

Janis Offermann

Cultural Resources Practice Leader
Horizon Water and Environment
400 Capitol Mall, Suite 2500
Sacramento, CA 95814
916.465.8076 — office
530.220.4918 — mobile

From: Laurie Warner Herson <laurie.warner. herson@phenixenv.com>

Sent: Friday, June 04, 2021 7:35 AM

To: Alicia Forsythe <aforsythe@sitesprolect. org>; Janis Offermann <ianizs@horizonhZo.com>
Subject: RE: Yocha Dehe Meeting today
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Janis — I'll also be available if needed, you can text or call if something comes up. Please pass on our thanks to Laverne
for the opportunity to meet and that we will follow up with him.

Unfortunately, | don’t think we can share the draft cultural and TCR chapters with the tribes at this point. What | would
like is some input from the tribes on mitigation. | believe we can do more than we have identified in the draft CRMP and
the TCR mitigation. | think we will want to set up a meeting in July to discuss our mitigation approach.

From: Alicia Forsythe <aforsythe@sitesproject.orp>

Sent: Friday, June 4, 2021 7:22 AM

To: Janis Offermann <janis@horizonhio.com>; Laurie Warner Herson <laurie warnar.herson@phenixsnv.com>
Subject: Re: Yocha Dehe Meeting today

Thanks all. | won’t attend. | should be around if something comes up.

Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
atorsythe@sitesprolectorg | www, SitesProject.or

From: Janis Offermann <janisi@horizonh2o.com>

Sent: Friday, June 4, 2021 6:51:24 AM

To: Laurie Warner Herson <izuriewarner. hersson@phenixenv.oom>
Cc: Alicia Forsythe <aforsythe @sitesproject.org>

Subject: RE: Yocha Dehe Meeting today

Hi, Laurie

Yes, we will sit down with the maps we have provided that show the site locations. | am hoping that they will identify
specific areas that they are particularly concerned about and that | will be able to provide them with some information
about the kinds of sites that are within those areas.

| don’t really think it is necessary for you or Ali to site in, but you are welcome to. It might be a bit tedious, though.
Thanks

Janis

Janis Offermann

Cultural Resources Practice Leader
Horizon Water and Environment
400 Capitol Mall, Suite 2500
Sacramento, CA 95814
916.465.8076 — office
530.220.4918 — mobile

From: Laurie Warner Herson <lauris.warnar. herson@pheniseny.com
Sent: Friday, June 04, 2021 6:46 AM

To: Janis Offermann (Janisi@ HorizonhZo.com) <lanis@ HarizonhZo.com>
Cc: Alicia Forsythe <aforsythefisitesproject. org>

Subject: Yocha Dehe Meeting today

Janis, I'm assuming that the meeting this afternoon is to walk through the site locations and descriptions with Laverne.
Do you want Ali and/or | to sit on this?
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Laurie Warner Herson
Principal/Owner

Phenix

Environmental Planning

916.201.3935

laurie warner.herson@phenixenv.com

State of California Small Business (#1796182)

Supplier Clearinghouse Women Business Enterprise (#16000323)

http://phenixenv.com/
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From: Laurie Warner Herson [laurie.warner.herson@phenixenv.com]

Sent: 6/4/2021 1:32:22 PM

To: Janis Offermann [janis@horizonh20.com]; Alicia Forsythe [aforsythe@sitesproject.org]; Kevin Spesert
[kspesert@sitesproject.org]

Subject: RE: Yocha Dehe Meeting today

Great — thanks for keeping this moving. | am assuming that you will also inform the cultural team so everyone is on the
same page. The cultural team needs to fully revise Chapter 22, Cultural Resources and this is information (highlighted in
yellow) will help them in their revisions - as well as in updating Chapters 23, Tribal Cultural Resources.

From: Janis Offermann <janis@horizonh2o0.com>

Sent: Friday, June 4, 2021 12:56 PM

To: Laurie Warner Herson <laurie.warner.herson@phenixenv.com>; Alicia Forsythe <aforsythe@sitesproject.org>; Kevin
Spesert <kspesert@sitesproject.org>

Subject: RE: Yocha Dehe Meeting today

Hi, all

| got a call from Laverne earlier this morning. He reported that he had talked with Anecita Agustinez, DWR’s tribal
liaison, yesterday and had explained the situation with the site records. Anecita was quick to say that DWR would
digitize the site records for Yocha Dehe. That would be great, but | let Laverne know about our recent communications
with the NODOS managers on the topic, and then followed up leaving a voicemail to Anecita and by forwarding Amy
Lyons’ email to her to bring her up to date. Anecita, Amy, Jackie Waite (DWR's lead archaeologist), and | are going to
meet late next week to discuss the issue. | don’t know that either Amy or Jackie are the decision-makers on the topic,
but it is a start. That meeting would likely be followed by a meeting with DWR and Laverne. In any case, Anecita’s
participation and willingness to help demonstrates the importance of issue to her and DWR. If anyone can convince
DWR management and attorneys to release the site records to the tribes, it is Anecita.

It makes me hopeful that there will be a quick resolution.

However, the meeting with Laverne has been cancelled for today. We did talk a little though, and the tribe is mostly
concerned about locations with human remains, as we knew it would be. | reiterated that we know about the 2
cemeteries and | also mentioned the only other site with confirmed human remains at the south end of the reservoir. |
asked him if he was primarily concerned about the large village sites with the potential to contain burials and he said
yes. The really big concern is the erosion factor as the reservoir level changes and the exposure of human remains,
which we had heard before. He would like to be able to visit the sensitive sites and use ground-penetrating radar to try
to locate burials. | mentioned using cadaver dogs, and he was also in favor of using those. So the issue is identifying
those sites that are most likely to contain burials and are at risk for erosion, and determining treatment. We did not
discuss treatment.

That's it for today. | will keep you posted on the meeting with DWR next week. Should | ask Anecita to include you in
the invitation?

Thanks
Janis

Janis Offermann

Cultural Resources Practice Leader
Horizon Water and Environment
400 Capitol Mall, Suite 2500
Sacramento, CA 95814
916.465.8076 — office
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530.220.4918 — mobile

From: Laurie Warner Herson <laurie warner herson@phenixenv.com>

Sent: Friday, June 04, 2021 7:35 AM

To: Alicia Forsythe <aforsythe@sitesprolect.org>; Janis Offermann <ianis@horizonhZo.com>
Subject: RE: Yocha Dehe Meeting today

Janis — I'll also be available if needed, you can text or call if something comes up. Please pass on our thanks to Laverne
for the opportunity to meet and that we will follow up with him.

Unfortunately, | don’t think we can share the draft cultural and TCR chapters with the tribes at this point. What | would
like is some input from the tribes on mitigation. | believe we can do more than we have identified in the draft CRMP and
the TCR mitigation. | think we will want to set up a meeting in July to discuss our mitigation approach.

From: Alicia Forsythe <aforsythe@sitesproisct.org>

Sent: Friday, June 4, 2021 7:22 AM

To: Janis Offermann <ianis@horizonh2o.com>; Laurie Warner Herson <laurie. warner.herson@phenixenv.com>
Subject: Re: Yocha Dehe Meeting today

Thanks all. | won’t attend. | should be around if something comes up.

Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsythe@sitesprolect.org | www SitesProlect.org

From: Janis Offermann <janis@horizonhZo.com>

Sent: Friday, June 4, 2021 6:51:24 AM

To: Laurie Warner Herson <{zurie. warner.herson@phenbenv.ocom>
Cc: Alicia Forsythe <aforsythef@sitesprolect. ore>

Subject: RE: Yocha Dehe Meeting today

Hi, Laurie

Yes, we will sit down with the maps we have provided that show the site locations. | am hoping that they will identify
specific areas that they are particularly concerned about and that | will be able to provide them with some information
about the kinds of sites that are within those areas.

I don’t really think it is necessary for you or Ali to site in, but you are welcome to. It might be a bit tedious, though.
Thanks

Janis

Janis OFFcrmann

Cultural Resources Practice Leader
Horizon Water and Environment
400 Capitol Mall, Suite 2500
Sacramento, CA 85814
916.465.8076 — office
530.220.4918 — mobile
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From: Laurie Warner Herson <laurie warner herson@phenixenv.oom>
Sent: Friday, June 04, 2021 6:46 AM

To: Janis Offermann (Janisi@HorizonhZ2o.com) <lanis@HorizanhZo.com>
Cc: Alicia Forsythe <aforsythe @sitesproiect.org>

Subject: Yocha Dehe Meeting today

Janis, I'm assuming that the meeting this afternoon is to walk through the site locations and descriptions with Laverne.
Do you want Ali and/or | to sit on this?

Laurie Warner Herson
Principal/Owner

phenix

Environmental Planning

916.201.3935

laurie.warner.herson@phenixenv.com

State of California Small Business (#1796182)

Supplier Clearinghouse Women Business Enterprise (#16000323)

http://phenixenv.com/
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From: Janis Offermann [janis@horizonh20.com]

Sent: 6/4/2021 1:34:24 PM

To: Alicia Forsythe [aforsythe@sitesproject.org]; Laurie Warner Herson [laurie.warner.herson@phenixenv.com]; Kevin
Spesert [kspesert@sitesproject.org]

Subject: RE: Yocha Dehe Meeting today

Thanks for the quick reply, Ali. Yocha Dehe has their own GPR equipment, so they want use that. As for the cadaver
dogs, they are quite efficient at finding human remains that are thousands of years old in archaeological sites. They are
amazing pups!

From: Alicia Forsythe <aforsyihe@sissproject org>

Sent: Friday, June 04, 2021 1:27 PM

To: Janis Offermann <ianis@horizonhZo.com>; Laurie Warner Herson <lgurie. warner.herson@phenbenv.oom>; Kevin
Spesert <kspeserii@sitesprolect.org>

Subject: RE: Yocha Dehe Meeting today

This is fantastic. Thanks Janis. | will be out next week, so wont be able to participate in the DWR discussion. | do think it
would be good to include Laurie and Kevin if they can participate. It would be fabulous if DWR gave this data directly.

I don’t know the cost of ground penetrating radar. Cadaver dogs seem like it wouldn’t be too costly. But since there is
likely no tissue left (or at least not much), can they find buried individuals from so long ago? No need to answer

that. Anyway, | think it’s in the Authority’s interest to do something like ground penetrating radar in the most likely
areas. We want to respect these individuals and their families and if we can find them and relocate intentionally rather
than once they are impacted by wave erosion — that would be the absolute best scenario. | would support doing ground
penetrating radar to the Board.

Ali

Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsythe @sitesproject.org | www.SitesProject.org

CONFIDENTIALITY NOTICE: This communication with its contents may contain confidential and/or legally priviieged information. It is soisly for
the use of the intendad recipient{s}. Unauthorized interception, review, use or disclosures is prohibited and may vislate applicabis laws
including the Electronic Coramunications Privacy Act. If yvou are not the intended recipierd, piease cordact the sendar and destroy all copies of
the communication.

From: Janis Offermann <ianisi@horizonh2o.com>

Sent: Friday, June 4, 2021 12:56 PM

To: Laurie Warner Herson <laurie. warner. hersoni@phenienv.oom>; Alicia Forsythe <aforsythe@sitesproject.org>; Kevin
Spesert <kspeseri@siiesprojsct org>

Subject: RE: Yocha Dehe Meeting today

Hi, all

| got a call from Laverne earlier this morning. He reported that he had talked with Anecita Agustinez, DWR’s tribal
liaison, yesterday and had explained the situation with the site records. Anecita was quick to say that DWR would
digitize the site records for Yocha Dehe. That would be great, but | let Laverne know about our recent communications
with the NODOS managers on the topic, and then followed up leaving a voicemail to Anecita and by forwarding Amy
Lyons’ email to her to bring her up to date. Anecita, Amy, Jackie Waite (DWR’s lead archaeologist), and | are going to
meet late next week to discuss the issue. | don’t know that either Amy or Jackie are the decision-makers on the topic,
but it is a start. That meeting would likely be followed by a meeting with DWR and Laverne. In any case, Anecita’s
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participation and willingness to help demonstrates the importance of issue to her and DWR. If anyone can convince
DWR management and attorneys to release the site records to the tribes, it is Anecita.
It makes me hopeful that there will be a quick resolution.

However, the meeting with Laverne has been cancelled for today. We did talk a little though, and the tribe is mostly
concerned about locations with human remains, as we knew it would be. | reiterated that we know about the 2
cemeteries and | also mentioned the only other site with confirmed human remains at the south end of the reservoir. |
asked him if he was primarily concerned about the large village sites with the potential to contain burials and he said
yes. The really big concern is the erosion factor as the reservoir level changes and the exposure of human remains,
which we had heard before. He would like to be able to visit the sensitive sites and use ground-penetrating radar to try
to locate burials. | mentioned using cadaver dogs, and he was also in favor of using those. So the issue is identifying
those sites that are most likely to contain burials and are at risk for erosion, and determining treatment. We did not
discuss treatment.

That's it for today. | will keep you posted on the meeting with DWR next week. Should | ask Anecita to include you in
the invitation?

Thanks
Janis

Janis Offermann

Cultural Resources Practice Leader
Horizon Water and Environment
400 Capitol Mall, Suite 2500
Sacramento, CA 95814
916.465.8076 — office
530.220.4918 — mobile

From: Laurie Warner Herson <lauris warner. herson@phenixenv.com>

Sent: Friday, June 04, 2021 7:35 AM

To: Alicia Forsythe <aforsyvthe@isitesproject.org>; Janis Offermann <ignis@horizonhZo.com>
Subject: RE: Yocha Dehe Meeting today

Janis — I'll also be available if needed, you can text or call if something comes up. Please pass on our thanks to Laverne
for the opportunity to meet and that we will follow up with him.

Unfortunately, | don’t think we can share the draft cultural and TCR chapters with the tribes at this point. What | would
like is some input from the tribes on mitigation. | believe we can do more than we have identified in the draft CRMP and
the TCR mitigation. | think we will want to set up a meeting in July to discuss our mitigation approach.

From: Alicia Forsythe <aforsythe@sitasprojedt. org>

Sent: Friday, June 4, 2021 7:22 AM

To: Janis Offermann <ianis@horizonhZo.com>; Laurie Warner Herson <lgurie. warner. herson@phenbenv.oom>
Subject: Re: Yocha Dehe Meeting today

Thanks all. | won't attend. | should be around if something comes up.
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Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsyihe @silesprolectorg | www SitesProjeciorg

From: Janis Offermann <ianis@horizonhZo.coms>

Sent: Friday, June 4, 2021 6:51:24 AM

To: Laurie Warner Herson <iauris warner herson@pheniveny.com>
Cc: Alicia Forsythe <aforsythe @sitesproisct.ore>

Subject: RE: Yocha Dehe Meeting today

Hi, Laurie

Yes, we will sit down with the maps we have provided that show the site locations. | am hoping that they will identify
specific areas that they are particularly concerned about and that | will be able to provide them with some information
about the kinds of sites that are within those areas.

I don’t really think it is necessary for you or Ali to site in, but you are welcome to. It might be a bit tedious, though.
Thanks

Janis

Janis OFFcrmann

Cultural Resources Practice Leader
Horizon Water and Environment
400 Capitol Mall, Suite 2500
Sacramento, CA 95814
916.465.8076 — office
530.220.4918 — mobile

From: Laurie Warner Herson <lgurie.warner. herson@phenixenvoom>
Sent: Friday, June 04, 2021 6:46 AM

To: Janis Offermann (Janis@Horizonh2o.com) <lanis@HorizonhZo.com>
Cc: Alicia Forsythe <aforsythe @sitesproject.org>

Subject: Yocha Dehe Meeting today

Janis, I'm assuming that the meeting this afternoon is to walk through the site locations and descriptions with Laverne.
Do you want Ali and/or | to sit on this?

Laurie Warner Herson
Principal/Owner

Phenix

Environmental Planning

916.201.3935

laurie. warner.herson@phenixenv.com

State of California Small Business (#1796182)

Supplier Clearinghouse Women Business Enterprise (#16000323)

http://phenixenv.com/
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From: Luu, Henry [Henry.Luu@hdrinc.com]

Sent: 6/8/20219:13:31 AM
To: Marcia Kivett [MKivett@sitesproject.org]
Subject: RE: Favor

Attachments: Feasibility Design Considerations TM.pdf; HR_Feasibility Cost Estimate TM.pdf; HC_Feasibility Design Basis of
Estimate.pdf

Hi Marcia,

Sorry for the delay...l am in meetings all morning. Attached are the documents highlighted in yellow. I've also made
minor edits to the email language, which is highlighted in green. Let me know if | can help with additional clarifications.

Thank you

£ 918.870.8857

918.754. 7588

hcdrine. comfoliow-us

From: Marcia Kivett <MKivett@sitesproject.org>
Sent: Tuesday, June 8, 2021 8:17 AM

To: Luu, Henry <Henry.Luu@hdrinc.com>
Subject: Favor

Importance: High

CAUTION: [EXTERNAL] This email originated from outside of the organization. Do not click links or open attachments
unless you recognize the sender and know the content is safe.

Before | send this out, can you send me the documents or links to the below 3 documents so | can have them posted
first?

Reservoir Committee Participants,

As you know, the project team has been working with Reservoir Committee workgroups over the past 3 months to
develop a feasibility design cost estimate that incorporates the latest design information and value engineering options
for the project alternatives. The final feasibility cost estimate is scheduled to be considered for acceptance at this
month’s Joint Reservoir Committee/Authority Board meeting on June 23, 2021.

This work has resulted in a feasibility design cost estimate increase of ~30% (in 2021 dollars) over the appraisal level cost
estimate that came out of value planning. To assis communicating the cost changes to your agency’s
management, boards and councils the project team has put together the attached communications messages. We're
getting these to you in advance of the June 23 meeting so that your internal communications can occur prior to the
public release of the estimate. Also, for those of you seeking additional details about the cost estimate, we have placed
the following reference documents on the participant web portal (hitps://sitesprolect. org/participant-portal-

documsnts/):

1. Feasibility Design Considerations TM — a brief summary of the Sites Project Authority feasibility design and
considerations.

2. HR Feasibility Cost Estimate TM — basis of feasibility cost estimate for the reservoir and roadway project
features.

3. HC Feasibility Design Basis of Estimate — basis of feasibility cost estimate for the conveyance project features.
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As a reminder, the project cost estimate is one of several factors that affect the project’s affordability. The project team
all of the updated information around affordability at our July 23 affordability workshop.

Please don’t hesitate to reach out to me Henry Luu if there is anything else you need in this regard.

Jerry

Jerry Brown | Executive Director | Sites Reservoir Project | 925.260.7417
| rrown@sitesprofect.org | www, SitesProject.org

CONFIDENTIALITY NOTICE: This communication with its contents may contain confidential and/or legaily privileged information. it is soiely for
the use of the intendad recipient{s). Unauthorized interception, raview, use or disclosurs is prohibited and may vislate applicabia laws
including the Electronic Communications Privacy Act, If you are not the intended recipient, please contact the sender and destroy all copies of
the communication.

Marcia Kivett

Sites Project Admin

Phone: 561.843.9740

Email: mkivett@sitesproject.org
Web: www SitesProject.org
P.O. Box 517

122 Old Hwy 99W

Maxwell, CA 95955
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Feasibility Design Considerations
Technical Memorandum

To: Jerry Brown

Date:

From: Henry Luu

Subject: Summary of Feasibility Design Progression and Considerations
1.0 Introduction

In the fall of 2019, the Sites Project Authority (SPA) undertook a value planning effort that assessed the
“right size” project based on overall objectives, participation levels, and expected permitting criteria.
This assessment resulted in a project that utilize existing conveyance systems for water diversions and
releases. Water will be diverted from the Sacramento River at the existing Red Bluff Pumping Plant and
the Hamilton City Main Pump Station, and conveyed to Sites Reservoir via the Tehama Colusa Canal
Authority canal (TCC) and the Glenn Colusa Irrigation District main canal (GCID); water releases will also
occur through TCC and GCID facilities. Releases to the TCC will flow south towards its terminus where
the project will construct the Dunnigan pipeline to discharge into the Colusa Basin Drain {(CBD) or the
Sacramento River. If releases are to the CBD, then water will be carried downstream to Knights Landing
where discharge to the Sacramento River will be controlled by the Knights Landing Outfall Gates, or
through Knights Landing Ridge Cut and the Wallace Weir to the Yolo Bypass. This value planning effort
culminated in the development of the Sites Project Value Planning Alternatives Appraisal Report in April
2020.

2.0 Feasibility Design Development

In the summer of 2020, the SPA began development of feasibility level design in support of the Revised
Draft Environmental Impact Report and Supplemental Draft Environmental Impact Statement (RDEIR-
SDEIS) that included two project alternatives:

oo Alternative 1 major project features consist of a 1.5 million-acre-foot (MAF) reservoir,
realignment of Sites Lodoga Road across the proposed reservoir via bridges, and the Dunnigan
Pipeline connecting the terminus of TCC to the CBD.

o Alternative 2 major project features consists of a 1.3 MAF reservoir, redirecting access between
the towns of Stonyford and Sites through a new road alignment that wraps around the southern
limit of the proposed reservoir, and the Dunnigan Pipeline connecting the terminus of the TCC
to the Sacramento River.

The feasibility level designs for the above two alternatives were completed in the fall of 2020 and
included developments of the basis of design technical memorandums (TM) and 10% design level
project plans.

6/6/2021 TECH MEMO | Feasibility Design Considerations TM.Docex 1
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3.0 Value Engineering

In the winter of 2021, the SPA developed preliminary project schedules and constructability analysis for
the two project alternatives to inform development of the RDEIR-SDEIS and support preparation of an
updated project cost estimate. During development of the updated project cost estimate it became
clear that there were several drivers that increased the project cost significantly from what was
presented as part of the value planning efforts in 2019/2020. Concerns of project affordability led the
SPA to review and adopt several value engineering (VE) proposals to mitigate the cost increase, which
included the following:

o Replacing the dual I/O tunnel design with one large single tunnel.

o Replacing the vertical intake with a sloping structure.

o Removing the west bridge span of the Sites Lodoga realignment (Alternative 1) and replacing it
with embankment fill.

o Removing the high-level emergency release structures in vicinity of Saddle Dam 3 and Saddle
Dam 5, and accounting for additional releases at the proposed low-level emergency release
structures.

o Relocated the Terminal Regulating Reservoir {TRR) features from the east side of GCID to the
west side of GCID.

4.0 Design Considerations

Consideration and evaluations of the adopted VE proposals adhered to the design criteria established in
the fall of 2020 and meets standard industry practice. Given that the project is in the early stages of
design, updates to the design criteria may occur as the project progresses beyond feasibility level and in
coordination with agencies such as the California Department of Water Resources Division of Safety of
Dams {DSOD).

6/6/2021 TECH MEMO | Feasibility Design Considerations TM.Docex 2
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From: Hawk,Nina E [NHawk@mwdh2o.com]

Sent: 6/8/2021 4:30:38 PM

To: laurie.warner.herson@phenixenv.com

CC: Neudeck,Randall D [rneudeck@mwdh20.com]; Alicia Forsythe [aforsythe@sitesproject.org]
Subject: FW: Catch up on Sites Envr Planning

Attachments: Confidentiality Agreement Sites-MWD.pdf

Hello Laurie,

I sent an email to Ali and see she is enjoying some much deserved time away (on vacation). | wanted to specifically
request that MWD receive copies of the EIR and EIS chapters for review. Our understanding is some chapters have
already been shared with regulatory agencies, including fishery agencies, and our team has not seen them.

Is there an easy share drive and/or link that can be provided for access? | have included a copy of the Confidentially
Agreement for your ease that covers the sharing of such information (EIR and CEQA documents) which was executed for
this purpose.

Thank you and any questions please let me know.
Look forward to hearing from you.

Nina E. Hawk

Bay Delta Initiatives Policy Manager

Mobile: {510} 299-8289

nhawk@mwdhiocom

Metropolitian Water District of Southern California
1121 L Street Ste. 900, Sacramento, CA 85814

TROPCLITAN WATER INSTRICT
SEHIERN CAEFORNIA

From: Alicia Forsythe <aforsythe @sitesproject.org>

Sent: Tuesday, June 8, 2021 4:23 PM

To: Hawk,Nina E <NHawk@mwdh2o0.com>

Subject: Automatic reply: Catch up on Sites Envr Planning

Thank you for your email. | am on vacation from June 5 to June 20. | will have limited access to email and cell reception.

If you need immediate help, please contact the following individuals:

For Sites Planning, Laurie Warner Herson at {aurie. warner. herson@phsnixenv.com

For Sites Permitting, John Spranza at Jghn.Spranza@hdrinc.com

For Sites Water Operations, Erin Heydinger at Lrin Heydinger@hdrinc.com

| will return your message as soon as possible. Thank you!
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Ali

Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsythe@sitesproject.org | www.SitesProject.org
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From: Bruce Linquist [balinquist@ucdavis.edu]

Sent: 6/8/2021 5:03:26 PM

To: Spranza, John [john.spranza@hdrinc.com]; Huber, Anne [Anne.Huber@icf.com]; Tim Johnson
[tiohnson@calrice.org]; pbuttner@calrice.org; Alicia Forsythe [aforsythe@sitesproject.org]; Diana.Roberts@icf.com;
Laurie Warner Herson [laurie.warner.herson@phenixenv.com]; Williams, Nicole (Nicole.Williams@icf.com)
[Nicole.Williams@icf.com]

Subject: Rice papers on Hg and As

Attachments: 2018 Tanner et al MeHg in Sac Valley rice fields.pdf; 2017 Tanner et al MeHg Sac Valley - JEQ.pdf; 2016 LaHue et al
CA AWD.pdf; 2018 Carrijo et al FCR AWD yields and As.pdf

HiJohn et al,
Attached are some papers related to Hg and As in rice. The first two are related to Hg. One is a review of CA literature
and the other has actual data.

The arsenic papers have relatively little about the influence of water; however, from those you will see some values on
rice grain As. Importantly, most of the As related papers are from a single location. The values you should be looking at
are the treatments that were continuously flooded.

I hope this helps,
Bruce

From: Spranza, John <John.Spranza@hdrinc.com>

Sent: Friday, May 28, 2021 9:39 AM

To: Bruce Linquist <balinquist@ucdavis.edu>; Huber, Anne <Anne.Huber@icf.com>; Tim Johnson

<tjohnson@ calrice.org>; pbuttner@calrice.org; Alicia Forsythe <aforsythe@sitesproject.org>; Diana.Roberts@icf.com;
Laurie Warner Herson <laurie.warner.herson@phenixenv.com>; Williams, Nicole (Nicole.Williams@icf.com)
<Nicole.Williams®@icf.com>

Subject: RE: Sites Reservoir Project Agronomy and Water Quality Discussion: Doodle Poll

Hey folks, this is a friendly reminder to take the poll so | can get this scheduled.
Thanks.
John

From: Spranza, John

Sent: Wednesday, May 26, 2021 1:39 PM

To: balinguist@ucdavis.edy; Huber, Anne <Anne Hubsrd@icf com>; Tim Johnson <{iohnson@ealrice. oreg>;
buttner@calrice.org; aforsythe (aforsythe @sitesproject.org) <aforsyibe @sitesproiect org>; Diana. Roberts@icf.com;

Laurie Warner Herson <igurie.warner. herson®phenixenv.com>

Subject: RE: Sites Reservoir Project Agronomy and Water Quality Discussion: Doodle Poll

Hello,

Please use the link below to provide your availability for a meeting to discuss the topics identified in the email thread
below.

Thanks.

John

hrtos://doodle comfooll/8723nfoxeady a7 7ubm source=polif&utm medium=link
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From: Spranza, John

Sent: Tuesday, May 25, 2021 9:02 AM

To: balinaquistBucdavis.edy

Cc: Huber, Anne <&nne, Hubsr@icf com>; Tim Johnson <tighnson@oalrice . org>; phutiner@calrice org; aforsythe

(sforsyvthe@sitesprolect.org) <aforsvthe@sitesprolect.org>; Diana Robertsi@icf.com; Laurie Warner Herson

<lauriewarner herson@phenixeny.com>

Subject: Sites Reservoir Project Agronomy and Water Quality Discussion

Dr. Linquist,

| am part of the team that is leading the environmental permitting and planning effort for the Sites Reservoir

Project. We're in the midst of preparing our Revised Draft EIR/Supplemental Draft EIS and have been meeting with

environmental NGOs on the Project and Project effects.

Through our analysis efforts and discussions with Tim and Paul at the Rice Commission some concerns that have been
raised in our NGO meetings are still outstanding and we wanted to see if you had any time in the near future to speak

with us. We have the following topics we would like to discuss:

1. Optimal water temperatures for rice throughout the year. This comes into play in releases from Sites back into

the TC Canal and the GCID Main Canal.
2. Rice and mercury effects.
3. Rice and arsenic effects.

| can send out a Doodle Poll to help schedule time if that would work best for you.

Thanks

John

Senio ist / Reguiatory Specialist
HDR

2378 Gateway Oaks Drive, Suite 200

Bacramenin, OA BEE33
john.spranza@hdrinc.com

hdrine.coni/folinw-us
hdrinc.oomfoliow-us
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SURFACE WATER QUALITY

Methylmercury Dynamics in Upper Sacramento Valley Rice Fields
with Low Background Soil Mercury Levels

K. Christy Tanner,” Lisamarie Windham-Myers, Mark Marvin-DiPasquale, Jacob A. Fleck, Kenneth W. Tate,

and Bruce A. Linquist

Abstract

Few studies have considered how methylmercury {(MeHg, a
toxic form of Hg produced in anaerobic soils) production in rice
{Oryza sativa L.} fields can affect water quality, and little is known
about MeHg dynamics in rice fields. Surface water MeHg and
total Hg (THg) imports, exports, and storage were studied in two
commercial rice fields in the Sacramento Valley, California, where
soil THg was low (25 and 57 ng g7'). The median concentration
of MeHg in drainage water exiting the fields was 0.17 ng g™
{range: <0.007-2.1 ng g7'). Comparad with irrigation water,
drainage water had similar MeHg concentrations, and lower THg
concentrations during the growing season. Significantly elevated
drainage water MeHg and THg concentrations were observed
in the fallow season compared with the growing season. An
analysis of surface water loads indicates that fields were net
irnporters of both MeHg (76-110 ng m3 and THg (1947-7224 ng
m™) during the growing season, and net exporters of MeHy
(35-200 ng m™?) and THg {248-6496 ng m™%) during the fallow
season. At harvast, 190 to 700 ng MeHg m~? and 1400 to 1700 ng
THg m? were removed from fields in rice grain. Rice straw, which
contained 120 to 180 ng MekHg m™2 and 7000-10,500 ng m 2 THg
was incorporated into the soil. These results indicate that efforts
to reduce MeHg and THg exports in rice drainage water should
focus on the fallow season. Substantial amounts of Melg and
THg were stored in plants, and these pools should be consideraed
in future studies,

Core ldeas

» MeHg dynamics were studied in two rice fields with soif THy
near background levels,

» Surface water MeHyg and THy imports and experts and soil and
plant storage were quantified.

« Met surface water Mebg and THy import occurred in the growing
583501,

« Net surface water MeHg and THg export occurred in the fallow
SEasen.

» Annual MeHg and THg pools in straw and grain were similar to
surface water loads.
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YHE production of methylmercury (MeHg), a particu-
larly toxic and bicaccumulative form of Hg produced by
some anaerobic microbes, is a concern in Aooded rice
(Oryza sativa L.) fields (Compeau and Bartha, 1985; Gilmour
et al, 1992, 2013; Chan et al., 2003; Fleming et al., 2006; Kerin
et al, 2006; Parks et al, 2013; Windham-Myers et al., 2014a).
Methylmercury can accumulate in rice grain, threatening human
health (Horvat et al, 2003). Additionally, wildlife in rice fields
can be affected by MeHg produced there, and wildlife in down-
stream ecosystems can be affected by MeHg exported in rice
drainage water (Crump and Trudeau, 2009; Ackerman and
Eagles-Smith, 2010; Alpers et al, 2014).

Rescarch on rice field MeHg dynamics has been conducted
primarily in areas of known Hg pollution, such as Guizhou
Province, China (Zhangetal,, 2010b; Lietal, 2014; Mengetal,
2014; Zhao et al, 2016) and Hg-affected areas of the California
Central Valley (Eagles-Smith et al., 2014; Windham-Myers et
al, 2014a). In Hg mining areas of Guizhou Province in inland
China, human MeHg exposure through rice consumption
exceeds that from fish consumption (Feng et al, 2008; Qiu et
al., 2008; Hong et al, 2016; Zhang et al, 2010a). Many stud-
ies have compared total Hg (THg) and McHg concentrations
in rice grain and soil at sites with soil THg content ranging over
four orders of magnitude from 40 ng g™ in Thailand (Zarcinas et
al,, 2004) to 34,600 ng g near Hg mines in the Wanshan mining
district, Guizhou, China (Zhangetal, 2010b).

In places where rice is the dominant land use, export
of MeHg in rice drainage waters can potentially have large
impacts on water quality. Methylmercury in surface water can
bivaccumulate in wildlife, reaching levels in sport fish thatare a
concern for human health, and negatively affecting wildlife fit-
ness (Chan et al,, 2003; Cromp and Trudeau, 2009; Ackerman
cral., 2014). Lizde is known about Hg biogeochemical cycling
in rice ficlds or soil and water Auxes (Rothenberg et al,, 2014).
Understanding of MeHg export is further complicated by
MeHg degradation processes such as photodemethylation
(Seller eral,, 1996; Fleck et al,, 2014}, microbial demethylation
(Spangler et al, 1973; Marvin-DiPasquale ct al,, 2003), and

K.C. Tanner, KW, Tate, and B.A. Linquist, Dep. of Plant Sciences, Univ. of California,
One Shields Ave., Davis, CA 95616; K.C. Tanner, current addy Mathewr County
Extension, 710 S.W. Sth Ave,, Gregon State Univ, Ontario, OR 97914; L Windban-
Myars and M. Marvin-DiPasquale, US Geological Survey, Western Region Bureau
of Regional Research, 345 Middlefield Rel., MS 480, Menio Park, CA 924025; 14,

S Geological Survey, California Water Science Center, 8000 3 St, Placer Hall,
Sacramento, CA 95819, Assigned to Associate Editor Matthew Polizzotto.

Abbreviations: MDL, method detection limit MeHg, methylmercury: RL, reporting
fimit; THq. total mercuny: TS5, total suspended solids,
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MeHg storage within fields (Bachand et al., 2014; Windham-
Myers et al., 2014a).

Exportof MeHg fromrice fieldsisa concern in the Sacramento
Valley, California, where rice is grown on 240,000 ha of the
valley (USDA-NASS, 2016), and Hg and gold mining resulted
in Hg contamination in the surmunding mountains ( Churchill,
2000; Rytuba, 2003; Alpers et al, 2016). Downstream in
the Sacramento-San Joagquin Delta (hereafter referred to as
the “Deltd”), MeHg concentrations are clevated and negative
impacts of Hg on wildlife have been documented (Ackerman et
al., 2014). Both field-scale and watershed-scale studies report rice
ficld drainage waters have elevated MeHg concentrations and/or
loads during the fallow season {Alpers et al,, 2014; Bachand et al.,
2014; Eagles-Smith eral, 2014; Tanner et al, 2017}, when fields
are Hooded to decompose rice staw. However, the ficld-scale
studies (Alpers et al, 2014 Eagles-Smith et al, 2014) report
concentrations that are considerably higher than observed ar che
watershed scale {Tanner et al, 2017). This may be because field-
scale studies were condncted in areas known to receive Hg-faden
sediment from mining regions during flood evenes {Singer et
al., 2013), whereas sediment transport from mining areas into
the main Sacramento Valley rice-growing region is limired by
dams (Sloteon et al, 1995; Supplemental Fig. S1). Thus, there is
a need to better understand Melg export from rice fields in the
Sacramento Valley rice-growing region.

We studied rice fields in the Sacramento Valley, where soil
THg was lower than in previously studied fields in California.
Research focused on surface water imports and exports of THg
and MeHg throughout a full annual cyele, and storage of MeHg
and THg in soil and plant pools. The hypothesis that MeHg and
THgexports in surface water will be elevated in the fallow season
compared with the growing season was tested by addressing che
following objectives: (1) characterize Hg dynamics in rice fields
that were typical of California rice production, (ii) measure the
field-scale impact of rice production on Hg-related surface water
quality. Findings here will help identify periods of high MeHg
export from the fields that could be reduced by modifying man-
Agement pracrices.

Materials and Methods
Site Description

Two commercial rice fields were studied, one in Butte county
(“Butte) area: 22.1 ha) in the northeast Sacramento Valley and
the other in Yolo county {“Yolo. area: 48.6 ha) in the southwest
Sacramento Valley {Supplemental Fig. S1). The study period
started before planting in May and continued through the end
of the following fallow season in February of 2014-2015 and
2015-2016 for Butte and Yolo, respectively. Both fields had
heavy clay soils preferred for rice production (Supplemental
Table $1). The fields represent the two primary surface irrigation
water sources for rice in the region: the Sacramento River {Yolo)
and the Feather River (Butte). Yolo also reccived some recycled
irrigation water from surrounding rice fields. Butte irrigation
water was diverted from the Feather River downseream of Lake
Oroville and stored in the Thermalito Afterbay before entering
irrigation canals {Supplemental Fig, S1).

Feld Management

Both fields were managed by commercial rice growers using
common management practices and rice cultivars for Californias
Central Valley (University of California Davis Cooperative
Extension, 2015). Dates of management events were determined
by the growers (Supplemental Table §1). The fields were laser lev-
cled to ensure uniform water heighe, Irrigation water was supplied
to cach field through a single inlet. Drainage water exited fields at
the outlets through a rectangular weir. Butte had two outlets and
Yolo had seven, but drainage occurred through a single oudet per
field throughout most of the study (exceptions discussed below).

Soil tillage, field leveling, and seed-bed preparation occurred
in April. In early May, fields were flooded prior to planting and
pre-germinated rice seed was broadeast by airplane. No outflow
occurred from Butte until 10 July, and water level was managed
by adjusting inflow raees. Yolo was drained using all sudets 3 d
after planting and reflooded 3 d later—a common practice o
promote even stand establishment. Often the water level must
be lowered to expose weeds for herbicide applications, either by
turning off irrigation water and allowing the water to subside
through evapotranspiration and percolation (Butte) or a combi-
nation of surface outflow drainage and subsidence (Yolo). When
water was lowered, areas of shallow standing water were visible,
and these conditions lasted no more than 3 d. In July, water
inflow was adjusted to maintain a constant level of water in the
field with a small amount of surface water drainage (referred to
as maintenance fow). Three weeks prior to harvest in September
the fields were drained (Supplemental Table S1).

After harvest, soils were dilled to incorporate rice straw and
fiooded to promote decomposition during the winter fallow
{Linguist et al, 2006). Winter flood-up ar Butre occurred on
28 October but was delayed at Yolo until 18 December due to
water availability (Supplemental Table S1). Fields were drained
again in January {Butee) and February (Yolo).

Sample Collection

Samples of irrigation water entering the field (inlet), and
drainage water exiting the ficld ehrough the outlet weir {outlet)
were collected every 1 to 2 wk at the inler and oudlet of each
field when flow was occurring,. Inlets and outlets did not always
have flows at the same time, so sampling was targeted to capeure
cach flow period. Samples included initial inflow and outflows
during bodh the growing and fallow seasons, as well as drainage
events. There was no inflow or outflow beeween the preharvest
drain and winter flood up, so no samples were collected. Butte
received precipitation in November and December, whereas
Yolo precipitation occurred from November through February
{Supplemental Fig. $2). Precipitation occurring when fields were
not flooded resulted in soil saturation and runcff in only one
instance. This occurred at Butte in February, and a sample was
collected to capture the event {(Supplemental Fig, 52¢ and S2g).
Precipitation in November and early December at Butte did not
result in flooded conditions before the field was flooded in mid-
December. To ensure that the study sites were not anomalous,
outlets of four other commercial rice fields near each study site
were sampled during the growing season and again in the fallow
season (if looded).
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Four soil and plant sampling plots were established in cach
field, ar least 30 m from field edges. Soil samples were collected
four dmes in each field: (i) after spring dllage prior to flooding
and plantdng (May), (i} prior to drainage for harvest (Angust),
(iii) after fall dllage but before winter flooding (October), and
{iv) prior to draining the ficlds in late winter (February). Rice straw
(sterns and leaves) and grain samples were collected at harvest,

Sarmpling Methods and Mercury Analysis

All samples for MeHg and THg analysis were collecred
using trace-clean sampling techniques (USEPA, 1996). Seil
samples were collected differently depending on whether the
soil was flooded or dry and dilled. Flooded samples (August and
February) were collected as 5-cm-diam., 15-cm-deep soil cores.
At each sampling point, two cores were collected and compos-
ited. Ar Butte, these samples were subsampled into four depth
intervals (02, 4-6, 810, and 12-14 cm). No significant effect
of depth was found for McHg or THg at Burte, so only the
0- to S-cm subsample of Yolo samples was used for laboratory
analysis. When dry soil was sampled following tillage (May and
October, mixed to a depth of ~15 cm, subsampling by depth was
not possible) five scoops (each ~150 cm®) were collected from a
1-m? area and composited in a Ziploc bag. All soil samples were
field frozen with dry ice for transport and subsequently stored
at —80°C prior to subsampling and analysis. Soil samples were
analyzed for MeHg, THg, bulk density, and loss on ignition
(Marvin-DiPasquale et al,, 2011). Briefly, samples (0.5 g) were
digested with agua regia overnight and analyzed for THyg afeer
heated oxidation with BrCl according to USEPA Method 1631
(USEPA, 2002), and quantified on an automated Tekran 2600
total Hg analyzer with a method detection limit (MDL) of 7 pg
across matrices. Methylmercury samples were extracted with
25% KOH in methanol for 4 h ar 60°C and were then distilled,
cthylated (De Wild et al, 2002), and quantified on an auto-
mated MeHg analyzer (Brooks Rand, MERX unit} witha MDL
of 0.2 pg across marrices. Quality assurance measures included
analysis of certified reference marterials, laborarory duplicates,
and matrix spikes for all MeHg and THganalyses (Supplemental

0.11 and 0.065 ng g™ for THg and MeHg, respectively, and all
sediment samples had concentrations greater than the RL. New
polyethylene terephthalate (PETG) bottles were double bagged
in the laboratory prior ro water sample collection. Immediarely
before sample collection, plastic seals on bottles were removed,
and bottles were rinsed three times with sample water. Samples
were stored on ice until acidified in the field by adding 5 mL
of S0% trace-metal-clean HCL Field blanks and field dupli-
cates were collected for qualiry assurance of sampling methods
{Supplemental Tables $5 and $6). Duplicates were averaged for
data analysis. Unfiltered water samples were analyzed for THg
and MeHg as described by Marvin-DiPasquale et al. (2011),
For surface water, the MDL was 0.007 ng L™ for MeHg and
0.1 ng L™ for THg. Reporting limits were 0.02 and 0.3 ng L™
for MeHg and THg, respectively. For samples less than the
MDL, estimated values based on inscament readings were used
in statistical analysis. Water samples were also analyzed for total
suspended solids (TSS) by USEPA Method 160.2 {USEPA,
1983). Briefly, 2 known volume of sample is filtered through

a preweighed, 1.2-um glass fiber filter, which is then dried at
165°C to a constant weight.

Rice yield was determined at physiological macurity by har-
vesting the rotal aboveground biomass from a 1-m® quadrant at
cach sampling point (n = 4), from which 10 to 15 tillers were col-
lected and separated into straw and panicle pordons for MeHg
and THg analysis. Samples were stored in plastic bags, wans-
ported on dry ice, and stored at —80°C. We chose to analyze
rough rice (unmilled rice with the husk intact) to better represent
all material (and associated MeHg and THg) that was removed
from the field at harvest. Rough rice and straw were lyophilized,
ground to a fine powder using a coffee grinder cleaned with etha-
nol between samples (Drennan-Harris et al, 2013), and then
analyzed for MeHg using the same approach as for soil (Marvin-
DiPasquale et al, 2011}, For THg analysis, plane samples were
digested with concentrated HNO, in an autoclave at 138 kPa
and 126°C for 3 h (Kleckner er al, 2017), before addition of
BrCl and quantification (Marvin-DiPasquale er al, 2011). All
plant tissues had THg concentrations above both the MDL
(0.1 ngg™') and RL {0.23 ng g'). Three straw samples were less
than the RL for MeHg in plant tissues (0.11 ng g™}, but greater
than the MDL (0.06 ngg™').

Irrigation and Drainage Water Yolume

Ierigation water applications were measured by the irrigation
districts by measuring water flow through a fully submerged inlet
pipe with the Remote Tracker System (H20Tech, hup://www.
h2otechonline.com). This system has a measurement error of
<5% (Davids et al,, 2013).

To measure oudet flow through a rectangular weir, pressure
transducers (Global Water Instrumentation, Model WL16) were
installed on the outlet weir, as well as on the soil surface in the
ficld, at a distance of more than four times the maximum head
away from the weir. This arrangement allowed for the calculation
of head over the weir, and thus flow rates (Aydin et al, 2011},
while allowing the farmer to adjuse weir heighe. Staff gauges were
installed at inlets and outlets. Gauges were read manually during
field visits and photographed daily to verify the logger data. In
cases where there was a need to quickly drain the fields from mul-
tiple outlets, the volume of water exported during these events
was determined by measuring the water height in the field and
multiplying by the field area.

Methyimercury and Total Mercury Load (alculations

Loads of MeHg and THg in irrigation and drainage warer
were calealated by integration. The volame of water entering or
leaving the field (measured daily to weekly at inlees and every 2
at outlets) was multiplied by the temporally closest concentra-
tion measurement {at the inlet or outlet, respectively). Loads are
reported on a per area basis to account for differences in field
size. Net loads were calculared as the difference beeween surface
water inflows (irrigation) and outflows (drainage). Export via
percolation, seepage, and evapotranspiration is outside the scope
of this study.

Methylmercury and THg pools in grain, straw, and soil were
caleulated as the product of the concentration and the massina
1-m?*area. We did not want changes in soil pools to be an artifact
of shrinking and swelling in response to wet—dry cycles; thus,
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pool sizes were calculated based on the (constant) mass of soil
in the plow layer. We used the average annual soil bulk density
at cach plot and a volume of .15 m® (1-m® % 15-cm-deep plow
layer) to calculate the mass of soil in the plow layer. Pools were

calculated independently for each ploe (n = 4 per field), then
averages and SDs were caleulaeed.

Statistical Analysis

Because data were collected as a longitudinal survey, auto-
correlation potentially exists due to repeated measures and sam-
pling at multiple (soil} depths. The data were analyzed using
lincar mixed effects regression modeling, the generally accepted
method of dealing with potential autocorrelation (Pinheiro and
Bates, 2000; Krupaetal,, 2012; Bates er al,, 2015). Soil and plant
samples were collected ar plots (# = 4 per field), and water sam-
ples were collected at weirs (an inlet and outler for each field).

epeated measures and antocorrelation were accounted for by
including random intercepts for plots or weirs (nested within
field) in all models.

Statistical analysis was conducted using R {version 3.3.3
R Core Team, 2016). Tests with p < 0.05 were comidlmed 512.;
nificant. Models were initially firted with the parameterization
described below. Parameters (first random effects, then fixed
cffects) were removed stepwise if noe significant. Model assump-
tions of normaley and homogeneity of variance were checked
using standard diagnostic plots. Environmental data are ofien
skewed, so natural log transformations of response variables were
used when necessary to ensure that model assumptions were met.
Packages Ime4 (Bates et al, 2015), ImerTest {Kuznetsova et al.,
2016) and Ismeans {Lenth, 2016} were used to fit and test linear

mixed effects regressions, and to calenlate least-squares means of

model parameters for plotting. All values reporeed in the rext are
mean = S, unless otherwise noted.

To assess changes in soil THg, MeHg, and %MeHg (MeHg/
THg x 100) content by depth, data from Butte in August and
February were modeled as Model A: V=D + E+ (D » E) +
(1}P), where Y'is the response variable (THg, MeHg, or %McHg
in soil), D is the depth interval (0-2, 46, 810, or 1214 cm),
E is the sampling cvent (August or February), (D x E) is the
interaction between D and E, and (1|P) is a random intercept
for plot. April and Ocrober soil samples could not be divided
into meaningful depth intervals because they were collected after
tillage events and were excluded from this analysis.

Differences in soil Hg content between fields and sampling
cvents were tested using data from both ficlds and all four sampling
events, but where measuremnents were made at multiple depths (at
Butte in August and February), the 0- to 2- and 4- to 6-cm depths
were averaged at cach plot. These data were modeled as Model B:
Y =F+E+(F x E) + (1{P), where F is the field {Butte or Yolo),
and F x F is an interaction term. Other terms are defined above.

Water data was analyzed to identify differences in surface
water %MeHg, MeHg, THg, and TSS concentration between
ficlds, seasons, and sites. Because only one or two samples were
collected at the inlet during the fallow scason at cach field, inlet
samples were not separated by season. These data were modeled
as V=8 + F+ (8 x F) + (1|I7) {(Model C), where § is the sam-
pling weir and season {inlet, outlet-growing, or oudet-fallow), (§
X F) is an interaction term, and (1]#¥’) is a random intercept for
weir. Other terms are defined above

Methylmercury, %MekHg, and THg concentration in plant
tissues were modeled as Model ID: Y= F+ 7'+ (1), where 7'is

plant tissue type {grain or straw). Other terms are defined above.

Results and Discussion
Soif Mercury and Methylmercury

Butte and Yolo soil THg content (25 4 7 and 57 £ 4 ng g™
respectively) were similar to background soil THg reported for
the United States and China (Shacklerze and Boerngen, 1984
Mingeat and Qinghua, 1997, Obrist et al, 2016), and five o
ten times lower than report@d for fields in the Delta (Marvin-
DiPasquale et al, 2014). Prior studies suggest that MeHg pro-
duction can be limited when soil THgis <1000 ng g ’\Rudd et
al, 1983; Krabbenhoft et al,, 1999), as is the case in Butre and
Yolo. Total Hg content did not change significantly between
sampling events (Supplemental Table §7).

Soil MeHg content was 0.7 2 0.3 and 0.18 = 0.04 ng g ¥ at
Yolo and Butte, respectively, and both MeHg and THg were sig-
nificantly higher at Yolo than at Butee (Model B, Supplemental
Table $7) Buttc %MeHg in soil (0.8 £ 0.2%) was significantly
lower t,han at Yolo (1.3 + 0.5%). Methylmercury content
increased significantly during the growing season from 0.17
£ 0.05 and 049 £ 0.09 ng g* prior to planting to 0.19 &
0.06 and 1.0 £ 0.22 ng g™* prior to harvest at Butte and Yolo,
respectively (Supplemental Table §7). This increase indicates
net MeHg production during the growing season, because the
increase in soil MeHg storage was orders of magnirude larger
than the amount of MeHg imported in surface water (Table 1,
Supplemental Table 57)

Soil MeHg and THg content did not differ significandy by
depth in either August or February sampling events in the Butte
field (Model A, Supplemental Fig. $3). The lack of differences
between depths is likely due to regular mixing of ehe plow layer
from twice-annual rillage.

Surface Water Mercury Concentrations

Surface water MeHg and THg concentrations ranged over
three orders of magnicude, from <0.007 o 2 and <0.1 w0 70 ng
L, respectively (Fig. 1). Spikes in MelHg, THg, and TSS con-
centration were observed at the beginning of the fallow season
at Butte, and the end of the ﬁdlow season at Yolo {Fig. 2}. The
cause of these spikes is unknown, and their implications are dis-
cussed further below. Both MeHg and THg concentrarions were
five and six times higher, respectively, in Yolo than Buree (Fig. 2,
7 < 0.05). Berween-scason trends were similar in both fields (no
significant interaction, Model C). Qutlet MeHg and THg con-
centrations were significantly higher than inlet during the winter
fallow scason but were not significandy different from {MekHg)
and lower than {THg) the inlet during the growing season (Fig.

2). Percentage MeHg did not differ significantly berween the
ﬁclds Growing scason outlet %MeHg was significandy higher
than both inlet and fallow season outletr (Fig. 2). The TSS con-
centrations showed similar patterns to THg in drainage water,
particularly in the winter (Fig, 1), and differencesin TSS between
fields and among sites and seasons closely mirrored THyg (Fig. 2).

Methylmercury and THg concentrations in outlets of neigh-
boring ficlds were consistent with Butte and Yolo (Fig. 1). Butte
and Yolo are located within the area studied by Tanner et al.
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Table 1. Surface water methylmercury (MeHg) and total Hg (THyg) budgets for studied fields.

Butte Yolo
Parameter ]
Water MeHg THg %MeHgt Water MeHg THg %MeHg
m*m ngm™ m>m ng m-2
Growing szason
Irrigation imports 2.61 82 2027 4.0 1.94 148 7809 1.2
Total export 0.42 57 80 7.1 0.32 38 585 6.5
Maintenance drainaget 0.34 5.4 72 7.5 .16 27 224 12
Early season drain - - - - 0.036 6.2 304 1.1
Harvest drain 0.08 0.33 7.7 4.3 012 5.2 57 2.1
Export —import -2.19 -76 1947 - -1.62 -110 7224 -
Fallow season
Irrigation imports 0.4 4.7 479 0.98 0.36 14 960 1.5
Drainage exports 0.20 49 727 5 0.17 214 7456 29
Export —import -0.21 35 248 -0.19 200 5496
Annual
Irrigation imports 3.02 87 2506 34 23 162 8769 1.8
Drainage exports 0.62 45 807 5.7 049 252 8041 31
Export —import -2.35 —41 -1700 -1.81 90 -728

1 %MeHg = (MeHg/THg) « 100.

} Total export = mainenance drainage -+ early season drain -+ harvest drain.

(2017) who reported similar irrigation and drainage water
MeHg concentrations and seasonal patterns.

Hydrologic Methylmercury and Total Mercury Budget

Consistent with our hypothesis, both fields were MeHg

and THg sinks {net importers) during growing and sources
(net exporters) during the fallow season (Table 1). During the
Wi _— { Miav—September! v 16% of irri H ;
growing season (May—September), only 16% of irrigation water
applied was exported as drainage water, Because concentrations

Butte (2014 - 2015)

in irrigation and drainage water were not significantly diffes-

ent during the growing season, and there was net water loss
due to evapotranspiration, the ficlds acted as McHg and THg
sinks. During the fallow scason, 50% of irrigation water applied
was exported as surface drainage water {remaining water was
retained in saturated field soil and lost via percolation, scepage,
and evaporation), but concentrations of MeHg and THg were

6 to 18 times higher in drainage compared with inflow water
(Fig. 2). Thus, the ficlds were MeHg and THg sources during the

Yolo (2015 - 2018)
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Fig. 2. Surface water least-squares means and SE of (from top to
bottom) methylmercury (MeHg), total Hg {THg), percentage MeHg
{%eMeHMg), and total suspended solids (T55) from Model C. The effect
of each factor (site and season [left] and feld [right]} are shown, cor-
rected for differences due to other factors. There were no statistically
significant (site x season}] interactions. Inlet data were not divided
by season because only one or two samples were collected at inlets
during the fallow season.

fallow season. Annually, 85 to 86% of exported MeHg and 90 to
93% of exported THg occurred during the fallow season. Loads
were consistently higher at Yolo than at Butte, with total annual
imports being 1.7 and 3.5 times higher and total annual exports
being 5.5 and 10 times higher for MeHg and THg, respectively.
Annually, both fields were net sinks for THg based on surface
water budgets, with annual net import of 1700 and 730 ng ™
for Butte and Yolo, respectively. Buete was a net MeHg sink, with
an annual import of 41 ng m'?, whereas Yolo was a net source of
MeHg, with 90 ng m* exported annnally. Considering the many
factors that make rice ficlds ideal sites for Hg{1l)-methylation,
it is notable that one of the ficlds {Butte) was a net MekHg sink
on an annual basts, Similarly, some fields in the Delta are MeHg
sinks on an annual basis (Eagles-Smith et al,, 2014}, and others
are sources {Bachand et al., 2014). This may indicate that MckHg
egradation processes (ie., microbial demethylation or photode-
methylation) can reduce MeHg pools in rice fields, or that MeHg
export in harvested rice grain is significant (discussed below).
Total Hg can enter ecosystems through wet deposition and
plant uptake and be lost through evasion from ehe soil and plants
(Eckley et al,, 2016). It was not feasible to measure atmospheric

exchange in this study. However, surface—air mercury fluxes are
unlikely to drive differences between Butte and Yolo because
controlling variables related to management {plant cover and
soil moisture) and atmospheric conditions (wet deposition and
air concentration; Natonal Ammospheric Deposition Program,
2014) were similar between fields.

Rice Plant Mercury

Methylmercury content in rough rice from Yolo (0.7 =+
0.2 ngg™) was four times higher than in rice from Butte (0,16 =&
0.04 ngg™") (Model D, p < 0.05, Table 2). Total Hg in rough rice
did not differ significantly between ficlds (‘Table 2, overall mean
= 1.4 & 0.4 ng g"). In previous studies, brown rice grain and
husks were separated prior to Hg analysis, whereas rough rice
{unprocessed grain with husk) was analyzed in this study. The
rice husk is ~20% of the mass of rough rice (Gariboldi, 1974),
and it has lower MeHg and higher THg concentrations than
brown rice alone {Meng ct al,, 2010). Iif no McHg was present in
the husk, the concentration of MeHg in brown rice in this study
would be at most 0.88 and 0.2 ng g™ at Yolo and Buzze, respec-
tively (see the supplemental material for calculations). Mean
brown rice THg concentrations could not have been >1.75 ng
g™ and were most likely lower than the reported rough rice con-
centration. In a comprehensive review, Rothenberg et al. (2014)
found published values of rice MeHg content ranged from 0.86
to 63 ng g™, whereas THg content ranged from 1 e0 510 ngg™,
although lower concentrations have been reported more recently
{(Rothenberg et al., 2015). Keeping in mind the biases caused by
analyzing rough rice rather than brown rice, the rice MeHg and
THg concentrations reported here are sull among the lowest
published values.

Methylmercury in rice plants has been shown tw originate
in the soil (Strickman and Mitchell, 2017). Thus, low concen-
trations in rice grain and between-field differences reflect soil
MeHg content at Butte and Yolo. However, concentrations
of McHg and THg in grain are weakly correlated {(R* ~ 0.2),
and concentrations of those species in soil {(Horvat et al., 2003;
Zhang et al., 2010b) as well as other factors such as rice cultivar
{Lictal, 2013) or sources of Hg to the system {e.g., soil, source
water, atmospheric deposition) (Zhangetal, 2010b; Meng et al.,
2011} can also influence Hg uprake by rice plants.

Straw had 62% lower MeHg content than grain {p < 0.05),
but five to eight times higher THg (p < 0.05). Grain and straw
differed significantly in %MeHg, with grain ranging from 16 £ 9
{Buete) ro 40 = 13% (Yolo) and straw ranging from 1.2 -+ 1.1
{Butte) 10 2.7 % 0.8% {Yolo) MeHg { Table 2). Higher %MeHg
in grain compared to straw is consiscent with previous studies
{Meng et al,, 2010, 2014). Total Hg content did not differ sig-
nificandy between ficlds for straw (overall mean =9 £ 3ngg™).

Removal of rice grain from the field ac harvest resulted in ehe
export of 190 &£ 50 to 700 = 200 ng MeHg m™ and 1400 =+
500 to 1700 == 400 ng THg m™ in Butte and Yolo, respectively
{Table 2). Rice straw, which was tilled into the soil after harvest,
contained 120 == 80 to 180 == 80 ng MeHg m ™ and 10,500 +
3000 to 7000 o= 3000 ng THg m™ in Butte and Yolo, respec-
tively. Methylmercury and THg storage in rice planes is com-
parable in magnitude with annual surface water imports and
exports (Table 1). Plant tissnes differ in their primary source of
Hg: grain Hg originates in the soil, whereas straw Hg is from the
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Table 2. Methylmercury (MeHg) and total mercury (THg) in rice straw and grain. All values are means £ 5D (n= 4).

Butte Yolo

Parameter MeHg THg MeHg THg

Grain
Concentration (ng g™') 0.16 4+ 0.04 1.2 404 0.7 402 17403
Pool {(ng m™} 190 £ 50 1400 £ 500 700 + 200 1700 + 400
%eMeHgt 16+9 40+ 13

Straw
Concentration (ng g ™) 0.12 £ 009 1043 0.20 + 0.06 8418
Pool ing m™) 120+ 80 10,500 + 3000 180 + 80 7000 4 3000
%MeHg 12411 2.7 408

Soil
Concentration ing g™') 0.19 4+ 0.06 28452 10402 57420
Pool (ng m™) 24,000 4 4600 3,600,000 4+ 950,000 120,000 4 23,000 5,500,000 + 190,000
%heHg 34026 1.8+0.36

1 %MeHg = (MeHg/THg) < 100.

atmosphere (Yin et al., 2013). Thus, plant pools of Hg and their
sources should be accounted for in mass balance studies of Hg
species in rice fields.

Periods of EHevated Methylmercury
and Total Mercury Export

Our results showed that MeHg and THg export from rice
fields in the Sacramento Valley are primarily of concern during
the winter fallow period. This is supported by significandy
higher McHgand THg concentrations in fallow scason drainage
water (Fig. 1), higher total export loads, and higher net export
compared with the growing season (Table 1). Efforts to reduce
export would be most effective in the fallow season.

Other studies of MeHg export from rice also found that net
MeHg exports and concentrations were higher in the fallow
scason than the growing scason (Alpers ct al, 2014; Eagles-
Smith et al., 2014; Tanner et al., 2017). There are several pos-
sible reasons for this. First, Bachand etal. (2014} found that crop
transpiration during the growing scason results in a net down-
ward movement of surface water into the soil profile, and this
may serve to trap MeHg, limiting its export during the grow-
ing scason. As there are no transpiring plants during the fallow
season, MeHg stored in the soil profile may be released into sus-
face water via diffusion, where it may then be exported. Second,
we found the pools of MeHg and THg accumulated in plants
were 3 to 4 times and 1 to 12 times larger, respectively, than gross
annual export in surface water. It is possible that plant uprake
during the growing season limits MekHg and THg export. Grain
is removed from the field ar harvest; however, straw decomposes
in the field during the fallow season and may be an imporeant
source of MeHg (120-180 ng m™?) and THg (7000-10,500 ¢
m?) for surface water export from the field (Windham-Myers et
al,, 2014a). Finally, decomposing rice straw may promote Hg{II)-
methylation by providing labile organic carbon, if the Hg(Il)-
methylating microbes are limited by carbon (Masvin-DiPasquale
et al, 2014; Windham-Myers et al,, 2014b). However, the rela-
tionship between increased MeHg production and bivaccumula-
tion or export is complex (Eagles-Smith et al, 2014; Zhu et al,,
2015; Tanner eral, 2017).

One objective of this study was to identify periods of MeHg
export that could be tasgeted for mitigation. ”ﬂaough we observed

spikes in MeHg export, they accounted for a small fraction of
annual exports or did not occur at the same time in both fields.
Early growing season outler MeHg and THg concentrations were
somewhat elevated (Fig. 1), and the casly-scason draining event
at Yolo accounted for 16 and 52% of growing season MeHg and
THg exports, respectively. However, this export was only 2.4 and
3.8% of annual MeHg and THg exports annually. Ficld draining
prior to harvest did result in a small pulse of export (5.8 and 14%
of MeHg exports and 9.6 and 9.7% of THg exports during the
growing scason from Butte and Yolo, respectively), but thiswas a
negligible percentage of annual export.

During the fallow season, concentrations and export were
clevated, but within-scason trends differed between fields. In
Butte, both MeHg and THg concentrations were high at the
start of the fallow season and decreased, whereas Yolo fallow
season outlet concentrations started low and increased as the
season progressed (Fig. 1). These data, combined with time series
of MeHg concentrations in rice drainage water from previous
studies, suggest that temporal patterns of McHg concentration
with in the fallow season are highly variable among fields {Alpers
et al., 2014; Eagles-Smith et al., 2014).

More rescarch is needed to understand fluctuations of

MeHg concentrations in rice drainage water during the fallow
season before management recommendations are identified.
Furthermore, previous studies of Me¥g export from rice sys-
tems included a flooded fallow season for straw decomposi-
tion (Fagles-Smith et al,, 2014; Windham-Myers et al,, 2014b;
Tanner et al, 2017). Cropping systems with different annual
cycles of dry and wer periods (such as the absence of a flooded
fallow season, or production of multiple crops per year), likely
have different seasonal patterns of MeHg export. Hydroperiod
and management practices are impostant controlling variables of
MeHg production (Marvin-DiPasquale et al, 2014) and export,
and more studies will be needed to understand MeHg dynamics
in these systems.

Condlusion

Surface water MeHg and THg budgets revealed clear dif-
ferences between the growing and fallow seasons. During the
growing season, drainage water and irrigation water had s;mﬂar
MeHg and THg concentrations. Due to irrigation water volumes
being larger than drainage volumes, the fields were net sinks for
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MeHg and THg in the growing season. In the fallow season,
the fields were MeHg and THg sources because drainage water
concentrations were clevated compamd with irrigation water,
whereas the volume of irrigation and drainage water were more
similar. These resules indicate that efforts to reduce MeHg and
THg exports in rice drainage water should focus on the fallow
season. Further, rice plants accumulated substandal amounts of
MeHg and THg into their tissues annually, at a scale similar in
magnitude to annual surface water loads. Plant tissuc pools, and
differences in MeHg and THg accumulation in straw and grain
tissues, should be considered in future studies.

Supplemental Material

The supplemental information includes calculations of the
impact of husk on rice grain MeHg and THg concentrations,
a map of the study arca {Supplemental Fig. S1), a time series of
hydrological dara (Supplemental Fig. $2), soil MeHg and THg
by depth {Supplemental Fig. $3), comparison of studicd ficlds
(Supplemental Table 51}, quality control and quality assurance
data (Supplemental Tables 52--56), and soil MeHg and THg con-
centrations and pools by sampling event (Supplemental Table §7).
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SURFACE WATER QUALITY

The Contribution of Rice Agriculture to Methylmercury in Surface
Waters: A Review of Data from the Sacramento Valley, California

K. Christy Tanner,* Lisamarie Windham-Myers, Jacob A, Fleck, Kenneth W. Tate, Stephen A. McCord,
and Bruce A. Linguist

~ N anoxic soils, a portion of the inorganic mercury (Hg)

Abstract pool can be methylated, predominandy by sulfate- and iron-

Methylmercury (MeHg) is a bioaccumulative pollutant produced 4. reducing bacteria (Compeau and Bartha, 1985; Gilmour et
in and exported from flooded soils, including those used for al, 1992; Fleming et al,, 2006; Kerin et al,, 2006), forming meth-
rice (Oriza sativa L.} production. Using unfiltered aqueous MeHg
data from MeHg monitoring programs in the Sacramento River
watershed from 1996 to 2007, we assessed the MeHg contribution

ylmercury {MeHg). Methylmercury binds strongly to thiols in
proteins (Ballatori, 2002) and is extremely toxic to organisms,

from rice systerns to the Sacramento River. Using a mixed-effects causing neurological problems and decreased reproductive suc-
regression  analysis, we compared MeHg concentrations in cess {Crump and Trudeau, 2009). Environmentallevels of MeHg
agricultural drainage water from rice-dominated regions (AgDrain) as low as 0.1 ng L™ in freshwater ecosystems can have negative

to MeHg concentrations in the Sacramento and Feather Rivers, both
upstream and downstream of AgDrain inputs. We also calculated
MeHg loads from AgDrains and the Sacramento and Feather Rivers.

effects on high trophic-level organisms via bioaccumulation and
biomagnification {Rudd, 1995; Watras et al., 1998; Chan et al,,

Seasonally, MeHg concentrations were higher during November 2003). Humans are exposed to McHg primarily through the con-
through May than during June through October, but the differences sumption of fish and other wildlife from Hg-contaminated envi-
varied by location. Relative to upstream, November through May ronments, resulting in negative health effeces (Chan et al., 2003).

AgDrain least-squares mean MeHg concentration {018 ng L7,
range 0.15-0.23 ng L7 was 2.3-fold higher, while June through
October AgDrain mean concentration (0.097 ng L™, range 06-1.6

Mereury and MeHg contamination of surface water is wide-
spread. In the United States, fish consumption advisories have

ng L) was not significantly diffarent from upstream. June through been issued in all 50 states and one US territory, including 1.8
October AgDrain MeHg loads contributed 10.7 to 14.8% of the million km of river and 6.6 million ha of lake (USEPA, 2011).
total Sacramente River MeHg load. Missing flow data prevented Wetlands provide anoxic soil conditions in  which

calculation of the percent contribution of AgDrains in November
through May. At sites where calculation was possible, November
through May loads made up 70 to 90% of the total annual load.

Hg-methylating microbes thrive, resulting in elevated MeHg
production and bicaccumulation in a variety of wetland types

/ i i oo 013 Fiall e 9] ike "
Elevated flow and MeHg concentration in November through May {Marvin-DiPasquale et al., 2003; Hall et al, 2008). Unlike many
both contribute to the majority of the AgDrain MeHg load occurring crops, rice (Oriza sativa L.) is grown in fooded fields chat are
during this period. Methylmercury reduction afforts should effectively agricultural wetlands. Rice is grown on approximately

target elevated November through May MeHg concentrations in
AgDrains. However, our findings suggest that the contribution and

environmental impact of rice is an order of magnitude lower than - _ N i ; .
previous studies in the California Yolo Bypass. lands (Finlayson et al, 1999) and serving as important wildlife

habitat (Czech and Parsons, 2002). Scasonal wet—dry cycles and
inputs of labile organic carbon from root exudates and rice straw

150 million ha globally (Czech and Parsons, 2002}, comprising a
substantial portion of the world’s estimated 1.2 billion ha of wet-

Core lde ) ) L

ore Ideas promote MeHg production and bivaccumuladion in rice fields
s YWe studied the impact of rice production on MekHg at the wa- {(Windham-Myers et al,, 2009, 2014a; Ackerman and Eagles-
tershad scale. Smith, 2010; Ackerman et al, 2010; Rothenberg and Feng,

« MeMHg concantration was slevated in agriculiurs! drainage wa-
ter during November through May.

» Watershed-scale MaHg loads were lower than expecied based
on field studies.

2012). Many studies have found that MeHg can accumulate in
rice grain and that rice can be the primary route of MeHg expo-
sure for people living in Hg-contaminated inland rice-growing
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areas {c.g., Feng et al, 2008; Meng et al, 2010, 2011; Zhu et
al., 2015). In contrast, few studies have investigated export of
MeHg in rice-field drainage water and its impact on downstream
ecosystems, with the exception of studies in the California Yolo
Bypass (Windham-Myers et al,, 2014a). While it is clear chat rice
fields produce and export MeHg {(Alpers et al., 2014), their effect
has not been evaluared at a watershed scale.

MeHg concentration in stream channels and exposure to biota
in those channels result from the interaction of sources, sinks, and
transport processes in the watershed (Bradley et al, 2011). Though
floodplains may also produce MeHg when temporasily Hooded
{Singerctal, 2016), at a warershed scale, the best predictor of Melg
concentration in a water body is the percent wedand cover upstream
(Krabbenhoft er al,
decoupled from export {Bachand et al,, 2014), and processes such

1999). Methvlmercury production may be

as photodemethylation in open water (Seller et al.. 1996) and par-
ticle serdding can remove MeHg from the water column. As a result,
MeHg concentrations can be lower than would be predicred from
upstream McHg inputs (Bradley et al, 2011).

The Sacramento River watershed (1.7 million ha) in
California provides 2 good opportunity to study how rice con-
wibutes to watershed-scale MeHg concentrations and loads.
Rice is grown on mose than 240,000 ha and is the main crop in
the low-lying central drainage arca of the valley (USDA-NASS,
2016). Naturally enriched Hg conditions, plus a legacy of Hg
and gold mining (which used elemental mercury to amalgamate
the gold} in the mountains surrounding the valley, have resulted
in elevated Hg concentrations in river sediments, water, and fish
(Domagalski, 1998, 2001; Davis et al,, 2008; Springborn et al.,
2011; Singereral,, 2013; Domagalski etal . 2016; Donovanetal,
2016a,2016b). Elevated MeHg concentrations in fish have led to
fish consumption advisories and enacement of a Toral Maximum
Daily Load to reduce MeHg loads into the Sacramento-8an
Joaguin Delta (Delta Mercury Control Program, 2010).

The overall objective of this study was o evaluare the con-
tribution from rice-producing areas ro MeHg loads in the lower
Sacramento River by compiling and analyzing historic surface
water MeHg concentration and flow data. We evaluated MeHg
concentradons and loads in major agricultural draing from

ice-dominated areas and atr mainstem sampling points in the
Sacramento and Feather Rivers, both upstream and downstream
of agricultural drain inpurs. Purthermore, we evaluated seasonal
trends to identify the time of year in which MeHg loads exported
from rice fields may be of greatest concern, and long-term erends
o see if changes in postharvest rice straw management practices
have influenced MeHg concentrations.

Materials and Methods

The Sacramento Valley covers 1.7 million ha and is sicuated in
the low-lying area between the Coast Ranges and Sierra Nevada
of California. Tt is 240 ki long from north to south and ranges
from 32 km wide in the north to 72 km wide in the south (Bennett
etal., 2011). The Sacramento Valley has a Mediterranean climare,
with typically hot, dry conditions during April eo Seprember and
a cool, rainy scason from October through March

The Sacramento River watershed has both natural and anthro-
pogenic Hg sources. Mineral springs (Youngs, 1994) and erodible
surficial soils (US Bureaun of Mines, 1965) in the Coast Range to

the west and Cascade Mountains to the northeast are naturally
Hg enriched. Mercury mining occurred in the Coast Range to the
west { Jasinksi, 1995). Berween 1846 and 1981, an estimated 34.5
million kg of Hg was released into the environment, partially as
Hg vapor during ore processing {Churchill, 2000}, Most of the
Hg mining occurred in the Cache Creek watershed and farther
south; thus, runoff from mine wastes in these areas enters the Yolo
Bypass downseream of the current study area (Domagalski, 1998).
Beginning in 1848, clemental Hy was used by the gold mining
industry in the Klamath and Sierra Nevada mountain ranges,
drained by the upper Sacramento River and Feather River, respec-
tively (Domagalski, 1998; Churchill, 2000). Combined Hg losses
from gold mining totaled 5.8 million kg, with 97% of losses occur-
ging before 1935 and 80 to 90% of losses occurring in the Sierra
Nevada (Churchill, 2000). While Hyg losses were substantial, it is
unclear to what degree rice-growing areas in the central Sacramento
Valley have been contaminated with Hg. Reservoirs limie down-
stream transport of MeHg and total Hg (Slotton et al, 1995).
Domagalski (1998) measured rotal Hg in riverbed sediments: sites
in the central Sacramento River had 40 to 70 ngHg g7, while sites
within and downstream of the Feather River had 140 e0 370 ngHg
g, To our knowledge, there are no published Hg concentration
data for Sacramento Valley rice soils. Atmospheric deposition has
not been measured directly for the Sacramento Valley. However,
the San Francisco Estuary to the south received 19 pg Hg m™2 yr™!
asdry deposition and 4.2 pg Hg m™? yr™ as wet deposition in 1999
10 2000 (Tsai and Hoenicke, 2001).

Within the Sacramento Valley, there are two main waterways:
The Sacramento River on the western side of the valley and thc.
Feather River on the east. Additional watershed inflows occur
along the eastern and western edge of the valley, including the
Yuba and Bear rivers. Both of the main rivers flow from north to
south and converge near the southern end of the Valley's primary
rice-growing region, north of the city of Sacramento (Fig. 1).
After confluence with the Feather River, the Sacramento is joined
by the American River and continues south to the Sacramento-
San Joaquin Delea. Susface water hydrology is highly manipu-
fated, with a number of constructed waterways used to direct
irrigation water (supply and drainage) and ro mitigate flooding,

Drainage from rice agriculeure (hereafter, “rice”), and to alesser
extent nonagricultural wetlands, makes up the majority of water
in agricultural drainage canals. Rice is planted during late April
through May. Most fields are water-seeded, whereby pregermi-
nated rice seed is dropped from an airplane onto flooded fields
(Linquist et al., 2015). Water management during the first month
of the growing season is highly vanab e, with the water level and
outflow adjusted for seedling establishiment and herbicide applica-
tion. Later in the growing season, maintenance How is established
whee irrigation water is applied to rice in excess of evapotrans-
piration demand in part to limit salinity build up {Grataan et al,
2002; Scardaci et al., 2002). Excess water is exported from rice
fields as drainage water. Fields are drained in August or Seprember,
3 to 4 wk before harvest. Irrigation of other crops in the water-
shed is managed to match evapotranspiration demand closely so
that little or no drainage warer is produced. Drainage water from
managed wetlands is also present; however, wetland cover within
the drainage arca is approximately one fourth that of rice (Fig. 1)
(US Fish and Wildlife Service, 2016). Water-export data from

wetlands managed for wildlife is limited, but rates of outflow
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Fig. 1. Map of the study area. Site labels correspond to site identi-
fication field in Table 1. Rice area was obtained from the California
Department of Water Resources (2013}, Wetland area is from the
National Wetland lnventory (US Fish and Wildlife Service, 2016). Water
ways are depicted according o the National Hydrography Dataset
{USDA-NRCS et al,, 2013). AgDrain, agricultural drainage.

are also managed to prevent salinity build up (this management
objective is similar to those of rice growers). Periods of high water
export from managed wedands are the drawdown of scasonal wee-
lands (March—May) and areas flooded during the summer {July—
August) (8. Emmons, personal communication, 2016).

Drainage water from agricultural fields and other wedands is
collected by two major agriculrural drains, hereafier referred to
as “AgDrain-E” and "AgDrain W AgDrain-E collects drainage
water from the eastern valley arca (g, Sutter Bypass) between
the Sacramento and Feather Rivers and discharges into the
Sacramento River immediately upstream of the confluence of
the Sacramento and Frather Rivers (Fig. 1). Low flows during
summer in AgDrain-E are made op primarily of rice drainage
water; however, during high winter flows, large volumes of flood-
water from the Sutter Bypass floodplain are mixed with rice drain-
age water. AgDrainW collects drainage water from the area west
of the Sacrameneo River. Fows from AgDrain-W are divided
immediately downstream of the sampling location, with some
water directed into the Sacramento River {AgDrain'W ) and
the remainder diverted to the Yolo Bypass floodplain {AgDrain-
W, ...) (Fig. 1). Drainage from AgDrain-E and the Feather River

enter the Sacramento River 25 km downstream of AgD rain-W o

We caregorized sampling sites into “site groups” based on
their location with respect to the two main AgDrains (Fig.
1): Sampling sites located at the mouths of AgDrain-E and
AgDrainW are referred to as “AgDrain” sites. “Upstream-
Sacramento” and “Upstream-Feather” sites were located on the
Sacramento and Feather Rivers, respectively, upstream of where
AgDrains empty into the Sacramento River. Upstream sites serve
as control sites because they represent river water that has been
minimally influenced by rice. All Upstream-Sacramento sites
were upstream of rice drainage water inputs, while Upstream-
Feather site 5 may have been influenced by rice drainage water
from rice grown cast of the Feather River and north of the Bear
River, Upstream sites also represent irrigation source water: sires 1
and 3 on the Sacramento River were located close to the Tehama-
Colusa and the Glenn—Colusa Canals, respectively, which are
major agricultural diversions that provide irrigation water to the
western side of the Sacramento Valley. "Downstream” sites were
located downstream of the confluence of the Sacramento River,
Feather Riverm and AgDrains, but upstream of the Sacramento
urban area and the confluence with the American River (Fig, 1),
Downstream sites represent Sacramento River water that has
been influenced by Sacramento Valley rice drainage.

Data Sources

We used data from programs that monitored aqueous, unfil-
tered MeHg concentrations in the Sacramento River water-
shed from 1996 to 2007. Prograims include the USGS National
Water Quality Assessment Program (Domagalski et al, 2000)
dataset from 1996 1o 1998 (I); three programs conducted by the
Sacramento River Watershed Program (2003, 2008), including
data from 2000 to 2003 (I1), 2004 (TV). and 2006 o 2007 (V);
and one dataset from the CALFED Bay-Delra Program (Foe et
al,, 2008), including data from 2003 to 2006 (1) (Supplemental
Table S1). Samples were collected either as grab samples or as
depth-integrated samples at the midpoine of the channel cross-
section. Detecrion lmits ranged from 0.0114 to 0.0234 ng L™
{Supplemental Table S1). Methylmercury concentrations were
below the detection limit in 1.6% of samples. Nondetects were
equally distributed among Upstream-Sacramento, Upstream-
Feather, AgDrain, and downstream samples (z = 4, 2, 3, and
2, respectively). If the lab value was reported, it was used in the
analysis; otherwise undetected MeHg concentrations were treated
as 0.5 X detection limir in data analysis. Sampling sites varied
among programs, and sampling frequency ranged from monthly
to quarterly. A number of sites were omitted from the analysis due
to lack of relevance to the study questions or lack of data. These
sites included small, seasonal creeks, sites on the Sacramento River
distandy upstream or downstream of rice, and sites with fewer
than 10 samples. For sites included in this analysis, the number of
samples available by site and program is shown in Table 1.

Both precipitation and burned rice arca were tested as possible
explanatory variables. Precipitation from storm events may influ-
ence MeHg concentration by dilution or flushing MeHg from
areas where it is produced {Balogh et al, 2006). Precipitation
data were obtained from the California Irrigation Management
Information System {California Department of Water Resourees,
2014b). Data from two weather stations that represented the
study area within the watershed were averaged for analysis (sta-
tion identifications 12 and 3). Precipitation totals from 3, 5, and
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Table 1. The number of methylmercury (MeHg) samples collected by =ach sampling program at sites used in this analysis. AgDrain, agricultural

drainage water from rice-dominated regions.

Samples in each programs Total number

Site Site IDT
I i H v v of samples
Upstream-Sacramento
Sacramento River above Bend Bridge 1 - 17 30 4 18 69
Sacramento River at Woodson Bridge 2 - - 31 - - 31
Sacramento River at Hamilton City 3 17 31 4 18 70
Sacramento River at Ord Ferry Bridge 4 - - 22 - - 22
Sacramento River at Butte City 5 - - 30 - - 30
Sacramento River at Colusa 6 29 17 30 4 18 98
Upstream-Feather
Feather River at Gridley 7 - - 31 - - 31
Yubya River at Marysville & 18 31 4 18 71
Bear River below Wheatland 9 - - 30 - - 30
Feather River at Nicolaus 10 - 18 31 4 18 71
AgDrains
Colusa Basin Drain at Knights Landing W 25 16 31 4 18 94
Sacramento Slough at Karnack E 23 16 28 4 18 8%
Downstream
Sacramento River at Verona 11 27 - - - - 27
Sacramento River at Veteran'’s Bridge 12 - - — - 17 17

1 Site locations are denoted in Fig. 1 using site identification (Site |D).

} See Supplemental Table ST for more information about the sampling programs.

7 d before MeHg sample collection were tested as predictors
of MeHg concentration. Burning of rice straw removes carbon
from fields, possibly influencing microbial activity {Windham-
Myers et al., 2014b; Zhu et al,, 2015). Burned rice area data were
obtained from the California Rice Commission (2016).

Flow data for load estimations were obtained from the
California Data Exchange Center, the California Water Dara
Library (California Deparement of Water Resources, 2014a,
2016}, and the National Water Information System (USGS, 2016)
databases {Supplemental Table §2). Mean daily flow was used
when available; otherwise, houdy or quarter-hourly flow mea-
surements were averaged to obtain mean daily fow. Missing flow
data prevented load caleulation at key sites, including AgDrain-
Wiy AgDrainW - during the 2005 water year (October
2004—-September 2005), and AgDrain-E during winter.

Data Analysis

Season was included in the analysis as a categorical variable
because seasonal variation occurs in rice management as well as
climate. We wanted to identify times of the year when concentra-
tions were elevated to inform futare studies. We ploteed MeHg
concentration data from all years by day and month and defined
two seasons based on periods with relatively higher or lower
MeHg concentrations.

Linear mixed-effects regression analysis was used to assess
differences in MeHg concentration, allowing us w account
for the fact that sites were measured repeatedly but not always
concurrently. Site and year were used as random effects in the
model. Fixed effects tested included season (June—QOctober or
November—May), site group (Upstream-Sacramento, Upstream-
Feather, AgDrain, or downstream), time {as a continuous vari-
able), fraction of rice arca burned, and precipication, as well as
site group % season, site group X time, and sice group X fraction
of rice area burned interaction terms. Models were firred using

the Ime4 package (Bates et al., 2015) in R (R Core Team, 2014).
We selected the final model using backward stepwise regression.
Beginning with the fullest model, first random effects, then fixed
effects, were dropped stepwise if nonsignificant (p > 0.05). The
p-values for random effects were calculated using likelihood
ratio tests, whereas significance of fixed effects was determined
using F tests with denominator degrees of freedom, caleulated
by Satrerthwaite’s approximation. Post hoe Tukey-corrected
differences of least-squares means (LSM) were used to idenify
significant differences among categorical fixed effects; differ-
ences significandy different from zero (p < 0.05) were considered
significant. Model selection and tests for differences between
fixed effects were done vsing the lmerTest package (Kuznetsova
ctal, 2016}, Assumptions of normaley and homogeneity of vari-
ance were assessed using standard diagnostic plots. A natural log
transformation was used on MeHg, but not on other variables.
This transformation successfully corrected for heteroscedasticity
and normalized the residuals of the model.

Beale’s ratio estimator was used to caleulate MeHg loads
(Beale, 1962; Richards, 1998) because it was found to be unbi-
ased and accurate in a number of studies comparing load caleu-
lation methods (Dolan et al,, 1981; Beirman et al,, 1988). The
mean daily load {conceneration x flow) for days on which con-
centration was measured was multiplied by the ratio of average
flow during the period of interest to the average flow on days
when concentration was measured, then muldplied by a bias cor-
rection factor (Supplemental Eq. §1 and S2).

At cach site, loads were calculated separately for monitor-
ing programs L I, and V. Programs I and IV were combined
because samples were collected concurrendy and program
1V did not have enough data for a separate load calculation.
Additionally, loads were calculated using data from all programs
combined. Separate calculations were done for the November
through May and June through October seasons.
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Upstream-Sacramento and Upstream-Feather loads were caleu-
fated at sites 6 and 10, respectively. These sites were located imme-
diately upstream of AgDrain inputs but downstream of other
known MeHg inputs, including the Bear and Yuba Rivers (Fig, 1).
Additionally, these sites had the most complete datasers (Table 1).

Results and Discussion

A total of 681 unfiltered water MeHg concentration mea-
surements were compiled from the various programs and used
in this study. Only three sites were sampled by all five programs,
two of which were the main agricultural drainage canals that
discharge directly into the Sacramento River (AgDrain-E and
AgDrain- W), while the third was Upstream-Sacramento site 6.

Methylmercary concentrations ranged from below the detec-
tion limits (0.02-0.0114) to 1.97 ng L™\, and only three samples
in the datasct were above 1 ng L™ (Fig, 2). Watcrways with McHg
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Fig. 2. {A) Time series of methylmercury (MeHg) concentrations through-
out the study period. Bars at the top indicate when each sampling
program ocaurred {Supplemental Table $1). (B} MeHg concentrations
plotted by day of year. The figure shows data from the whole study
period. Bars at top show the rice-growing season and winter fallow, and
June to October and November to May seasons as defined in this study,

concentrations above (1.1 ng Ltare potcntiaﬂy ncgativeiy impact‘cd
{Rudd. 1995}, and 57% of samples in ¢his study had concentrations
below this level. Tiwenty percent of samples were below 0.06 ng L™,
the regulatory standard for the Sacramento—San Joaquin Delta.

Methylmercury Concentrations

Despite changes in rice straw management during the study
period, mixed-effects regression analysis did not derecta significant
changa in Mekg concentration over time (hg 2A), and there was
no interaction between time and location (The results of variable
selection for the mixed-effects model are shown in Supplemental
Table $3). During the study period, swaw removal practices
changed as a resule of the Connelly-Areias—Chandler Rice Straw
Burning Reducton Act of 1991 (California Environmental
Protection Agency, 1991), which mandated that ricc straw burn-
ing in the Sacramento Valley be phased down starting in 1992 and
be allowed only under specified conditions for disease control by
2001. The practice of burning rice straw was replaced by incorpo-
raring rice straw into soil during winter, followed by flooding to
facilitate its decomposition (Linquist er al, 2006). The percentage
of arca where rice straw was incorporated during winter increased
from <15% in 1992 to >80% by 2001 (California Air Resources
Board, 2003). Rice straw is a source of labile organic carbon that
may increase Hg methylation in rice ficlds {Windham-Myers et al,,
2014a; Zhuetal, 2015); thus, an increase in AgDrain MeHg con-
centration over time was expected due to this shift from burning
to incorporation and flooding during the study period. However,
the fraction of rice arca burned did not significantly affect MeHg
conceneration and did not interact with site group. This result is
consistent with a recent conerolled, replicated experiment test-
ing the effect of straw removal from rice fields (Eagles-Smith et
al,, 2014). Other sources of variation in MeHg conceneration may
obscure any effect of ricc straw management on MeHg concentra-
tion at the valley scale.

We did not detece a significant effect of precipitation on
MeHg concentrations. Elevated MeHg concentradions were
found in early 1997, 1 mo after a rain on snow event that caused
major flooding throughout the region (samples were not col-
lected during the event) (Fig. 2A). Although Balogh et al. {2006)
reported elevated MeHg concentrations during high flows, con-
centration changes in response to storm events can be complex,
depending on the wansported material, as well as watershed
characteristics {Richards and Holloway, 1987}, The sampling
frequency in this dataset may be too low to detect any MeHg
concentration changes in response to precipitation.

Plotting all data by month and day revealed a seasonal pattern in
which McHg concentrations were consistently lower from June o
October {range: less than detection limit to 0.3 ng L), while con-
centrations from November through May were higher and more vari-
able (less than detection limit g0 1.98 ng L) (Fig. 2B). We hereafter
refer ro these seasons as June ro October (153 d) and November ro
May {212 d), respectively. Mixed effects regression revealed a strong
seasonal effect, with November to May concentrations 65% higher
than June to October concentrations (F, = 62.3,p <0.001); how-
ever, there was an inzeraction between site group and season (F,
= 11.8,p < 0.001; Fig. 3). The final model includes these significant
fixed cffects, as well as site group because it was part of a significant
interaction {Supplemental Table $3). Significant random effects for
both site and year were also included.
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With respect to water management and inputs into these sys-
tems, June to October includes runoff from rice fields in the form
of maintenance flow and the final drain in preparation for har-

vest {August). November to May corresponds to the flooding of

rice and managed wetlands (October and November) and sub-
sequent runoff and final drame from rice {February) and natural
wetlands {April and May). For the years studxed, 92 & 6% of the
annual rainfall occurred in November to May. During high rain-
fall years or large storm events, regional flooding occurs, result-
ing in runoff from other agricultural fields (and urban areas), and
river water may be diverted into bypasses, both resulting in com-
ingling of water sources, particularly for AgDrain-E.
Methylmercury concentrations did not differ between
Upstream-Sacramento and Upstream-Feather in November to
May (LSM = 0.079 and 0.077 ng LY, respectively: p = 0.3) or Junc
to Ocrober {0.060 and 0.075 ng L™, respectively; p = 0.9) (Fig. 3),
indicating that rice on the east and west sides of the Valley receive
similar MeHg inputs in irrigation water. Upstream-Feather MeHg
concentrations did not differ berween seasons {p = 0.8) (Fig. 3),
but Upstream-Sacramento had slightdy bue significantly higher
MeHg concentrations during November to May (p = 0.002).
During June to October, AgDrain MeHg concentrations
(LSM = 0.097 ng L) appeared elevated compared with other site
groups; however, there were no significant differences (p > 0.05) in
MeHg concentrations among site groups. In contrast, November
to May AgDrain MeHg concentradons (LSM = 018 ng L™ p <
0.05) were significandy higher than November to May Upstream-
Sacramento and Upstream-Feather concentrations. Previous studies
also reported elevated MeHg concentrations in rice drainage water
relative to irrigation water {Alpers et al, 2014; Zhao ct al, 2016).
Similar to AgDrains, downstream MeHg concentrations
were significantly higher than upstream during November to
May, and there was no significant difference between AgDrain
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Fig. 3. Least-squares mean =+ SE of methylmercury (MeHg) concentra-
tions based on mixed-effects modeling for site groups and seasons.
There is a significant interaction between site group and season.

Site groups that were not significantly different during November

to May have the same letter. Site groups did not differ significantly
during June to October. Asterisks (¥) indicate a significant difference
between seasons at each site group. See Supplemental Table 54 for
p-values of pairwise comparisons. AgDrain, agricultural drainage.

and downstream MeHg concentrations during either June to
October or November to May. However, the ﬁow; and loads of
AgDrain, upstream, and downstream sites must be considered
when determining the degree to which AgDrains were influenc-
ing downstream MeHg concenerations.

In this study, Ag Drains exhibited a much stonger seasonal pat-
tern than upstrearn sites, suggesting that rice and wetlands influence
concentrations. Studies in the Yolo Bypass reported a similar sea-
sonal pattern (Bachand cral, 2014; Marvin-DiPasquale et al., 2014;
Windham-Myers et al., 2014b). While MeHg is produced in rice
fields ehroughout the year (Marvin-DiPasquale e al, 2014), transpi-
ration during the growing scason resules in the downward movement
of surface water, causing MeHg to be transported into and stored in
the rootzone (Bachand et al, 2014). The absence of transpiration
during the fallow season allows MeHg to be released into surface
water via diffusion (Bachand et al,, 2014). Addigonally, rice plants
can store a significant amount of MeHg during the growing season
(Windham-Myers et al,, 2014b). Other studies have reported that
MeHg stored in dry sediment may be quickly mobilized into the
water column on flooding (Kelly et al, 1997; Rumbold and Fink,
2006; Alpers et al,, 2014) or proposed that methylation may occur
shortly after inundation (Singer et al, 2016). Thus, the carly grow-
ing season drainage events, in addition to the fallow season, may be
periods of MeHg export from rice. (c.g., Fig. 2B).

Methyimercury Loads

Using all available data, June to October McHg loads for
AgDrainW .. AgDrain-E, Upstrs,’mn chmmcnm, and
Upstream- Feather were (mean £ SD) 0.14 £ 0.03, 023 + 0.03,
22 4 0.3, and 0.88 = 0.3 g d°Y, respectively {Fig. 4). The down-
stream MeHg load is expected o be the sum of all upstream

5
June to October
b
Som
=
08 3
-
g
2 2
0p
I
3
1
O 2%
All § i &I v
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AgDrain Aghrain # Upstream-
{site E) {site W outfall) Feather {site 8}
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Sacramentio {site 11 & 12} placeholder
{site 6)

Fig. 4. June to October methylmercury (MeHg) loads by sampling pro-
gram {indicated by x-axis groups and shading) and site {indicated by
color in legend). Loads from tributary sources are shown as a stacked
bar and are expected to equal downstream load. "All" represents
loads calculated using data from all sampling programs. Error bars
rapresent the standard deviation of sampling program estimates.
Data was not available for Upstream-Feather, so a placeholder (gray)
was used with the value from "All" Color and shading is consistent
with Fig. 5, AgDrain, agricultural drainage.
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wibutary  loads:  Upstream-Sacramento,  Upstream-Feather,
AgDrain W and AgDrain-E. The downstream load (2.5 £ 0.6
gd™) was /% % of the total June to October tributary load (3.4
04gd?).

of v u‘mbzhtv of the tributary load, the downstream load was less

Alchough the downstream load was within thc range

than the aibutary load in both programs where it was measured (1
and V), possibly suggesting MeHg loss. June to Ocrober load esti-
mates differed among datasets by less than a factor of ewo (Fig. 4).
AgDrain loads accounted for 10.7% of the total June to October
upstream tributary load, or 14.8% of the downstream load.
November to May loads made up 70 eo 90% of the total annual
load {within sites), and cstimates differed among programs by
approximately a factor of four (Fig. 5). November to May MeHg
loads for AgDrainW __ . Upstream-Sacramento, Upstream-
Feather, and downstrcam were 022 +0.1,7.3+ 4, 1.7 £ 0.8, and
244 17 gd ™, respectively. November to May loads for AgDrain-E
were not possible to estimate due to gaps in flow data and oodwa-
ter being diverted into and out of the river at a number of locations.
Sampling frequency in this study was lower than recommended
for accurate load calculation (Dolan e al,, 1981). Low sampling
frequency is problemaric because it reduces the likelthood of accu-
rately capruring loads during storm events. This is particulardy
evident for November to May downstream loads, where removal
of onc elevated sample concentration (1.98 ng L™, 13 Feb. 1997,
see Fig. 2A) decreases the downstream load estimate by 40%. This
sample was taken more than a month after 2 major food even,
during an extended period of high flow, and clevared MekHg con-
centrations were also observed at other sites {quality control data
did not suggest this was a result of contamination [Domagalski,
1998]). It is possible that higher concentrations occurred during
the peak of this or other storm events, but samples were not col-
lected then. Therefore, uncertainey surrounding storm event loads
limits our confidence in November to May loads. There are typi-
cally no storm events and MeHg concentrations are less variable
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Fig. 5. November to May methylmercury {(MeHg) loads by site {indi-
cated by color and x-axis groups) and sampling program (indicated
by shading in legend). Note the log scale y-axis. “All" reprasents loads
calculated using data from all sampling programs. Error bars repre-
sent standard deviation of sampling program estimates. Color and
shading is consistent with Fig. 4. AgDrain, agricultural drainage.

during June to October (Fig. 2B}, so the variation in MeHg con-
ceneration can be caprured using fewer samples; chus, the sampling
frequency is likely adequate for June to October loads.

The true MeHg load at a site should be expected to show
considerable interannual variadon, with larger loads occurring
in years with high flow (Hill, 1986). It is important to consider
whether the years measured in this study are representative of
historical low regimes. Hill (1986) recommends using daga from
6 to 7 yr to obtain robust estimates of average annual loads. With
the ex«:ep{ion of downstream, loads presented here were based
on 7 to 9 vr of data, suggesting that this study adequately cap-
tares tha m&rannu&l load variation at these sites. Flow during the
study period was greater than averages of historical average H(m s
at a,il sites except AgD;am--‘W in June to October r\Suppkmmtal
Table S5 and Supplemental Fig. $1), suggesting that loads during
this study may have been higher than historical average loads.

Full accounting of rice field loads requires the toeal MeHg load
from AgDrain-W, which is the sum of AgDrainW . (reported
above) and AgDrainW, . {(not calculated because of missing
flow data). However, AgDrain W, flow dats. from 2007 md
2012 shows that AgDiam W camcd 36 -+ 9% of November to
May flowsand 73 £ 7% orjuns, to October ﬂows from AgDrain-W.
Through discussions with irrigaion diswict managers, we deter-
mined that management of AgDrain-W flows have not changed
since the beginning of the study period (Bair, personal communi-
cation, 2016). Based on the fraction of flows carried by AgDrain-

g the total AgDrain-W load was 0.61 4 0.17 gd ™ in November
to May and 0.19 £ 0.02 g d™ in June to October.

Windham-Myers et al. (2014a) reported MeHg loads exported
from rice fields in the Yolo Bypass. If these loads are extrapolated to
other rice-growing regions and multiplied by the total area of rice
in the Sacramenm Valic:y ( 2 40 000 ha), the pradicmd Maﬁg loads

May, rs,specmcly—an ordcr of magmmdf: higher than the results
of this study. This substantial difference may result from two
potential sources. First, there are known site differences between
the field-scale study site in the Yolo Bypass and typical Sacramento
Valley rice-growing areas. For example, MeHg concenwrations in
irrigation source water were an order of magnimude higher in the
Yolo Bypass than in irrigation source water (Upstream-Sacramento
and Upstream-Feather) in this study. The Yolo Bypass is known to
accumulate Hg-laden sediment during storm events (Springborn
etal,, 2011}, while much of the rice land is not in the path of storm
flows ehat would deliver Hg-laden sediment. Secondly, differences
may result from scale-dependent factors. Bradley er al. (2011)
found that MeHg loads exported from wetland sources overesti-
mated the watershed-scale load because MeHg was lost dhrough
sink processes (including photo- and microbial demethylation and
particle settling) during transport. Windham-Myers etal. (2014a)
showed that rice fields are net MeHg sources; however, aque-
ous MeHg exported from rice fields in Sacramento Valley must
be transported through a network of canals before it reaches the
Sacramento River. Future research should seek to determine the
degree to which MelHg is lost during canal transport and to quan-
tify MeHg budgets for Sacramento Valley rice fields.

Rice Field Drainage Contribution

Elevated Novernber to May downstream concentrations and
the large November to May downstream load relative to the
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upstream tributary loads suggest that the uncalculated November
to May AgDrain-E was considerably larger than AgDrain-W.
However, AgDrain-E carries a mixture of Hoodwater and rice
drainage water, as well as drainage from wetands. Determining
the MeHg load from rice requires further research on the effect of
floodplains on MecHg and the contribution of managed wedands.

It is misleading to consider only MeHg loads exported from
rice becanse fields receive MeHg in irrigation water and atmo-
spheric sources. Irrigation source water (upstream) had a MeHg
concentration of 60 to 70% of that of AgDrain water (Fig. 3).
Due to evapotranspiration and percolation losses, the volume of
drainage water is <40% of irrigation water applied to a rice ficld
during the growing season (Linquist et al, 2015). Thus, growing
season increases in MeHg concentrations berween irrigation and
drainage water during the growing scason were of a similar mag-
nitude to that expected from evapoconcentration alone. The June
to October AgDrain MeHg load contributed to the Sacramento
River may be similar to the MeHg load diverted from the river
for irrigation. During November to May (the fallow scason),
upstream MeHg concentrations were 43% of AgDrain, while
drainage water exports arc cxpected to be a larger fractdon of irri-
gation water applied (no wanspiration is expected in fallow rice
fields), resulting in increased MeHg exports relative to imports.
This is consistent with Bachand et al. (2014), who found thatrice
fields might store MeHg during the growing season but release it
during the winter fallow. Wet and dry aemospheric deposition
may be important sources of MeHg and total Hg (Munthe et al,
1995, Conaway et al., 2010) and have been shown to influence
runoff fluses from catchments (Huleberg and Munthe, 1995).
However, atmospheric deposition data is not available for the
Sacramento Valley. Deposition studies would help quantify the
degree to which rice fields are MeHg sources or sinks.

Elevated November to May AgDrain McHg concentrations
and November to May AgDrainW Joads being fourfold higher
than June to October loads both indicate that November to May
is the period of higher concern for MeHg export from rice felds.
Without knowledge of the full annual cycle of MeHg production
in and export from a system, studies risk missing imporeant peri-
ods of MeHg export. If the environmental management objective
is to reduce annual loads of MeHg, control efforts should focus
on the November to May period, when MeHg concentrations
in AgDrains are elevared. Finally, this study indicates that care
should be taken when extrapolating the impact of rice produc-
tion on MeHg in surface waker at the field w valley scale. While
the seasonal patterns of MelHg concentrations and exports were
similar to those observed at the field scale, there were subsrantial
differences in the magnitudes of concentrations and loads.
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ABSTRACT

Rice (Oryza sativa L.) cultivation is critically important for global food security, yet it also represents a
significant fraction of agricultural greenhouse gas (GHG) emissions and water resource use. Alternate
wetting and drying (AWD) of rice fields has been shown to reduce both methane (CH4) emissions and
water use, but its effect on grain yield is variable. In this three-year study we measured CH, and nitrous
oxide (N,O) emissions, rice grain total arsenic (As) concentrations, yield response to N rate, and grain
yield from two AWD treatments (drill-seeded and water-seeded) and a conventionally managed water-
seeded treatment (control). Grain yields (average=10Mgha~') were similar or higher in the AWD
treatments compared to the control and required similar or lower N rates to achieve these yields.
Furthermore, AWD reduced growing season CH,4 emissions by 60-87% while maintaining low annual N,O
emissions (average=0.38 kg N,O-Nha'); N,O emissions accounted for <15% of the annual global
warming potential (GWP) in all treatments. Fallow season emissions did not vary by treatment and
accounted for 22-53% of annual CH, emissions and approximately one third of annual GWP on average.
The AWD treatments reduced annual GWP by 57-74% and growing season yield-scaled GWP by 59-88%.
Milled grain total As, which averaged 0.114mgkg~! in the control, was reduced by 59-65% in the AWD
treatments. These results show that AWD has the potential to mitigate GHG emissions associated with
rice cultivation and reduce rice grain total As concentrations without sacrificing grain yield or requiring
higher N inputs; however future research needs to focus on adapting AWD to field scales if adoption of
this technology is to be realized.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

important for global food security (Maclean ¢t al, 2002), yet rice
cultivation is a significant source of CH4 emissions (Linguist ef ai,

Agriculture in the 21st century is expected to double food
production to meet the demand from a growing population while
simultaneously reducing its environmental footprint in the face of
challenges like widespread soil degradation, water scarcity, and
climate change (Foiey et al, 2011). Agriculture is responsible for
over half of global anthropogenic non-CO, greenhouse gas (GHG)
emissions, due predominately to nitrous oxide {N,0) emissions
from N fertilization and methane (CH,4) emissions from livestock
and rice (Oryza sativa L.) cultivation {3mith ot al,, 2014). Rice is the
dominant staple crop in much of the world and is critically

* Corresponding author at: Department of Plant Sciences, University of California,
Davis, One Shields Ave., Davis, CA 95616, USA.
E-mail address: gtlabt davis.edu (G.T. LaHue).
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2313), accounting for 9-11% of GHG emissions from agriculture
(Smith et al, 2014), Furthermore, increases in rice production over
the last half-century relied heavily on irrigated rice production,
which is increasingly constrained by water scarcity (Cassinan,
15849). Alternative management techniques are therefore needed
to reduce the environmental burden associated with rice cultiva-
tion without jeopardizing rice production and global food security.

Alternate wetting and drying (AWD) of rice paddies, in which
fields are drained and re-flooded one or more times during the
growing season, has been promoted as a strategy to decrease
irrigation water use and reduce GHG emissions from rice
cultivation while maintaining or improving yields {¥ichards and
Sangder, 2014), It has principally been promoted in Asia, with the
most widespread adoption to date occurring in Bangladesh, the
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Philippines, and Vietnam (Lampayan et al, 2015), While AWD has
been shown to reduce CH, emissions by 48-93% (Linuuist ot al,
205a; Pandey et al, 3074, Qi ef al, 2000, Xu et gl, 24415), it can
result in increased NoO emissions, producing a trade-off between
CH4 and N,O emissions (Ahn ef al, 204d: Yang et al, 3012).
However, in most cases this trade-off does not eliminate the overall
reduction in global warming potential (GWP) associated with AWD
(Linguist er al, 20153 Pandey et al. 2014; Ku et al., 2015). The
effect of AWD management on rice grain yield is less clear. In
studies conducted in China, Beldey et al. {2{134} found that AWD
had no significant impact on grain yield, while ¥u et al, (201%)
observed yield decreases of up to 16%. This variability is likely due
in part to differences in AWD water management between studies,
as AWD treatments may vary widely in their severity (Zhang et al.,
2004 Linguist et al, 20153), timing (Bouman and Tuong, 2001
Linguist et al., 2(315a), and soil moisture monitoring methodology
(e.g. field water tubes (Lampayan et al, 2015), moisture sensors
(Linguist et al, 20153), or tensiometers (Zhang <t ab, 2008)).
However, AWD may also affect grain yield by altering N cycling in
rice systems (Dong et al, 2012). In flooded rice systems, fertilizer N
loss from coupled nitrification-denitrification at the interface of
the aerobic and anaerobic soil layers is generally minimal (Buresh
21 al., 2008). Without careful timing of AWD water management
however, the introduction of aerobic cycles may lead to increased
nitrification and subsequent N loss {including as N,O emissions)
through denitrification upon re-flooding (Cai ¢t al, 1947, Hussain
of al., 2015).

While the effects of AWD on grain yield may vary, AWD has
been shown to have agronomic benefits other than the aforemen-
tioned reduction in CH4 emissions, such as lower grain arsenic (As)
concentrations and reduced water inputs (s et ai, 2013;
Lampayan et al, 2015, Linguist et al, 2015a). There is increasing
pressure to reduce water use in rice systems, as current water use
levels are unsustainable in many rice-growing regions (Steffen
et al, 2815). Water savings of 10-44% have been reported with
AWD, mostly due to the elimination of unproductive flows such as
lateral seepage and deep percolation (Lampayan &t al, 2015;
Linguist et al., 20153; Rejesus et al, 2011). Concerns have also been
raised about As accumulation in rice grains, especially among
populations that have high rice consumption due to cultural
practices or dietary constraints {Gibert-Diamond et al, 2011
Willlams et al, 2047, Zhy et al, 2008), Arsenic may be naturally
present at high levels in some soils (5mith ef al., 2013), or it may
enter agricultural systems through historical pesticide usage or
high-As irrigation water (Smith et al., 1998). Under the reduced
conditions typically associated with flooded rice cultivation, the
more mobile As(lll) form predominates over the strongly adsorbed
As(V) form, resulting in higher soil solution As concentrations and
greater uptake by rice plants (Zhac ot ab, 2010), Decreased grain As
accumulation has been shown with AWD (Linquist et al, 2815a),
since drying events alter the redox potential of the soil and reduce
the mobility and uptake of As.

The reductions in CH, emissions, rice grain As concentrations,
and irrigation water use, as well as the observed variability in rice
grain yield associated with AWD, highlight both the value of AWD
and the importance of evaluating it across a wide range of
agricultural environments. In this study we sought to compare rice
grain yield, yield response to N rate, CH,; and N,O emissions, and
rice grain total As concentrations for conventional flood irrigation
and two AWD treatments in high-yielding California irrigated rice
systems. We hypothesized that with appropriate AWD manage-
ment {careful timing of prolonged flooded periods and rewetting
events), grain yield could be maintained at similar N rates while
reducing grain total As concentrations and the GWP from rice
cultivation.

2. Materials and methods
2.1. Study site description

This study was conducted at the Rice Experiment Station
(39°27'47"N, 121°43/35"W) in Biggs, CA from June 2012 to March
2015, which comprised three growing seasons and two fallow
seasons. Historical management in these fields consisted of
continuously flooded rice cultivation during the growing season
and a flooded period during the winter fallow. The soils at the study
site are an Esquon-Neerdobe complex, classified as fine, smectitic,
thermic, Xeric Epiaquerts and Duraquerts, with approximately 29%
sand, 26% silt, and 45% clay, a pH of 5.3, 1.06% organic C, and 0.08%
total N (Pirtelkow et al, 20312). The soil total As, Cd, Fe, Mn, and Zn
were 0.99 ppm, 0.08 ppm, 30800 ppm, 424 ppm, and 58.8 ppm,
respectively. To measure these elements, the soil was digested
using Aqua Regia; the cations were measured by flame atomic
absorption and the total As was measured by hydride generation-
inductively coupled plasma atomic emission spectrometry. Over
the duration of the experiment, the area received an average of
approximately 405 mm of rainfall annually (~30 mm during the
growing season), with a mean winter air temperature of ~12 °Cand
a mean summer air temperature of ~23 °C (Cik5 2013).

2.2, Treatments

Three water management treatments - drill-seeded with AWD
(DS-AWD), water-seeded with AWD (WS-AWD), and water-seeded
with conventional flood irrigation (control, WS-C) - were
implemented in all three years on 0.3 ha field plots in a randomized
complete block design with three replicates. The treatment layout
in the main plots was maintained over the course of this
experiment, so that each plot had the same water management
treatment for three years. Bunds were compacted with heavy
machinery in order to minimize lateral seepage, but as some lateral
seepage could not be avoided, drainage ditches were constructed
between plots to prevent flooded plots from affecting drained plots
and vice versa. The volumetric water content {8y) was measured
throughout the season for all three replicates of both AWD
treatments using EC-10 soil moisture sensors placed vertically to a
depth of 10 cm (Decagon Devices, Inc., Pullman, WA). For both WS
treatments a continuous flood was initiated immediately after
broadcast seeding (Tabie 1), which was done to simulate the
conventional practice of aerial seeding in California. Pre-germi-
nated seed is typically broadcast into flooded fields by airplane, but
given the scale of this experiment, pre-germinated seed was
broadcast onto dry fields with a tractor-mounted seeder and the
fields were then promptly flooded. The WS-C treatment was
continuously flooded (10-15 cm deep) until physiological maturity
{¥ig. 1A). The WS-AWD treatment was managed identically to the
WS-C treatment (continuously flooded) until constant ceptometer
measurements indicated that canopy closure was achieved
(51days after planting on average). This initial flooded period
was included in the WS-AWD treatment since the timing of
flooding is critically important for weed control (Tucng =t al.,
24), and having complete canopy coverage reduces the potential
for weed problems associated with draining a field; this also
coincides with when complete fertilizer N uptake is observed in
WS rice systems that are managed as outlined here (Linguist et al.
2008), After this point the floodwater was allowed to subside {via
evapotranspiration and percolation), the soils were dried until the
average Oy of the three replicates reached 0.35m?>m™2, and the
plots were then re-flooded to the same 10-15 cm floodwater depth
maintained in the WS-C treatment. Floodwater was held during
anthesis and grain fill, as water stress at these times can result in
yield reductions of 60-75% (Baorjung and Fukal, 1898); as a result,
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Table 1
Dates of important management practices for the 2012-2014 rice growing seasons.
Management 2012 2013 2014
ws-¢ WS-AWD DS-AWD Ws-C WS-AWD DS-AWD Ws-C WS-AWD DS-AWD
Planted 6 June 6 June 6 June 23 May 23 May 23 May 21 May 21 May 21 May
Fertilized 1 June 1 June 2 July 21 May 21 May 20 June 19 May 19 May 16 June
Flooded 7 June 7 June - 25 May 25 May - 25 May 25 May -
Flushed - - 8 June - - 25 May - - 25 May
- - 20 June - - 6 June - - 6 June
DS Flood - - 20 July - - 20 June - - 16 June
AWD Flood - 14 Aug. 13 Aug. - 23 July 23 July - 22 July 21 July
- 28 Aug. 27 Aug. - 15 Aug. 15 Aug. - 13 Aug. 13 Aug.
- 15 Sept. 14 Sept. - - - - - -
- 1 Oct. 1 Oct. - - - - - -
Drained NR” NR NR 14 Sept. 14 Sept. 20 Sept. 7 Sept. 7 Sept. 16 Sept.
Harvest 7 Nov. 7 Nov. 7 Nov. 11 Oct. 11 Oct. 11 Oct. 1 Oct. 1 Oct. 9 Oct.
Winter flood 19 Nov. 19 Now. 19 Nov. 18 Now. 19 Now. 19 Nov. 21 Oct. 21 Oct. 21 Oct.

? The treatments are: water-seeded with conventional continuous flood irrigation (WS-C), water-seeded with alternate wetting and drying (WS-AWD), and drill-seeded

with alternate wetting and drying (DS-AWD).
b Dates not recorded are indicated by “NR”.

only two drain events comprised AWD water management in this
experiment {¥ig. 1 B). Typical management for DS systems involves
muiltiple flush irrigations (and/or rainfall) for stand establishment.
In this experiment the DS-AWD treatment was flush irrigated
twice after planting dry seed with a tractor-pulled drill seeder
(Fig. 1C; Table 1); N fertilizer was applied approximately one
month after planting and a flood was initiated immediately
thereafter {also typical of DS systems). The initial flood period was
maintained for 25-28 days to ensure complete fertilizer N uptake
before the drying event and to achieve full canopy coverage as in
the WS treatments. Water management in the DS-AWD treatment
after canopy closure was the same as in the WS-AWD treatment,
though the DS-AWD plots were drained for harvest a week later
due to delayed maturity (Fig. 1; Table 1)

2.3. Field management

Fields were planted with the rice variety M206 in all years of the
experiment at the standard grower rates of 112kgha~! (DS) and
168 kgha~' (WS). Weed control was achieved using herbicide
applications typical for these systems. In 2013 and 2014, N-trial

May Aug Sep
Date

Fig. 1. Growing season water management for the three treatments: A) water-
seeded with conventional continuous flood irrigation (WS-C), B) water-seeded with
alternate wetting and drying (WS-AWD), and C) drill-seeded with alternate wetting
and drying (DS-AWD). Gray shading indicates periods during which fields are
flooded. Seeding and nitrogen fertilization are indicated by “+5” and “+N”
respectively.

subplots (3 by 6 m) were established in each main plot with N rates
of 0, 60, 120, 180, and 240kgNha~", and the location of these
subplots was changed between years. Fertilizer was surface-
applied as urea and lightly incorporated into the soil in the WS
plots prior to planting, while in the DS plots urea was broadcast
approximately four weeks after planting and immediately prior to
the extended flood period (Tabie 1; Fig. 1). All plots received 50 kg
P,05 ha~! and 50 kg K,0 ha~" prior to planting. The initial flood (or
flush for DS-AWD) was initiated on May 25th in 2013 and 2014, and
the fields were drained for harvest on September 14th or 20th in
2013 and September 7th or 16th in 2014, with the earlier dates
corresponding to the WS plots and the later dates corresponding to
the DS plots (Tabde 1), Grain yields were measured using a small
plot combine (the harvest area was approximately 10 m?) and
adjusted to the standard 14% moisture content. Prior to the
combine harvest, whole plant subsamples were taken from each
N-trial plot, oven-dried, and the grain and the straw were
separated for calculation of the harvest index. Following harvest
the rice straw was lightly incorporated in all plots and the plots
were subsequently flooded for the winter fallow season to
facilitate rice straw decomposition (Linguist ef al., 2046), Further
management details and dates can be found in Taise 1.

2.4. Soil analyses

During the 2014 growing season, soil samples were taken
weekly from the 0 and 180kgNha~! subplots in each main plot
over a 5-week period that immediately followed N fertilization in
the DS-AWD plots and included the first floodwater drain in the
AWD plots. Samples were homogenized and stored on ice for less
than 24 h before measurement of total soil extractable N (NH;*~-N
and NO3;7-N). Three sub-samples (20g) of each soil sample were
added to 100 mL of 2 M KCl and mixed for one hour on a mechanical
shaker. The solution was filtered through Whatman No. 42 filter
paper {GE Healthcare UK Limited, Buckinghamshire, UK) and
stored at 4°C prior to colorimetric analysis for NH;"-N and NO; -
N on a spectrophotometer (Keeney angd Nelson, 1983),

As field measurement of soil water potential was not practical
due to the shrink-swell characteristics of the smectitic clays, a soil-
moisture release curve was measured in the laboratory from 0 to
50 kPa on homogenized sieved soils using pressure cells according
to methods adapted from Bane et al {20(2). In brief, a composite
sample from all nine field plots was re-packed into three replicate
cores, saturated for at least 48 h, and inserted into pressure cells
connected to a pressurized gas cylinder at the top and a 100 kPa
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ceramic plate and a volumetric cylinder at the bottom; the volume
of water released by the cores was measured as the pressure was
increased in 5 kPa steps and enough time passed between pressure
steps for hydraulic equilibrium to be achieved. The mean soil 0y
was just above 0.35m®>m™ at a water potential of —50kPa
(unpublished results), which is consistent with published esti-
mates of soil-water characteristics for similarly textured soils
(Baxton and Rawls, 2006),

2.5. Arsenic analysis

Milled rice grain samples were ground to a fine powder using a
UDY Cyclone Sample Mill (UDY Corporation, Fort Collins, CO).
Samples were mixed with 5 mL of HNO3, 2 mL 25% HCl, and 1.5 mL
H>0 and digested in a Milestone Ultrawave microwave system
pressurized to 40 bar, slowly ramping to 260°C and holding for
25min (pressure in the chamber during digestion will reach
130bar), cooled, and diluted to 15mL volume with deionized
water, This method has been shown to recover all of the organic As
by hydrolysis, while cooler temperatures may not hydrolyze DMA-
As. Total As in the digests was measured using hydride generation.
An aliquot of the digest was transferred to a separate tube, and
3mL of 5% potassium iodide/5% ascorbic acid, 2.5mL of 1.73 M
sulfamic acid, and 1.5 mL concentrated HCl were mixed with 4 mL
of the sample to reduce all arsenate to arsenite. Using a mixing
block, the pre-reduced solutions are combined with 0.5% sodium
borohydride in 0.05% sodium hydroxide in order to analyze for
total As using a flow injection hydride generation system with
inductively coupled plasma-atomic emission spectrometry. NIST
and other standard reference materials with certified total As
concentrations were analyzed with all batches of samples, as were
blanks; testing of the recovery of As from spiked samples and
blanks was also conducted. All quality assurance checks were
within the normal variance range of the standards.

2.6. Greenhouse gas measurements and flux calculations

Greenhouse gas samples were taken daily to weekly during the
2013 and 2014 growing seasons, and daily to monthly during the
winter fallow seasons. During periods of high variability, such as
floodwater drain events, sampling was conducted every day or
every other day. Closed vented flux chambers were used for gas
sampling, which consisted of a permanent base installed prior to
each field season, a variable-height extension to accommodate rice
plants, and a sealed chamber with a vent tube for pressure
equalization (Adviento-Barbe et al,, 2013, Pittelkow et al, 2012).
Gas samples (25 mL) were taken through silicon septa at 21, 42, and
63 min and injected into pre-evacuated 12.5-mL glass vials (Labco
Ltd., Buckinghamsire, UK). Four ambient gas samples were also
taken at Omin during each sampling event, Gas sampling was
conducted between 09:00 and 12:00h, as soil temperatures and
gas fluxes are expected to be representative of their average daily
values during this time period (Advientn-Borbe et al, 201%). In
order to minimize the effects of intensive gas sampling on the rice
plants, two collars were installed per main plot and sampling
alternated between collars. Boardwalks were established prior to
each field season so as to minimize soil compaction and prevent
artificially inflated flux values. A more complete discussion of the
sampling protocol for GHG flux measurements can be found in
Adviento-Borhe et al, (2013

All samples were analyzed for CH4 and N>O peak area on a GC-
2014 gas chromatograph equipped with a 53Ni electron capture
detector set at 325°C for N.O concentrations and a flame-
ionization detector (FID) for CH4 concentrations (Shimadzu
Scientific, Inst, Columbia, MD, USA). Nitrous oxide was separated
by a stainless steel column packed with Hayesep D, 80/100 mesh at

75°C. The detection limits of the GC instrument were 2.2 pgs~! for
CH4 and 0.3pgs™! for N,O. Results of the GC analyses were
accepted if voltage output produced a linear relationship with the
gas concentrations of CH, and N,O standards with r*>0.99 (1, 3.05,
and 9.95 ppm for N,0; 1.8, 10.18, 19.7, 100, 503, and 1020 ppm for
CHy4); the peak area for each gas sample was then converted to a
concentration based on this linear relationship. Fluxes were
estimated from the linear increase of gas concentration over time,
and gas concentrations were converted to elemental mass per unit
area(gha—'d~")using the Ideal Gas Law with the chamber volume
measured at each sampling event, the chamber air temperature
measured as each gas sample was taken, and an atmospheric
pressure of 0.101 MPa. Fluxes of CH,; and N,O were computed as:

F="X_Xx (1)

where F is the gas flux rate (gN,O-N or CH,~Cha~'d™1), AC/At
denotes the increase or decrease {N>O only) of gas concentrationin
the chamber (gL~'d™!), V is the chamber volume (L), A is area
covered by the chamber {(ha), and « is a conversion coefficient for
elemental C (& =0.749) or N (& =0.636). For N,0, a t-test was used
to determine if each gas flux was significantly different from zero
at p <0.05. Similar to other studies {Adviento-Borbe ot al, 2013,
Linquistetal, 2015a; Plttelow et al., 2012), gas fluxes with a linear
correlation below a predetermined threshold (r*>0.9) were
treated as missing data, and those that were below the GC
detection limits were set to zero flux for data analysis. Individual
flux values were integrated across all time points with linear
interpolation to calculate cumulative seasonal emissions (spring
tillage to harvest), cumulative fallow season emissions (non-
growing season emissions), and cumulative annual emissions.

2.7. Data analysis

All data met the assumptions of normality and homogeneity of
variance without transformation. Growing season GWP, fallow
season GWP, and annual GWP were calculated for a 100-yr time
horizon using radiative forcing potentials with climate-carbon
feedbacks relative to CO, of 34 and 298 for CH; and N-O
respectively (Myhre of al, 201%). Yield-scaled GWP (GWPy) was
calculated as the ratio of growing season GWP {kg CO,-eq ha™') to
grain yield (Mgha™!). We used PROC MIXED in SAS® software
Version 9.4 for analysis of variance on cumulative growing season,
fallow season, and annual CH,4 emissions, N>O emissions, and GWP
with an adjusted Tukey means separation (SAS Institute Inc., 2013).
The year was included as a repeated effect as the treatment layout
was maintained over the course of this experiment. The same
model was used for analysis of variance and means separation on
grain total As concentrations, rice grain yield, and yield-scaled
GWP, though grain yield was analyzed separately for each year due
to a significant year by treatment interaction. The water
management treatment (DS-AWD, WS-AWD, WS-C) was included
as a fixed effect, block and the block by treatment interaction were
included as random effects, and other interactions were included
to the degree that it minimized the corrected Akaike Information
Criteria (AICC).

3. Results and discussion
3.1. Water management and grain yield

The yield potential was the same for all water management
treatments (10-11 Mg ha™!) in both years that the yield response to

Nrate was evaluated (¥ig. 2). Rice grain yields at the conventional N
rate of 180kgNha™! were similar for all water management
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Fig. 2. Nitrogen response curves for the three water management treatments
(water-seeded with conventional continuous flood irrigation (WS-C), water-seeded
with alternate wetting and drying (WS-AWD), and drill-seeded with alternate
wetting and drying (DS-AWD)) during the 2013 and 2014 growing seasons. Grain
yields are standardized to 14 percent moisture content and error bars represent the
standard exror of the mean grain yield at each N application rate.

treatments in 2012 and 2013 (average=9.86 and 10.46Mgha™'
respectively), whereas in 2014 the grain yield in the DS-AWD
treatment was significantly higher (10.78 Mg ha~') than in the WS-
Ctreatment (8.12 Mg ha™?; Table 2). The reported effect of AWD on
grainyield is highly variable: while some studies have shown that
AWD can decrease rice grain yield (Linguist et al., 2075a; X et ai,,
2014%), many other studies have shown no change in yield (Balder
et al., 2004, Dong ef al, 2012, Pandey ot al 2’3&4 Yao ef al., 2132)
or even an increase in yield with AWD (Li ., 2(13), This
variable yield response to AWD is not surprising glven the wide
range of water management regimes that are classified as AWD,
and the importance of AWD severity and timing in determining
grain yields (Boonjung and Fukal, 1996). For example, a field
experiment in China showed that allowing sandy loam soils to dry
to —15 kPa prior to rewetting increased grain yield by 11%, but yield
was reduced by 32% when fields were allowed to dry to —30kPa
before rewetting (Zhang et al., 2009). Similarly, the practice of “safe
AWD?” promoted by the International Rice Research Institute uses a
water level of 15 cm (>--10 kPa) in perforated field water tubes as
the threshold for rewetting in order to avoid a yield penalty
{Bournan et al., 2007). This threshold has been supported by many
field observations (3ong et al, 2012; Pandey et al, 2014, Yao ot sl

20312), though in rare cases yield reductions have been observed
with even less severe drying regimes (Lagomarsine et al, 2018).
Yield reductions have frequently been observed with more severe

drying reglmes (Bouman and Tuong 2001, Lingeist et al, 20154
X et al, 20158).

In this study the AWD treatments involved rewetting when the
Oy dropped to 0.35m?>m™3; in contrast, the yield decrease with
AWD reported by Linguist 21 al, (2015a) involved rewetting fields at
a Oy of 0.16-0.24 m> m~>. No yield decline was observed in our
study as a result of this higher minimum soil water content
(Table 2). While soil 8y is a relatively easy measurement for
management decisions, soil water potential better describes the
soil water status with respect to plant uptake and stress {Hitlel.
2030:4), The soil 8y at rewetting in our study corresponded to a
lower soil water potential (-50 kPa) and thus a more severe AWD
regime than that in many studies that reported a yield loss with
AWD (Baumnan and Tuong, 2001, Xu et al, 2013; Zhang et al., 2009),
Differences in varietal response to AWD management may offer
one explanation for this contradiction, as observed by ¥ et al.
{2{¥1%} in response to the same intermittent irrigation treatments.
Nonetheless, this variable yield response to soil water potential is a
significant obstacle to AWD adoption, as it makes it difficult to
determine a precise threshold soil water potential for rewetting in
order to prevent ayield penalty. Furthermore, soil water status can
be highly heterogeneous even within fields at the scale of
commercial rice production, which may result in variable yields.
Targeted research is needed to adapt AWD regimes to local
production environments and field scales in order to reduce risk-
related barriers to AWD adoption.

3.2. Nitrogen management

The agronomic and economic performance of an AWD
production system is tied not only to optimal grain yields, but
also to the N rates required to achieve these yields. The N response
curves were similar for all treatments in 2013, with yield increases
observed until 180kgNha™?, and no further increase in yield at
higher N rates (fig. 2). In 2014 however, both WS treatments
showed vyield increases up to 240kgN ha~', while the DS-AWD
treatment obtained its maximum yield at 180kgNha™! (Fig, 2).
Although the yield potential was the same for all treatments in
each year, in 2014 the WS treatments thus required approximately
60 kg N ha~! more fertilizer to achieve this yield (Fig. ; Tabie 2).

‘ozie of al {1897) reported increased fertilizer N recovery in DS
systems, but more recent work in California with similar early-
maturing medium grain varieties (M-202, M206) has shown no
significant differences in optimal N rates between DS and WS
systems (Fittelkow et al, 3012, Pittelkow et al, 2014a), Lower grain
yields in the WS treatments were observed even in the zero N
subplots (Fig. 2), suggesting that indigenous soil N may have been
lost from the WS treatments by denitrification or by nitrate
leaching with deep percolation. Denitrification can be a significant

Table 2
Rice grain yield, growing season GWP, and yield-scaled GWP at the conventional N rate of 180kgNha™! for the 2012-2014 growing seasons.
Treatment” Yield? Growing Season GWP GWP-Y
(Mgha™') (kg COy-eq ha™") (kg COz-eq Mg™)
2012 2013 2014 2013 2014 Mean 2013 2014 Mean
WS-C 9.94" a 107 a 812 b 5518 6553 6035 a 516 818 667 a
(0.919) (0.241) (0.568) (1143) (884) (101) (137)
WS-AWD 10.6 a 101 a 9.24 ab 2387 2334 2361 b 245 257 251 b
(0.409) (0.670) (0.219) (574) (797) (67.6) (94.1)
DS-AWD 9.04 a 10.7 a 108 a 819 987 903 b 77.0 915 843 b
(1.02) (0.123) (0.195) (67.1) (231) (6.63) (20.9)

2 Grain yield was analyzed separately for each year due to a significant year by treatment interaction.
b The treatments are: water-seeded with conventional continuous flood irrigation (WS-C), water-seeded with alternate wetting and drying (WS-AWD), and drili-seeded

with alternate wetting and drying (DS-AWD).

¢ The standard error of the mean for each value is indicated in parentheses and values followed by the same letter are not significantly different at p < 0.05.
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Fig. 3. Total soil extractable N content (NH;"-N and NO; -N) during the 2014
growing season in the 0N and 180N subplots for all three main plot treatments.
Error bars represent the standard error of the mean. The treatments are: water-
seeded with conventional continuous flood irrigation (WS-C), water-seeded with
alternate wetting and drying (WS-AWD), and drill-seeded with alternate wetting
and drying (DS-AWD). Fertilizer N application was done on 6/16 in the drill-seeded
plots and on 5/19 in the water-seeded plots. Gray or white shading indicate dates
during which the AWD plots were flooded or drained respectively.

loss pathway under flooded conditions if relatively high nitrate
concentrations are present before flooding (Buresh et al, 2008),
Nitrate leaching can also be an important loss pathway in rice
fields where high water losses from deep percolation are observed
(Chowdary et al,, 2004), though previous studies in conventionally
irrigated California rice systems have shown that nitrate leaching is
minimal and that combined losses from deep percolation and
lateral seepage represent less than 15 percent of total water inputs
(Liang ot al., 2014; Linquist ef al, 2015h).

The introduction of aerobic cycles with AWD has the potential
to increase N losses due to increased nitrification and subsequent
denitrification (ai et al, 1997; £l et 3k, 1899), It is therefore
critical that soil inorganic N levels are low prior to initiating AWD
water management in order to avoid these types of losses. Soil
extractable N levels were measured in the O N and 180 N subplots
of all treatments during the 2014 growing season (¥ig. 3). Soil N
levels in the 180N subplots dropped to almost zero before the
floodwater completely subsided (approximately 49 and 29days
after N fertilization in the WS and DS treatments respectively). This
synchronization of water management with soil N levels resulted
in minimal N losses during the aerobic drying cycles, as evidenced
by negligible N2O emissions during the drying cycles (Fig. 4).
Importantly, neither AWD system (DS or WS) required increased N
rates to achieve optimal yields relative to the conventional (WS-C)
treatment.

3.3. Greenhouse gas emissions and global warming potential

Methane dominated the annual GWP of all three water
management treatments during both years (94% on average), with
its contribution ranging from 86% (DS-AWD) to 99% (WS-C;
Table 3). During the growing season, daily CH4 emissions in the
WS-C plots increased to 87 kg CO,-eq. ha™! by August 5th in 2013
and to 80kg COy-eq. ha™! by July 16th in 2014, after which point
emissions began to decline (Fiz. 4 A-B). Growing season CHy
emissions in the WS-C treatment were 133 kg CH,;-C ha™! when
averaged betweenyears (Tal:'e %), whichis in good agreement with
the global 100 kg CH,-C ha™! average reported in a meta-analysis
by Linguist 2t al. {2812), Growing season CH4 emissions ranging

from 11 to 338 kg CH,4-C ha—! have been reported for California rice
systems (Pittelkow et ai, 2013, Pittelkow ot al, 2014 Shmmonds
ef al, 2015).

The DS-AWD and WS-AWD treatments reduced growing season
CH4 emissions by 87% and 60% respectively (Tahie 3), due to the
introduction of aerobic conditions by the first AWD drain event and
negligible subsequent CH4 emissions (Fig. 4 C-F). A significant
portion of growing season CH,4 emissions, 10% on average, comes
from a spike in CH4 emissions during the end-of-season drain
(Advientn-Borbe 2t al, 20315). While this was observed both years
in the WS-C treatment, minimal CH,; emission spikes were
observed in the AWD treatments (Fig. 4). The reduction in growing
season CH4 emissions in the AWD treatments can therefore be
attributed to negligible CH4 emissions following the first drying
event and greatly reduced end-of-season CH4 spikes (Fig. 4;
Table 1), The 66% reduction in growing season CH, emissions
observed in the DS-AWD treatment relative to the WS-AWD
treatment can likely be attributed to intermittent aerobic
conditions in the DS plots during flush irrigation for crop
establishment (Fig. 4; Table 3); a similar 47% reduction in growing
season CH4 emissions over WS systems was seen in continuously
flooded DS California rice systems {Pittelkow et al, 2014a).

While AWD consistently decreases growing season CHyi
emissions, N,O emissions usually increase and can negate the
reduction in GWP from reduced CH,4 emissions (&kivama et al.
2805, Lagomarsine ¢t al, 20186). Although nitrification is normally
minimal in conventionally flooded fields, limiting N-O loss as a by-
product of both nitrification and denitrification, the introduction of
aerobic periods could allow for nitrification of fertilizer NH,* and
thus greater denitrification losses (Buresh et al, 200%), Coordina-
tion of water management and N application timing is therefore
required to prevent high N,O emissions from offsetting reductions
in GWP. In this experiment, all plots were flooded after N
application and remained flooded until soil extractable N levels
dropped to approximately zero (Fig. 3); as a result subsequent N,O
emissions were negligible (Fig. 4A-F). Some N,O peaks were
observed after the first two flush irrigation events for crop
establishment in the DS-AWD treatment in 2014 (Fig. 4F), though
these peaks accounted for only 11% of growing season GWP
(Table 3). In contrast, N,O fluxes were negligible (with the system
possibly acting as a sink) during the growing season in the WS-
AWD and WS-C treatments {Tabie 3).

Fallow season emissions can account for a significant fraction of
annual GHG emissions from rice systems. No significant differ-
ences in fallow season CH,; emissions were observed among
treatments in this study, indicating that the effects of AWD on CH,4
emissions do not extend beyond the growing season (Tabla 3).
Although CH,4 emissions during this flooded winter fallow period
were generally low and relatively constant, spikes were observed
during the spring drain for most treatment-year combinations
(¥ig. 4 G-H). Fallow season CH4 emissions accounted for 22% of
annual CH,4 emissions in the WS-C treatment; this compares to an
average of 20% and a 5-55% range reported in similar California rice
systems (Advicnto-Borbe ot al, 2013 § rald et al, 2008
Bittelkow ot al, 201% Bittelkow et 3l 2014a). Due to lower
growing season CH, emissions, fallow season emissions accounted
for 27% and 53% of annual CH4 emissions in the WS-AWD and DS-
AWD treatments respectively (Tabie 3). Fallow season N0
emissions peaked after floodwater was drained in the spring
and were similar between treatments, comprising 68% of annual
N2O emissions in the DS-AWD treatment and 100% of annual N,O
emissions in the WS treatments (Fig. 4 G-H; Table 3). Fallow
season emissions comprised 36% of annual GWP on average,
ranging from 22% in the WS-C treatment to 55% in the DS-AWD
treatment. In comparison, Adviento-Borbe of al {2813} reported
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Fig.4. Methane (CH,) and nitrous oxide (N,0) emissions during the growing season (A-F) and winter fallow period (G-H) for 2013-2014 and 2014-2015. Exror bars represent
the standard error of the mean and “N” indicates fertilization with urea. The treatments are: water-seeded with conventional continuous flood irrigation (WS-C), water-
seeded with alternate wetting and drying (WS-AWD), and drill-seeded with alternate wetting and drying (DS-AWD). The average volumetric water content (8y) of each AWD
treatment is also shown throughout the growing season and gray shading indicates periods during which fields are flooded. Note that the scale for the fallow season plots is

different in order to accommodate the spike in CHy emissions during the spring drain.

that fallow season emissions accounted for approximately 13% of
GWP in conventional flooded California rice systems.

Annual CH; emissions were reduced by 57-78% in the AWD
treatments, with the greatest reduction corresponding to the DS-
AWD treatment (Table 3). Annual N,O emissions represented only
0.6%, 2.0%, and 14% of annual GWP in the WS-C, WS-AWD, and DS-
AWD treatments respectively; except for the DS-AWD treatment,
the N,O emissions as a percent of annual GWP were lower than the
10-18% reported for conventional flooded systems (Linguist ot ai,
2, Pirrelkow et al,, 2014h). As CH, was therefore the dominant
GHG emitted from all treatments, a 57-74% decrease in annual
GWP was observed with AWD (Tabie 3). Given the growing global
food demand, it is increasingly important to evaluate agricultural
GHG emissions with respect to crop productivity (Pitieikow et ak,

28114ks). The yield-scaled GWP was reduced by 59-88% with AWD
as a result of similar grain yields among all treatments (Tahie 2).
These reductions in GWP are similar to those reported by other
studies, though the magnitude of the reduction depends on the
specific AWD regime (Linguist et al, 2815a; Pandey et al, 2014; ¥u
et al, 2013).

3.4. Rice grain arsenic

Milled rice grain total As concentrations in the WS-C treatment
were similar between years (average =0.114 mg kg~ ; Tabie 4), and
comparable to the average grain total As concentration of
013 mgkg ' reported for California, but lower than the reported
U.S. average of 0.19mgkg™" (Favala and Dusbury, 2008). Brown
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Table 3

37

Growing season, fallow season, and annual cumulative CH, emissions, N>O emissions, and GWP for 2013 and 2014, with growing season emissions measured in the

180kgNha~! subplots.

Treatment? Growing Season Fallow Season Annual
CH4 N>O CH, N2O CH4 NoO GWP
(kg CH4-C ha™t) (kgN,0-Nha ') (kg CH4-C ha™") (kgN,0O-Nha™") (kg CH4-C ha™?) (kgN,0O-Nha™?) (kg COz-eq ha™")
2013
Ws-C 1228 -0.022 17.1 0.126 139 0.103 6354
(25.3) (0.012) (9.36) (0.047) (21.4) (0.048) (951)
WS-AWD 53.0 —0.038 7.81 0.199 60.8 0.161 2835
(12.6) (0.003) (1.93) (0.042) (13.0) (0.038) (572)
DS-AWD 17.0 0.103 15.4 0.387 324 0490 1702
(2.10) (0.069) (8.10) (0.162) (6.00) (0.231) (373)
2014
WS-C 145 —0.025 65.7 0.126 210 0.101 9596
(19.7) (0.020) (215) (0.051) (38.9) (0.034) (1783)
WS-AWD 51.7 -0.028 36.6 0.149 883 0.122 4067
(17.6) {0.001) (812) (0.013) (24.8) (0.012) (1132)
DS-AWD 184 0.320 255 0422 440 0.743 2345
(6.27) (0.139) (2.82) (0.079) (813) (0.217) (303)
Means
WS-C 133 ¢a —0.024 a 414 a 0126 a 175 a 0102 a 7975 a
WS-AWD 523 b —0.033 a 222a 0174 a 74.5 ab 0142 a 3451 ab
DS-AWD 177 b 0212 a 205a 0405 a 382b 0616 a 2023 b

2 The treatments are: water-seeded with conventional continuous flood irrigation (WS-C), water-seeded with alternate wetting and drying (WS-AWD), and drill-seeded

with alternate wetting and drying (DS-AWD).
b The standard error of the mean for each value is indicated in parentheses.

© For each emissions category values followed by the same letter are not significantly different at p < 0.05.

rice grain total As concentrations were 31% higher on average (WS-
C average = 0.143 mg kg~!; Tabie 4), which is consistent with other
studies showing preferential accumulation of As in the rice bran
and a higher percentage of inorganic As in brown rice (dehars
ot al., 2008; Z2hao et al, 2018), Although the U.S. Food and Drug
Administration noted that the As levels found in rice samples were
too low to cause any short-term adverse health effects, the effects
of long-term exposure are less clear (FI34, 2(13). The FDA has not
yet set regulatory limits for rice grain As, but the Food and
Agriculture Organization of the United Nations and the World
Health Organization have set voluntary recommended inorganic
As limits for polished (milled) rice at 0.2mgkg™' (Codex
Alimentarius Comunission, 2014), While the total grain As values
in our study are below this limit regardless of the treatment, it is
nevertheless important to have agronomic strategies to reduce rice
grain As concentrations. Aerobic periods introduced by AWD
would favor the oxidation of As(Ill) to As(V), which is less mobile
and thus less bioavailable for uptake and incorporation into the
rice grain (Arac et al, 2004, Zhao et al. 201%). The DS-AWD
treatment reduced grain total As concentrations by 57% for brown
rice and by 59% for milled rice, while the WS-AWD reduced grain

o
3

Table 4

total As by 63% and 65% for brown and milled rice respectively
(Table 4). This reduction has been confirmed by other studies and
suggests that AWD may be a viable option to reduce rice grain As
concentrations (M ef al, 2013, Linguist ¢t al., 2015a).

Results from this study and others indicate that the timing of
AWD drain events may have an important effect on grain As
concentration. This study suggests that late-season drain events
have a greater impact on lowering grain As concentration than
early-season drains, as evidenced by the similar grain total As
concentrations in the DS-AWD and WS-AWD treatments despite
primarily aerobic soils in the DS-AWD treatment during the first
month of the season and flooded anaerobic soils in the WS-AWD
treatment (¥ig. 1; Table 4). Early season AWD followed by
continuous flooding similarly resulted in grain total As levels
comparable to continuous flooding (Linguist et al, 2013a). Arac
2t al. {2009} also showed that flooding late in the season (after
heading in this case) increased inorganic As levels more than
flooding early in the season (before heading). Root and shoot total
As generally decrease from early tillering to grain fill, which
suggests at least some early season uptake and translocation (i
et al, 2{13), Nevertheless, intermittent irrigation following the

o
g

Grain total As concentrations for milled and brown rice samples harvested during the 2013 and 2014 growing seasons.

Grain total arsenic (mgkg™!)

Treatment? 2013 2014 Means
Brown Rice Milled Rice Brown Rice Milled Rice Brown Rice Milled Rice

WS-C 0.136" 0.103 0.149 0125 0143 « 0114 a
(0.016) (0.018) (0.017) (0.015)

WS-AWD 0.054 0.037 0.051 0.041 0053 b 00395
(0.005) (0.002) (0.004) (0.004)

DS-AWD 0.056 0.043 0.067 0.050 0.061b 0.046 b
(0.004) (0.001) (0.006) (0.005)

2 The treatments are: water-seeded with conventional continuous flood irrigation (WS-C), water-seeded with alternate wetting and drying (WS-AWD), and drill-seeded

with alternate wetting and drying (DS-AWD).
® The standard error of the mean for each value is indicated in parentheses.

¢ For each category values followed by the same letter are not significantly different at p < 0.05.
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start of reproductive growth decreased brown rice As concen-
trations relative to continuous flooding by almost as much as
season-long intermittent irrigation (Mu ef al, 20613),

4. Conclusions

In this experiment it was found that AWD has the potential to
minimize the environmental impacts of rice cultivation while
maintaining optimal agronomic performance in high-yielding
California rice systems. While other studies have shown that AWD
can reduce GHG emissions, water use, and grain As, this has
frequently come at the expense of reduced grain yield. In contrast,
the AWD treatments in this study significantly reduced GHG
emissions and grain total As with no reduction in grain yield.
Despite these potential benefits, there are significant obstacles to
the adoption of AWD in California and across the U.S.—principally
limited information on AWD management at large scales and the
risk of yield loss with improper management. With research
focused on adapting AWD to field scales, adoption of AWD has the
potential to accomplish multiple agronomic and environmental
objectives, and should be considered as a viable option for GHG
mitigation and rice grain As reduction.

Acknowledgements

We would like to thank the California Rice Research Board for
funding this research and the UC Davis Department of Plant
Sciences for funding G. T. LaHue with a Departmental Graduate
Student Research Assistantship. We would furthermore like to
thank Cesar Abrenilla, John Stogsdill, Kyle Anderson, and Matt Espe
for their help with data collection, field management, and
statistical analysis, as well as the entire UC Davis Agroecosystems
lab, and Amy Poet and Carrie E. Green of the ARS lab in Beltsville,
MD.

References

phinal i
31} sende

ble data, Gt
. salkd, A Baba '

MERETAIG {
CreEnatien

ft Lo save water and

- hdanas

Codex Alimentarius Commission, 2014. Report of the Eighth Session of the Codex
Commlttee on Contammants m Foods ] oint FAO/WHO Food Standalds

ews/stury oy

Binchers. 47, 166- 174.
FDA, 2013. FDA Statement on Testing and Analysis of Arsenic in Rice and Rice

oo ation cap

Liud, B, Nie, L, G
bause gas eodssi

forms. b Page, AL,
2. American Soct

Draft_0009839



G.T. LaHue et al./ Agriculture, Ecosystems and Environment 229 (2016) 30-39 39

Yedo ¢ E‘Mi <. 5’( HER

systents for fmpy over weed oy
JRA R KA
p}'tr‘H\U'v"}, ML Adviernito-
IOEN
yoethane &
it Ay
wedbowy, CML,
Hovwath, W
raethaog &

4013 E
’u variety o
val iowdands ¢

vane and ydorous
arigatorn. Phys.

Rlchalds M Sande1 B.0O, 2014. Alternate Wetting and Drying in Irrigated Rice:
Implementatlon Guldance for Pohcymakels and lnvestox Internet Resource.

AR
Y

M.,
Seasenal et

vice cultivars in divect-sesded 5
Synith, B, Na;d&., R, Adstan, AN, 1998, Arsenic in
i»s ) Agroreoy Vo

Sm]til DB Cannon W.E., Woodruff, L.G., Solano, F., Kilburn, J.E., Fey, D.L.,, 2013.
Geochemical and mineralogical data for soils of the conterminous United
States: U.S. Geol. Surv. Data Ser. 801, 19 pp.. i

Draft_0009840



Crops Researdt {2008) T3

Contents lists available at 3cic

Field Crops Research

journal homepage: www alsevisr camilonateiiss

Impacts of variable soil drying in alternate wetting and drying rice systems
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ARTICLE INFO ABSTRACT

Keywords: Continuously flooded rice systems are a major contributor to global rice production and food security. Allowing
Oryza sativa the soil to dry periodically during the growing season (such as with alternate wetting and drying irrigation -
Intermittent irrigation AWD) has been shown to decrease methane emissions, water usage, and heavy metal accumulation in rice grain.
Root However, the effects of AWD on rice yields are variable and not well understood. A two-year study was es-
g;ﬁg;‘eml tablished to quantify the impacts of a range of treatments differing in AWD severity (degree of soil drying

between flooding events) on yield (as well as factors that may affect yields), soil hydrology in the soil profile, and
grain arsenic (As) concentrations relative to a continuously flooded control (CF). Three AWD treatments of
increasing severity were imposed between full canopy cover (around 45 days after sowing) and 50% heading:
AWD-Safe (field was reflooded when the perched water table reached 15 cm below the soil surface) and AWD35
and AWD25 (field was reflooded when the soil volumetric water content at 0-15 em depth reached 35% and
25%, respectively). During the drying periods, the 0-15cm soil layer in the AWD-Safe remained saturated,
whereas in AWD35 and AWD25 the soil dried to the desired volumetric water contents. In contrast, soil moisture
at 25-35 cm below the soil surface was similar across all treatments. Yield was not reduced in any of the AWD
treatments, compared to the CF control. There were no consistent differences in yield components, *3C dis-
crimination, and N dynamics. Results suggest that the availability of water and the presence of roots at the
25-35 cm soil depth during the drying periods ensured that the crop did not suffer drought stress and thus yields
were maintained. Grain As concentration in the AWD-Safe treatment was similar to that in the CF control but
decreased by 56-68% in AWD35 and AWD25. AWD-Safe is often promoted as a means of practicing AWD
without reducing yields; however, in this study this practice did not reduce grain As concentration because the
soil did not reach an unsaturated state. These findings demonstrate that knowledge of surface and subsurface
hydrology, and the root system are important for understanding the potential of AWD.

Plant water status

1. Introduction 201%), and heavy

metal accumulatxon in the grain I'e g & {24419} for mercury;

ng et

Rice is a staple crop for almost four billion people and the demand
for rice is expected to grow through 2025 in response to increasing
population (Bouman, 2007). About 75% of global rice production is
grown in irrigated lowlands (IRE1, 317), where the fields are usually
continuously flooded throughout the growing season. While con-
tinuously flooded rice systems are highly productive, they are asso-
ciated with a number of issues including high water use (Bouman et al.,
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hao ef al. {2010 for arsenic]. Therefore, the development of systems
that maintain or increase yields while reducing these negative impacts
are important for meeting sustainable intensification goals (G
and Garnett, 2004).
Alternate wetting and drying (AWD) has been proposed as an irri-
gation practice that has the potential to achieve these goals in rice
systems. With AWD, fields are subjected to intermittent flooding, where
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irrigation is interrupted and water is allowed to subside via evapo-
transpiration and percolation until the soil reaches an aerobic state,
after which the field is reflooded. Compared to continuously flooded
rice systems AWD has been shown to reduce water use by 23-33%
i 2017), reduce greenhouse gas emissions (methane plus
nitrous oxide) by 45-90% (Lirwpist e al,, 24158a), and reduce methyl-
mercury and total arsenic concentration in rice grain by 38-60%
(Rewhenberg ov al, 3018 Tanver of al, 2018) and 50% (Das ot al,
2018), respectively.

While the negative impacts of continuously flooded rice systems can
be addressed with the implementation of AWD, in many cases yields are
reduced. Based on a meta-analysis, Carvijo of al. {2017} found that the
degree of soil drying during the drying events (termed AWD severity)
was critical to ensuring that yields were maintained. They reported that
compared to continuous flooding, yvields were not reduced with mild
AWD (soil water potential at root depth > —20kPa or perched water
did not drop below 15 ¢m from the soil surface) but were reduced on
average by 23% with severe AWD (soil water potential at root
depth < —20 kPa).

Yield reductions observed using severe AWD may be due to a
number of factors. First, it may be water stress. The sensitivity of rice to
unsaturated soil conditions can be attributed at least in part to its
shallow root system (Parernt «t al., 2310). Second, AWD may result in
increased N losses due to mtrlﬁcatlon and denitrification (Pa

%4314}, which can lead to reduced plant N uptake. Third, dllowmg the
soﬂ to dry early in the season can promote weed growth (de ¥ries et al.,
24140), leading to increased competition and lower yields. Finally,
drying events can increase blast (Magnaporthe oryzae) pressure, a major
disease of rice which reduces yields (Bidzivski ov al., 2016).

There is a high degree of variation across AWD studles with respect
to how yields respond to AWD (Carriio or al, 2017). Lacking in most
studies is an understanding of soil hydrology and rooting patterns
throughout the rooting depth. Deep roots may be critical for water
extraction during the drying periods in AWD (Ladlow and Muochow,
1494) provided that sufficient water is available at depth. Also, at issue
is the question of how do AWD benefits (i.e. reductions in methane and
heavy metal accumulation) vary with changes in AWD severity. Few
studies have evaluated these effects despite the wide range of AWD
severities reported in the literature. Therefore, the objective of this
study was to establish a range of treatments differing in AWD severity
to quantify impacts on yield (as well as factors that may affect yields
such as yield components, N uptake, root traits, carbon isotope dis-
crimination), soil hydrology throughout the rooting depth, and grain As
concentrations.

Ca

HEES A1

cal,

2. Material and methods
2.1. Study site characteristics

A two-year field experiment was conducted at the Rice Experiment
Station (39°27’47”N, 121°43’35”W) in Biggs, CA during the summers of
2015 and 2016. The soil at the site was a Vertisol, comprised of fine,
smectitic, thermic, Xeric Epiaquerts and Duraquerts, with a soil texture
of 29% sand, 26% silt and 45% clay, a pH of 5.3, 1.06% organic C and
0.08% total N (Pistedkow et al., 2012). The concentrations of total As
and Cd in the soil were 3.85mgkg ' and 0.2mgkg ! respectively.
Total As in the soil was measured through digestion with nitric, sulfuric
and perchloric acids up to 310 °C on a programmed heating block. The
digested solution was reduced so that all arsenic species were trans-
formed to arsenite and quantified by inductively coupled plasma (ICP)
atomic emission at 194 nm using hydride vapor generation (Tracy ot al,
1990). Total Cd in soil was obtained through digestion with nitric acid
and hydrogen peroxide in a closed vessel microwave system (Sah and
Mitler, 1843), followed by quantification using ICP-mass spectrometry.
The climate at the site is Mediterranean with a mean annual pre-
cipitation of 472 mm and average daily temperatures of 15.5 °C (CIdE5,

102
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Table 1
Summary of management practices in 2015 and 2016.

Crop development and general management practices

2015 2016

Date DAS Date DAS
Fertilization® May 18 -2 May 237 -1
Sowing May 20 0 May 24 0
Initial flood May 22" 2 May 260 2
Canopy cover =60% Jul 1% 42 Jul 11 48
50% heading Aug 11% 83 Aug 12% 87
Pre-harvest drain Sep 7™ 110 Sep 19% 118
Harvest Sep 30" 133 Oct 20™ 149

Water management in AWD treatments
2015 2016
Date DAS Duration® Date DAS Duration
Start of 1% drying Jul 7% 48 Jul 122 49
period”
AWD-Safe reflooded Jul15® 52 3
AWD3S5 reflooded Jul16™ 57 9 Jul19® 56 7
AWD25 reflooded Jul 19" 60 12 Jul 2274 59 10
Start of 2 drying Jul 27" 68 Jul 26® 63
period

AWD-Safe reflooded Jul 20 66 3
AWD35 reflooded Aug 3¢ 75 Aug 2™ 70 7
AWD25 reflooded Aug 9™ 81 13 Aug5™ 73 10

® Except for N fertilization in the microplots in 2016, which was done im-
mediately prior to the initial flooding of the field.

® The start day of a drying period was considered the day when the perched
water table was at the soil surface.

¢ Duration refers to the number of days from the start of a drying period to
reflooding. DAS = days after sowing.

%6317). The total precipitation and average daily temperature during
each growing season was 5.2 mm and 22.6 °C in 2015 and 10.1 mm and
21.7°C in 2016 (CIdES, 2017), respectively.

2.2. Treatments and experimental design

In 2015, two AWD treatments (AWD35 and AWD25) were com-
pared to a continuously flooded (CF) control irrigation treatment, and
an additional AWD treatment (AWD-Safe) was added in 2016. The plots
were comprised of 0.3 ha basins, which were precision leveled and had
no slope. The basins were separated by levees and drain ditches below
the field soil level were constructed between basin levees to prevent
lateral seepage between basins. Treatment position within the experi-
mental field was re-randomized in each year. In both years, treatments
were arranged in a randomized complete block design with three re-
plications. More detailed information about the treatments and other
management practices are reported in Tabie 1.

In the CF treatment, the field was flooded from sowing to about 3
weeks before harvest. In the AWD treatments two drying periods were
imposed where the irrigation was interrupted and the floodwater (i.e.
perched water table) was allowed to subside until a certain point before
being reflooded. In AWD35 and AWD25 the field was reflooded when
the soil moisture at 0-15cm soil depth reached 35% and 25% volu-
metric water content, respectively. In AWD-Safe the field was reflooded
when the perched water table reached 15 cm below the soil surface
(Larnpayan e al, 2013). Except for the two drying periods, irrigation,
nutrient and pest management in the AWD treatments was similar to
the CF control. The first drying period began in all AWD treatments
when canopy cover across all plots reached a minimum of 60% (on
average 45 days after planting). This was done to suppress weeds that
may germinate in unsaturated soil (Rae «t al,, 2007) and ensure that
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most of the fertilizer N had been taken up to avoid N losses via coupled
nitrification-denitrification (Linguist et al, 2006; Lakue ot al, 2018).
Canopy cover was monitored weekly (until the start of the AWD cycles)
using a line quantum sensor attached to a datalogger (model Li-1400,
Li-cor Inc., Lincoln, NE, USA) and was calculated as in Eq. {1}

incident light — transmitted light
incident light

Canopy cover(%) = 100 x o
where incident light is the radiation (umols™ m~ %) measured above
the canopy and the transmitted light is the radiation (umols™'m %)
measured below the canopy. The second drying period began in all
AWD treatments approximately one week after the AWD25 treatment
was reflooded (from the first drying period). All AWD treatments were
reflooded from the second drying period before 50% heading. In both
years, there was no precipitation during the drying periods.

1

2.3. Field management

In both years, 504 kgha ™! of fertilizer (34-9-5-1.8 N-P-K-S) was
banded at a soil depth of 5-7 cm prior to planting. This fertilizer was a
blend of mono-ammonium phosphate, urea, ammonium sulfate and
muriate of potash, which provided a total of 171, 45, 25 and 2kgha™ !
of N, P30s5, K;O and S, respectively. Seeds of the medium grain variety
M-206 were broadcasted onto the dry soil at the rate of 168kgha™*,
after which the basins were flooded. Herbicides were applied as ne-
cessary during the first six weeks of crop development, as is common
practice in farmers’ fields and were similar for all treatments. About 3
weeks before harvest all plots were drained and allowed to dry in
preparation for harvest.

2.4. Soil moisture measurements

In both years, soil volumetric water content at 0-15 cm depth was
monitored throughout the season using soil sensors (Decagon Devices
10HS, Inc., Pullman, WA) connected to data loggers. The 10 cm-long
sensor probes were installed vertically in the soil, with their centers
being positioned at 7.5 cm soil depth. The sensor had a volume of in-
fluence of 1L, which spanned from 0.5 to 14.5 c¢m soil depth. In 2015,
two sensors per plot were used in all plots, whereas in 2016 one sensor
per plot was used in all AWD treatments and one sensor was used in a
CF plot. In all plots, sensors were installed at least 6 m from basin edges.

Soil water potential, perched water table, and soil gravimetric water
content were measured only during the drying periods in 2016. Sensors
were installed and measurements were taken at least 6 m from plot
edges. Soil water potential was measured at 0-15cm depth using
electrical resistance sensors (Watermark 200SS, Irrometer Co Inc.,
Riverside, CA). The 8.3 cm-long sensor probes were installed vertically
in the soil, with their centers being positioned at 7.5 cm soil depth. One
sensor per plot was used in all AWD treatments and one sensor was used
in a CF plot. The perched water table was measured using 5cm dia-
meter polyvinyl chloride tubes perforated with holes approximately
1 cm in diameter and spaced 2 cm apart. The tubes were inserted into
the soil after drilling a hole of the exact same diameter and the water
level inside the tube was measured with a ruler. All plots were equipped
with one 20 cm deep tube (30 cm long with 20 cm below the soil sur-
face), and two of the AWD25 plots contained one 50 cm deep tube
(60 cm long with 50 cm below the soil surface). In the AWD35 plots the
perched water table eventually dropped below the 20 cm tube depth
and thus could not be measured. For these situations, the perched water
table in the AWD35 plots was estimated to be the same as what was
concomitantly measured in the 50 cm deep tubes in the AWD25 plots
or, if a concomitant measurement was not taken, values were inter-
polated assuming a linear change between the two closest measure-
ments in time (using both measurements from the 20 cm deep tubes and
50 cm deep tubes). Soil gravimetric water content (GWC) was measured
immediately before each reflooding event in all AWD treatments, and,
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by means of comparison, two similar measurements were made in the
CF control coinciding with the two drying periods imposed in the AWD
treatments. Soil GWC was determined by taking four samples per plot to
a depth of 35 cm using a 1.7 em diameter soil core. Samples were sec-
tioned and pooled into three soil depths (0-15cm, 15-25cm and
25-35cm) and dried at 105 °C until constant weight. Soil gravimetric
water content, GWC (%), was calculated as in Eq. {2}

GWC:lOOx(W'D)

(2)

where: W = sample wet weight (g), D = sample dry weight (g).

2.5. Root measurements

Root measurements were taken in 2016 prior to and after the im-
position of the two drying periods, so that all plots were flooded when
roots were sampled. Four soil samples per plot were taken to a depth of
35 cm using a 1.7 em diameter soil core, sectioned and pooled into the
three soil depths (0-15cm, 15-25cm and 25-35c¢m). Samples were
washed to remove soil using a 0.1 mm mesh screen and roots were
manually separated from organic material. Roots were scanned and
analyzed using WinRHIZO software (Regent Instruments Inc., Québec
City, QC, Canada) and finally dried at 60°C and weighed. For each
sample, total root length was determined. Root length density (RLD, cm
root cm ™~ soil) and specific root length (SRL, cm mg ™ ') were calcu-
lated for each soil depth as in Eqgs. {3} and {4}, respectively:

RL

RLD:4><(£—)2><72><CL

(3

where: RL = total root length present in the sample, given by WinR-
HIZO (cm), and CL = sample core length (cm).
RL

SRL = oo @

where: RM = oven-dried root mass present in the sample (mg).

2.6. Yield, yield components and AY*C

When plants were mature, a small plot combine (2.18 m wide) was
used to harvest four sample areas of approximately 13 m? within each
treatment plot. The sample areas were at least 5m distant from the
border of the plot. Grain moisture was measured for each sample, yields
were corrected to 14% moisture and the average of the four samples
was considered the plot yield. Yield components were obtained by
manually harvesting a 1 X 1m (1 m?) subplot and subsampling ap-
proximately 20% of the fresh biomass. Panicles and tillers in the sub-
sample were counted. The number of spikelets per panicle and per-
centage of unfilled grains per panicle were obtained from 30 panicles
representative of the subsample. Grains were oven-dried at 65°C,
weighed and adjusted to 14% moisture for the estimation of yield.
Straw was oven-dried at 65 °C, weighed and the harvest index was
obtained as the mass ratio of grain to total aboveground biomass. In
2016 only, grain size was determined by weighing 1000 grains and
correcting for 14% moisture.

To determine if the crop experienced drought, carbon isotope
composition analysis was performed on the straw dry matter obtained
from the subplot used for yield component analysis. Straw samples were
ground first in a laboratory mill (Model 4, Thomas Wiley, Philadelphia,
PA, USA) fit with a 4 mm screen, and then in a ball mill to pass a 250 pm
sieve, after which they were submitted to the Stable Isotope Laboratory
at UC Davis for analysis. Carbon isotope discrimination (A3C) was
calculated according to Favguhar of al. {1989} and assuming a carbon
isotope composition of the air of —8%.
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2.7. Field measurements for N uptake determination

Microplots (2.25 m?) were established to quantify plant N uptake,
and its partitioning between fertilizer- and soil-derived N. Immediately
prior to the initial flooding of the field, microplots received 180 kgha ™!
of N (approximately the same rate as that applied to plots) in the form
of ammonium sulfate enriched with 1.1% of >N. A solution was pre-
pared by diluting ammonium sulfate enriched at 10 atom% into water,
and 615 mL was applied uniformly to each microplot using a sprinkling
can. Except for N fertilization, management in the microplots was the
same as in the plots.

When plants were mature, the above ground biomass of all plants
within a 0.5m?® area in the center of each microplot was manually
harvested and a subsample of approximately 50% (fresh weight basis)
was oven-dried at 65 °C until constant weight. Grains were separated
from straw so that grain and straw yield were recorded separately.
Straw was ground first in a laboratory mill (Model 4, Thomas Wiley,
Philadelphia, PA, USA) fit with a 4 mm screen, and then in a ball mill to
pass a 250 um sieve, while grains were ground in the ball mill only. In
the center of the harvested area, a 1.7 cm diameter soil core was used to
take samples (five per microplot} at 0-15 cm and 15-30 em soil depth.
This same procedure was conducted outside the microplot (approxi-
mately 10m away) for the determination of "N natural abundance.
Soil samples were either air-dried (2015) or oven-dried at 60 °C (2016)
until constant weight, after which they were homogenized using mortar
and pestle and then ground in a ball mill to pass a 250 ym sieve. In
addition, bulk density was determined using a 4.5 cm diameter soil core
(one per microplot) taken inside the harvested area at the 0-15 em and
15-30 ¢cm soil depths. Bulk density samples were oven-dried at 105 °C
until constant weight. Grain, straw and soil samples, in addition to a
sample of the °N enriched fertilizer solution, were analyzed for N
concentration and '°N atom% concentration at the Stable Isotope
Laboratory at UC Davis.

N atom% excess (AE, %) in grain, straw, soil and fertilizer was
calculated as in Eq. {3}

&)

where AC is '°N atom% concentration (%) and AC,, is '°N natural
abundance (%), which was determined as the average PN atom%
concentration (%) of all plots soil samples (0-15 and 15-30 c¢cm) col-
lected outside the microplot area.

Total N (TN, kg ha ') in grain, straw and soil was calculated as in
Egs. {1 and (7

AEgmin,stramr,soiljertilizer = A 1Cgmin,stmw,soL'l,fertilizer - Acnat

6)
@)

TJ\'{gmin,straw = 'grain, straw X ngin,stmw
TNsoit = Nyoiz X BD X SD X 10000

where N is N concentration (gg ~1), Y is yield (kg ha™'), BD is soil bulk
density (kg m~ %), and SD is soil layer depth (m).

Fertilizer N recovery (FNR, %) in grain, straw and soil was calcu-
lated as in Eq. {&}:

AEgm in,straw,soil T*’ngin,straw,soil

F NRgrain,straw,soil = 100 X

AErgticer 180 (8)
Fertilizer use efficiency (FUE, %) was calculated as in Eq. {$}:
FUE = FNRguin + FNRypa ©)
Fertilizer loss (Loss, %) was calculated as in Eq. {10}
Loss = 100 — (FNRgqins + FNRgraw + FNRgoi1) 10

Plant total N uptake (N1, kg ha ') was calculated as in Eq. {11}k

Notar = TNgrain + TNotraw (1

Plant N uptake derived from the fertilizer (Neriizer, kg ha 1) was
calculated as in Eq. {12}

[N
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(FNRgain + FNRgyaw) X 180
100

N}el'lilizer = o)
Plant N uptake derived from the soil (Ng;, kg ha™ 1} was calculated
asin Eq. (i3}

J = 3T,
Nsoii - Motal - I\Jjemllzer

a3

2.8. Grain total As concentration

Rice grains were dehulled, polished, and ball milled to pass a
250 um sieve. Samples of 0.5 g (two analytical replicates per plot) were
digested in glass digestion tubes by adding 5mL of nitric acid (trace
metal grade, 67-70%, Fisher Chemical, USA) and allowing it to dissolve
overnight at room temperature. Samples were further digested in a
heating block at 105 °C until the cessation of a brown fog, and then at
120 °C until complete dryness. The ash was re-dissolved with 10 mL of
0.28 M nitric acid and filtered using a syringe filter (0.45 um), taking
care to discard the first 1 mL of the filtrate. The extract was then diluted
5-fold with 18.2 MQ ecm water (Barnstead Nanopure).

Total As in samples was quantified by inductively coupled plasma
mass spectrometry (ICP-MS 7900, Agilent Technologies, Santa Clara,
CA, USA) with a detection limit of 0.01 ug L™ '. As was monitored at m/
z of 75 and selenium was also monitored (m/z 77, 78 and 82) to check
for polyatomic *°Ar*°Cl interferences on m/z 75. No interferences were
observed. Every 10 samples, one blank, one fortified sample, and one
certified reference material (1568b, National Institute of Standards and
Technology, Gaithersburg, MD, USA) were included as quality control
samples. All quality control elements were within the standard quality
control criteria, as defined in the FDA Elemental Analysis Manual (¥134,
201 2).

2.9. Data analysis

All statistical analyses were performed in R software (R Care Team,
i818). For all measurements with the exception of RLD and SRL, a
linear model was fit for each year of experiment including block and
treatment as fixed effects. An analysis of variance was conducted fol-
lowed by means separation using the Fisher Least Significant Difference
method. Analyses on RLD and SRL were done by fitting a linear mixed
effects model with block, treatment and time (and the interaction be-
tween treatment and time) as fixed effects and plot as a random effect,
and an analysis of variance was followed by means separation using the
Tukey test.

3. Results
3.1. Soil moisture dynamics during the drying periods

The duration of the drying periods in the AWD treatments (i.e. from
the day the perched water table was at the soil surface until the field
was reflooded) varied from 3 days in AWD-Safe to 13 days in AWD25
(fable 1). From sowing to maturity (pre-harvest drain), volumetric
water content (VWC) in the 0-15cm soil profile in the CF control
averaged 47% in 2015 and 50% in 2016 (¥ig. 1). In the AWD-Safe
treatment, the minimum VWC was 41% and 44% in the first and second
drying periods of 2016, respectively. In both years, the minimum VWC
in the AWD35 and AWD25 treatments was close to what was targeted
and ranged from 30 to 33% in AWD35 and 24 to 28% in AWD25.

Soil water potential (SWP) at 0-15 cm depth never dropped below
zero in the CF, as expected (¥ig. 2a). Similarly, in the AWD-Safe
treatment the SWP never dropped below zero even during the two
drying periods. In contrast, negative SWP values were observed in the
AWD35 and AWD25 treatments beginning four days after the start of
each drying period (i.e. perched water table at the soil surface). The
minimum SWP, measured immediately before the first and second
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Fig. 1. Volumetric water content measured throughout the season at 0-15 cm depth. Average standard error across all measurements was 0.84%, 0.77%, and 0.85%
in CF, AWD35 and AWD25, respectively, in 2015, and 1.1%, 1.4%, and 1.7% in AWD-Safe, AWD35 and AWD25 in 2016.

reflooding events was, respectively, —32 kPa and —35kPa in AWD35,
and —69kPa and —73kPa in AWD25.

The perched water table, measured when the drying periods were
imposed in the AWD treatments in 2016, averaged 13 cm above the soil
in CF (¥ig. ¥b). The AWD-Safe was reflooded when the perched water
table was —19cm (first drying period) and —20cm (second drying
period), thus slightly lower than the targeted value of —15cm. The
AWD25 was reflooded when the perched water table was —38 cm and
—43 cm at the end of the first and second drying periods, respectively.
The estimated perched water table in the AWD35 treatment was
—31cm and —34 cm at the end of the first and second drying periods,
respectively.

While SWP and VWC were measured only at 0-15 cm, gravimetric
water content (GWC) was measured at deeper soil layers immediately
before each reflooding event. At 0-15 cm soil depth, GWC followed the
same trend as VWC, increasing in the order: AWD25 < AWD35 <
AWD-Safe < CF, although the difference between AWD-Safe (44 and
42% at the end of the first and second drying period) and CF (47% at
the end of both periods} was not significant (¥ig. 3). Differences be-
tween the treatments became less evident with increasing soil depth
and were not significant at 25-35cm, with GWC ranging across
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treatments from 26 to 30% and from 25 to 29% at the end of the first
and second period, respectively. In addition, GWC changes with soil
depth were different between the treatments. For example, in the CF,
AWD-Safe and AWD35 treatments, GWC decreased with soil depth,
with the decline being highest in the CF treatment and lowest in the
AWD35 treatment. In contrast, GWC increased slightly with soil depth
in the AWD25 treatment.

3.2. Crop parameters

The AWD treatments did not impact yield in either year compared
to the CF control (fahie 2). Averaged across treatments, yields were
13.7tha" ' in 2015 and 11.3tha"! in 2016. Similarly, there were no
consistent differences in the measured yield components between
treatments (Table S1, Supplementary Material). On average, respec-
tively for 2015 and 2016, there were 880 and 559 tillers per m?, 873
and 553 panicles per m?, 85 and 91 grains per panicle, 14% and 8%
unfilled grains, and a harvest index of 50% and 51%. In 2016, the 1000-
grain weight at 14% moisture was 30 g.

Carbon isotope discrimination analysis showed similar A'>C values
across the treatments in both years. Averaging across treatments, A'°C

Draft_0009845



D.R. Carrijo et al. Field Crops Research 222 (2018) 101-110

A Days after sowing (DAS)
35 40 45 50 55 60 65
g wlutulu LG oo I

AN
&

L
S

PN
S

i B | AWED-Safe

1N
)

o
&

Soil water potentist (kPa)

&
&

<3
S

&
&

o
£ tn
P

b2 W
oD

[
<

RN
=

Perched water table (cm)
8 o

30 e A Y IBE%
40 v AWDE csimated** :
-50

Fig. 2. Soil water potential at 0-15 cm soil depth (A) and perched water table (B) measured throughout the AWD cycles in 2016. Arrows indicate reflooding events.

Bars represent standard errors of means.
"AWDs: values above — 20 cm are averages of all AWD plots (n = 9), measured using the 20 cm deep tubes, and values below — 20 cm are averages of two AWD25

plots, measured using the 50 em deep tubes. **AWDs estimated: values were obtained by interpolation.

values were 20.5%o (ranging from 20.4 to 20.6%o) in 2015, and 20%o between treatments (Taiie 3). Similarly, in both years, plant N con-
(ranging from 19.4 to 20.2%o) in 2016 (Table S1, Supplementary tributions from soil and fertilizer, FUE and the total amount of fertilizer

Material). N unaccounted for (Loss) were the same among treatments. Averaged
In both years, there were no differences in plant total N uptake across treatments, N recovery in soil at the 0-15 cm depth was 22% in
A Gravimetric water content (36} B Gravimetric water content {%}
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Fig. 3. Soil gravimetric water content at the end of the first (A) and second (B) drying periods in 2016. Measurements in AWD treatments were made immediately
prior to reflooding. Measurements in CF were made coinciding with each drying period for comparison. Bars represent standard errors of the means. For each soil
depth and drying period, different letters indicate significant differences (p < 0.05) between the treatments.
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Table 2

Yield (adjusted to 14% moisture) in 2015 and 2016. There was not an AWD-
Safe treatment in 2015. Numbers in parenthesis are standard errors. Different
letters in a column indicate significant differences (p < 0.05) between treat-
ments.

Yield (t ha)

Treatment 2015 2016
CF 13.8 (0.08) a 11.4 (0.08) a
AWD35 13.5(0.15) a 11.4 (0.09) a
AWD2S5 13.7 (0.43) a 11.1 (0.28) a
AWD-Safe 11.4 (0.18) a
Table 3

Plant (straw + grain) total N uptake (Nya), based on N analysis. Fertilizer-
derived N uptake (Npepitizer), soil-derived N uptake (Ngoy), fertilizer use effi-
ciency (FUE) and fertilizer losses (Loss) are based on 1SN analysis. Numbers in
parenthesis are standard errors of means (n = 3). Within each year, different
letters in a column indicate significant differences (p < 0.05) between treat-
ments.

Treatment Year Niotal Nrertilizer Nsoil FUE (%) Loss (%)
(kgha™") (kgha™1)  (kgha 1

CF 2015 157 (11) a 59 (8)a 98 (4) a 33(5) a 49 (6) a
AWD35 158 (8) a 51(6)a 107 (5) a 28 (3)a 44 (5) a
AWD25 144 (18) a 42 (4) a 102(15) a 23 (2)a 48 (6) a
CF 2016 139(200a 33(1.3)a 106(22)a 18(0.7)a 41(3)a
AWD35 124 (4) a 33(27)a 91 (4)a 19(1.5a 42(2)a
AWD25 140 (3) a 34(03)a 106(2)a 19(0.2)a 30(16)a
AWD-Safe 157(4)a 40(23)a 117(5)a 22(1.3)a 33 a

2015 and 43% in 2016, and at the 15-30 cm depth was 3% in 2015 and
1% in 2016 (data not shown).

Root length density (RLD} and specific root length (SRL) were de-
termined before and after the imposition of the two drying periods.
There was no difference between treatments in the initial RLD and SRL
measurements taken before the drying periods were imposed (Tabie 4).
After the AWD treatments were imposed, the RLD at 0-15cm and
15-25cm soil depth was similar in all treatments; however, at the
deepest soil layer measured (25-35 ¢cm) RLD was higher in AWD-Safe
(1.6 cm cm ™3} than in CF and AWD25 (both being 0.8 cm cm ™~ 3), while
plants in AWD35 had an intermediate RLD (1.4cmem ™ 3). Across all
treatments, final RLD at 25-35 c¢cm represented only 6% of total RLD,
whereas 89% of total RLD was found in the top 15 cm of the soil. The
SRL after the imposition of the treatments was not different between the
treatments in any of the soil depths measured.

Table 4
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Fig. 4. Grain arsenic concentration in polished rice. Bars represent standard
errors of means. Different lower and upper-case letters indicate significant
differences (p < 0.05) between the treatments in 2015 and 2016, respectively.
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3.3. Grain arsenic concentration

In both years, the AWD35 and AWD25 treatments provided similar
reductions in grain As concentration (61% and 68% in 2015, 56% and
58% in 2016, respectively) compared to CF (¥ig. 4). In contrast, the
AWD-Safe treatment had similar grain As concentration as the CF
control.

4. Discussion
4.1. Soil moisture dynamics and crop parameters

This study evaluated a range of AWD severities. In the least severe
treatment (AWD-Safe) the soil at 0-15cm depth remained near sa-
turation (i.e. SWP close to 0) and required a drying period of 3 days. In
the AWD35 treatment the SWP (0-15cm) reached —34KkPa and re-
quired a drying period of 7 days. In the most severe drying treatment
(AWD25), the SWP (0-15 cm) reached —71 kPa and required a drying
period of 11 days. Casrijo et al. {28417} in their analysis of factors af-
fecting yields under AWD classified drying periods as severe (below
—20kPa) and mild (greater than — 20 kPa). Based on this, both AWD35
and AWD25 are considered severe drying periods, which usually lead to
yield penalties (Carrijo et al., 2017). Despite this, yields and yield
components were not affected in our study.

One concern with introducing aerobic periods is the potential for
nitrogen losses via nitrification and subsequent denitrification.
However, N dynamics were not affected by the different water man-
agement treatments as plant total N uptake, including the partitioning
between fertilizer- and soil-derived N, were similar among treatments
in each year (Tabiz 3). Others (e.g., Beis ot al, 3018, LalHue e sl

Root length density and specific root length at different soil depths measured prior to (initial) and after (final) the two AWD drying cycles in 2016 (i.e. all
measurements taken during flooded soil conditions). Numbers in parenthesis are standard errors of means. Within each root trait, different letters in a column

indicate significant differences (p < 0.05) between the treatments.

Initial Final
Soil depth (cm) 0-15 15-25 25-35 0-15 15-25 25-35

Root length density (¢cm cm™3) CF 69 (1.4 a 1.5(0.5) a 1.5(0.6) a 17 (6.7) a 1.5(0.3) a 0.8 (0.03)b
AWD-Safe 40(08) a 1.4(0.7) a 1.5{03)a 20.7 (2.5) a 1.5(0.4) a 1.6 (0.2) a

AWD35 44(0.2)a 1.1(02)a 1.7 (05) a 189 (1.2)a 101 a 1.4 (0.2) ab

AWD25 6.2(2)a 141 a 1.2(02)a 20 (0.9) a 101 a 0.8 (0.04) b

Specific root length (cm mg’l) CF 154 (1.1} a 181 4.7) a 14.6 (0.8) a 17.7 (5.5) a 11.7 (0.9) a 12.8(2.3)a
AWD-Safe 16.1(1.5) a 134 (2.0) a 21.7(6.3) a 27339 a 13.6 (1.6) a 19.7 (1.9} a

AWD35 16.9 (2.0) a 27.3(8.4) a 17.2(23) a 203 (23) a 16.6 (6.9) a 21.5(1.2)a

AWD25 14.8 (1.0) a 21.3 4.3} a 147 (1.0) a 243 (34) a 12.5(2.7) a 143 4.7) a
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2018) reported similar findings, and Laiiue et sl {3014} attributed the
lack of difference in total N uptake on the fact that the drying and
reflooding events occurred when there was little mineral N in the soil.
Indeed, the decision to delay the first drying event until canopy cov-
erage (about 45 days after planting) was to ensure low soil mineral N
levels during the dry down period. £3ang et ab, (83312} found that AWD
triggered N losses via nitrification and denitrification compared to a
flooded control; however, those losses were quantitatively insignificant
and did not affect total plant N uptake or fertilizer use efficiency. Fer-
tilizer N losses were similar between years and ranged from 30 to 49%
(Talste 3). These losses are roughly comparable to the 50% reported by
Bird {26311, also in California rice systems. Further, the small
fraction of >N recovered at 15-30 cm soil depth suggest that fertilizer
loss by leaching was negligible. Rice soils in California are typically
heavy clays with low percolation, and nitrate leaching has been shown
to be negligible (Liang et al., 2{¥14). These results indicate that if AWD
as practiced here is implemented, no additional input of N fertilizer is
required.

Carbon isotope composition analysis can be used as an indicator of
water stress since stressed tissues often show higher >C composition
and thus lower discrimination against the heavier isotope (lower A™*C
values) as a result of a decrease in stomatal conductance (Lanih
et al., d08). Lower discrimination, represented by AYC values, have
been reported as a result of drought stress in rice (Centritta et al., 3049
Kondo or al, 204G4). Carbon isotope discrimination analysis performed
on the vegetative plant tissues showed no differences between treat-
ments. Thus, our results indicate that plants in the AWD treatments did
not encounter drought stress, supporting the fact that there was no yield
reduction, compared to CF.

Unique and important for understanding the results of this study is
the quantification of soil moisture below what is typically considered
the rice root zone (0-15cm). The analysis of GWC in the soil profile
during the drying periods indicated that differences in soil moisture
across treatments became less with soil depth and at the deepest depth
examined (25-35 cm) were not significantly different from each other.
Assuming that the soil in the CF treatment was saturated at 25-35cm
during the time the AWD treatments were drying (which all happened
after the CF treatment had been flooded for at least 48 days), this soil
layer was also saturated in the AWD treatments. Thus, even though
during the drying periods in AWD35 and AWD25 the soil was dry at the
surface (0-15 cm), it was moist at deeper soil layers.

If deeper soil layers played a major role in supplying water during
the drying periods in AWD, there should be a sufficient amount of roots
in these layers to meet transpiration demands. We found that while
88% of total RLD were in the 0-15cm depth, in all treatments there
were roots down to 35cm deep. In upland rice, Kondo «f al. {2004}
found that maximum water extraction rates per unit length of root can
be as high as 0.08 mL/day/cm in parts of the roots exposed to moist
soil. Assuming that the same rates can be achieved in lowland systems
such as the one in this study, the amount of deep roots (25-35cm)
present in the AWD35 and AWD25 treatments could take up more than
9mm/day when functioning at maximum rates. Thus, despite re-
presenting only 6% of the total RLD, the amount of roots present at
25-35cm soil depth may have been sufficient to maintain water ex-
traction near normal transpiration rates (Linuguist et al, 2018
Moni al., Z017).

These results suggest that while AWD-Safe is indeed a safe practice
that can be applied in a range of environments without causing yield
reductions (Lampayan <f al., 2013), more severe AWD drying periods
are possible in certain circumstances. Understanding the hydrology and
rooting patterns at deeper soil depths is critical to know whether rice
can tolerate drier surface level conditions. Our results suggest that
yields were maintained in AWD due to the availability of water at
deeper soil layers and the presence of roots in this layer. This may have
been caused by a shallow groundwater table and/or by groundwater
capillary rise as it has been found to be a significant source of water in
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aerobic rice systems (Baupan ef @i, Z007a). This area of the Sacra-
mento Valley has a shallow water table that is less than 1 m below the
soil surface (C& IFWR, 2017).

4.2. Grain arsenic concentration

The accumulation of As in rice grain is enhanced in CF systems
because anaerobic soil conditions increase the bioavailability of As in
the soil by: [1] favoring the reduction of As®™ to As®*, which is more
mobile in the soil, and [2] favoring the reduction of Fe" to Fe?*,
dissolving iron plaques containing As and allowing As to enter the soil
solution (Meharg and Fhao, 2012). Further, the reduction of Fe3 ' to
Fe>" also favors the movement of Fe** from the bulk soil to aerated
portions of the root surface causing the formation of new iron plaques
that can accumulate As (Yamaguchi et al, #{314). Thus, the potential of
AWD to reduce grain As concentration is due to improved soil aeration
caused by the introduction of drying periods (8akhat «t al., 2017). The
AWD-Safe treatment did not decrease grain As concentration compared
to CF likely because the soil moisture at 0-15 cm depth was maintained
near saturation throughout the drying periods (¥ig. ZA), suggesting that
the soil was not aerated enough to decrease soil As bioavailability.
Other studies (&ras et ai., 2009; Linguist et al., ZI5h; Das et al, 2016;
fafine et al, 2314) that reported reductions in grain As concentrations
with AWD had AWD treatments that were more severe than the AWD-
Safe treatment used here. However, Nortan et al, {8617} recently re-
ported a 14-26% decrease in grain As concentrations under AWD-Safe
practices. Importantly, depending on the soil and field characteristics,
AWD-Safe may cause the SWP to drop to lower levels (down to
—15kPa) than those seen here (Lampayan v al., ¥0615), but SWP was
not reported by Noston st al, {3 Y. A more direct determinant of soil
As availability is soil redox potential (Eh) (RMass 1),
For example, Honma et al. (2016} reported that total dissolved As
concentration in soil was very low (7.7 pg L™ ) when soil Eh was above
—100 mV. Establishing relationships between soil Eh and soil moisture
may help determine how AWD can be most effective in decreasing As
uptake.

While AWD-Safe did not impact grain As concentration in our study,
both AWD35 and AWD?25 decreased grain As concentration by a similar
magnitude of 56%—-68% (¥ig. 4). In a soil containing four times more
As, two AWD treatments that were more severe than the AWD35 and
AWD25 treatments decreased grain As concentration by a similar
magnitude of 46%—66% (Linguist et al.| 20 ). A similar decrease in
grain As concentration was observed with an AWD reflooded at 40% of
saturated VWC in a soil containing even higher As concentration (£as
et ab., 2816). These findings suggest that, independent of soil As con-
tent, drying the soil further than what was achieved in the AWD35
treatment does not necessarily promote further decrease in grain As
concentration.

Although only total As concentrations were determined in this
study, it is important to consider As species composition in rice grain
since the inorganic forms are more toxic than the methylated (organic)
forms (Mandal and Suzuki, 2002). Because demethylation reactions are

sedoyn of all|

favored by aerobic conditions, inorganic species usually compose a
greater fraction of total As concentration in aerated soils compared to
flooded soils, and this pattern is usually reflected in the grain (Meharg
and Zhan, 2412). Consequently, reductions in total As observed here
with AWD35 and AWD25 may translate into less pronounced reduc-
tions in inorganic As, as it has been observed by others ({ias et si,
e

5. Conclusions

Despite other studies showing that severe AWD, such as the ones
imposed here (AWD35 and AWD25), decrease yield compared to con-
tinuously flooded systems, yields were not reduced and plants did not
encounter water stress. This was likely because water was available
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deeper in the soil profile (25-35 cm) and the roots in this layer provided
sufficient water uptake to maintain plant transpiration. In addition to
maintaining yields, the AWD35 and AWD25 treatments decreased grain
arsenic concentration by 56-68%. In the AWD-Safe treatment, the least
severe of the AWD treatments imposed here, yields were also main-
tained compared to CF, corroborating with what other studies have
observed; however, grain As concentration did not decrease because the
soil did not become sufficiently aerobic. These results show that if AWD
is to serve as a mitigation practice for grain As accumulation, soils may
need to dry further than what was achieved with AWD-Safe.
Importantly, these outcomes are not necessarily universal and soil
water thresholds observed here may be different depending on the soil
type and texture. Understanding the surface and subsurface hydrology
and root distribution will help determine the appropriate level of drying
severity for AWD practices.
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From: Hawk,Nina E [NHawk@mwdh2o.com]

Sent: 6/9/2021 8:55:45 AM

To: Laurie Warner Herson [laurie.warner.herson@phenixenv.com]

CC: Neudeck,Randall D [rneudeck@mwdh20.com]; Alicia Forsythe [aforsythe@sitesproject.org]
Subject: RE: Catch up on Sites Envr Planning

Good Morning Laurie,
Thanks for the confirmation and we look forward to getting the links to the portal. We will keep an eye out.
Have a great day!

Nina £. Hawk

Bay Delta Initiatives Policy Manager

Muobile: {510) 299-8289

nhawk@mwdhlo.com

Metropolitian Water District of Southern California
1121 L Street Ste. 900, Sacramento, CA 95814

THE SETROPOLITAN WATER INSTRICT
OF SERATHERN CALFORNIA

From: Laurie Warner Herson <laurie.warner.herson@phenixenv.com>

Sent: Wednesday, June 9, 2021 6:13 AM

To: Hawk,Nina E <NHawk@mwdh2o.com>

Cc: Neudeck,Randall D <rneudeck@mwdh2o.com>; Alicia Forsythe <aforsythe @sitesproject.org>
Subject: RE: Catch up on Sites Envr Planning

Hi Nina,

I reached out to Jerry yesterday and he confirmed that we will be providing access to all admin RDEIR/SDEIS chapters
and appendices through the participant portal. | am working with staff this morning to set up the files and Jerry will be
sending out a link later to the all RC participants with cc to AB members.

Thank you for your patience as we set this up —

Laurie

From: Hawk,Nina E <NHawk&mwdhlocom>

Sent: Tuesday, June 8, 2021 4:31 PM

To: Laurie Warner Herson <izgurie warner hersoni@phenbenv.com>

Cc: Neudeck,Randall D <eudeck @ mwdhZo.com>; Alicia Forsythe <aforsythe@sitesproiect.org>
Subject: FW: Catch up on Sites Envr Planning

Hello Laurie,

Draft_0009851



| sent an email to Ali and see she is enjoying some much deserved time away {on vacation). | wanted to specifically
request that MWD receive copies of the EIR and EIS chapters for review. Our understanding is some chapters have
already been shared with regulatory agencies, including fishery agencies, and our team has not seen them.

Is there an easy share drive and/or link that can be provided for access? | have included a copy of the Confidentially
Agreement for your ease that covers the sharing of such information (EIR and CEQA documents) which was executed for
this purpose.

Thank you and any questions please let me know.
Look forward to hearing from you.

Nina E. Hawk

Bay Delta Initiatives Policy Manager

Mobile: {510} 299-8289

nhawk@mwdh2o,. com

Metropolitian Water District of Southern California
1121 L Street Ste, 800, Sacramento, CA 85814

THE MEYRUPOGUTAN WATER BIRTRICT
L3 SUHIEHERS RN

From: Alicia Forsythe <zforsvthe@sitesproisct, org>

Sent: Tuesday, June 8, 2021 4:23 PM

To: Hawk,Nina E <MHawk@rmwdh2o.com>

Subject: Automatic reply: Catch up on Sites Envr Planning

Thank you for your email. | am on vacation from June 5 to June 20. | will have limited access to email and cell reception.

If you need immediate help, please contact the following individuals:

For Sites Planning, Laurie Warner Herson at {aurie.warner. herson@phenixenv.com

For Sites Permitting, John Spranza at fohn. Spranza@hdring.com

For Sites Water Operations, Erin Heydinger at Erin. Hevdinger@hdrinc.com

I will return your message as soon as possible. Thank you!

Ali

Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsythe@sitesproject.org | www.SitesProject.org
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From: Spranza, John [John.Spranza@hdrinc.com]

Sent: 6/9/20219:51:22 AM

To: Bruce Linquist [balinquist@ucdavis.edu]; Huber, Anne [Anne.Huber@icf.com]; Tim Johnson [tjohnson®@calrice.org];
pbuttner@calrice.org; Alicia Forsythe [aforsythe@sitesproject.org]; Diana.Roberts@icf.com; Laurie Warner Herson
[laurie.warner.herson@phenixenv.com]; Williams, Nicole (Nicole. Williams@icf.com) [Nicole.Williams@icf.com]

Subject: RE: Rice papers on Hg and As

Thank you very much for sending these!

From: Bruce Linquist <balinquist@ucdavis.edu>

Sent: Tuesday, June 8, 2021 5:03 PM

To: Spranza, John <John.Spranza@hdrinc.com>; Huber, Anne <Anne.Huber@icf.com>; Tim Johnson
<tjohnson@calrice.org>; pbuttner@calrice.org; Alicia Forsythe <aforsythe@sitesproject.org>; Diana.Roberts@icf.com;
Laurie Warner Herson <laurie.warner.herson@phenixenv.com>; Williams, Nicole (Nicole.Williams@icf.com)
<Nicole.Williams®@icf.com>

Subject: Rice papers on Hg and As

CAUTERN [EXTERNAL] This email originated from outside of the organization. Do not click links or open attachments
unless vou recognize the sender and know the content is safe.

HiJohn et al,
Attached are some papers related to Hg and As in rice. The first two are related to Hg. One is a review of CA literature
and the other has actual data.

The arsenic papers have relatively little about the influence of water; however, from those you will see some values on
rice grain As. Importantly, most of the As related papers are from a single location. The values you should be looking at
are the treatments that were continuously flooded.

I hope this helps,
Bruce

From: Spranza, John <John.Spranza@hdrinc.com>

Sent: Friday, May 28, 2021 9:39 AM

To: Bruce Linquist <balinquist@ ucdavis.edu>; Huber, Anne <Anne.Huber@icf.com>; Tim Johnson
<tjohnson@calrice.org>; pbuttner@calrice.org; Alicia Forsythe <aforsythe @sitesproject.org>; Diana.Roberts@icf.com;
Laurie Warner Herson <laurie.warner.herson@phenixenv.com>; Williams, Nicole (Nicole.Williams@icf.com)
<Nicole.Williams@icf.com>

Subject: RE: Sites Reservoir Project Agronomy and Water Quality Discussion: Doodle Poll

Hey folks, this is a friendly reminder to take the poll so | can get this scheduled.
Thanks.
John

£ 016.670.5858 M B18.640.2487
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From: Spranza, John

Sent: Wednesday, May 26, 2021 1:39 PM

To: balinguist®ucdavis.eduy; Huber, Anne <Anne. Huber@icf com>; Tim Johnson <tiohnson@ealvice org>;
buttner@calrice.org; aforsythe (aforsythe @sitesproject. org) <aforsythe@sitesproject. ore>; Diana. Boberts@icf comy;

Laurie Warner Herson <igurie. warner. herson@phenixeny.com>

Subject: RE: Sites Reservoir Project Agronomy and Water Quality Discussion: Doodle Poll

Hello,

Please use the link below to provide your availability for a meeting to discuss the topics identified in the email thread
below.

Thanks.

John

hitos:/fdoodle com/poll/87283nfoxeadvbhi? Tutm souwrcespoli&utm medium=link

A0 s e grogere
Sohn Spranes

L 9186700858 § 818.840 2457

From: Spranza, John

Sent: Tuesday, May 25, 2021 9:02 AM

To: halinguisti@ucdavis edy

Cc: Huber, Anne <anne Huber @icf.com>; Tim Johnson <tohnson@calrice. ore>; phuliner@calrice.org; aforsythe
(aforsythefsitesprolect.org) <aforsyvthe @sitesproiect ore>; Diana Roberts@icf com; Laurie Warner Herson
<lgurie.warner. herson@phenbenv.ocom>

Subject: Sites Reservoir Project Agronomy and Water Quality Discussion

Dr. Linquist,

I am part of the team that is leading the environmental permitting and planning effort for the Sites Reservoir
Project. We're in the midst of preparing our Revised Draft EIR/Supplemental Draft EIS and have been meeting with
environmental NGOs on the Project and Project effects.

Through our analysis efforts and discussions with Tim and Paul at the Rice Commission some concerns that have been
raised in our NGO meetings are still outstanding and we wanted to see if you had any time in the near future to speak
with us. We have the following topics we would like to discuss:

1. Optimal water temperatures for rice throughout the year. This comes into play in releases from Sites back into
the TC Canal and the GCID Main Canal.

2. Rice and mercury effects.

3. Rice and arsenic effects.

| can send out a Doodle Poll to help schedule time if that would work best for you.

Thanks
John

HDR
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California American Water
Sites Reservoir Evaluation Meeting

Location: Teams Meeting

Date: July 1, 2021

Time: 10:30 am - 12:00 pm

Attendees - Sites: Jerry Brown

Attendees - CalAm:  lan Crooks, Kent Hodgkinson, Candace Coleman

Attendees - WY: Charles Duncan, Lindsay Smith, Polly Boissevain, Amy Kwong

AGENDA ITEMS

1. INTRODUCTIONS, REVIEW AGENDA 10:30 — 10:40: Charles Duncan
2. PROJECT OVERVIEW/OBJECTIVES 10:40 — 10:50: lan Crooks

3. SITES RESERVOIR STORAGE 10:50 — 11:20: Jerry Brown

a. How much supply is available by year type?
b. Under what year types will water be stored and subsequently diverted from Sites?

¢. What does the modeling indicate in terms of long-term supplies {(quantity and
reliability)?

d. What climate change considerations were included in the modeling?
e. Confirm how water will be delivered for diversion from the Sac River?

f.  When would a decision from CalAm be required regarding its participation or agreement
to proceed with an option for future participation?

g. Who are the other project participants and how much water is allocated to each?
h. Whatis the projected cost for water?

i.  Whatis the status of the project? When is water expected to be available from Sites?
What are the obstacles you see to meeting these goals?

4. AGDISTRICTS — WET YEAR SUPPLY 11:20 -~ 11:40: Jerry Brown

a. Which Ag Districts have committed to purchasing storage capacity at Sites and can you
provide us with their contact information?

b. Has any modeling been done to indicate the quantity and reliability of water by year

type?
5. DISCUSSION/SITES QUESTIONS FOR CAL AM 11:40 — 11:50: All
6. ACTION ITEMS, NEXT STEPS 11:50 — 12:00: Lindsay Smith
Wgﬁ‘? Yﬁﬁ? 1 SovliaE LRl Ao i I FLEE DL L B ol e R R e
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From: Heydinger, Erin [Erin.Heydinger@hdrinc.com]

Sent: 6/11/2021 9:52:12 AM

To: Eric Leitterman [ELeitterman@valleywater.org]
CC: Alicia Forsythe [aforsythe@sitesproject.org]
Subject: RE: Sites South of Delta/SWP Modeling

Hi Eric,

Apologies for the delay on this and thanks for the reminder. | thought | had sent this out but looked back and could not
find it. Here is the table, where an X indicates model runs that have been performed and are available.

2035 Central 2030 WSIP
Project Size/Level of Historic Tendency Climate Climate 2070 WSIP
Federal Investment hydrology Change Change Climate Change
No Action No project X X X X
. 1.5 MAF
Alternative 1A No federal funding X X
. 1.5 MAF
Alternative 1B 7% federal funding X X X X
. 1.3 MAF
Alternative 2 No federal funding X X
. 1.5 MAF
Alternative 3 25% federal funding X X

| will also send this out to the full workgroup after next week’s meeting.

Thanks!
Erin

Erlre MHoyd PE, FMP

£ 818.872.8883 51.307 0758

hidrine.comfioliow-us

From: Eric Leitterman <ELeitterman@valleywater.org>
Sent: Wednesday, May 26, 2021 1:51 PM

To: Heydinger, Erin <Erin.Heydinger@hdrinc.com>

Cc: Alicia Forsythe <aforsythe @sitesproject.org>
Subject: RE: Sites South of Delta/SWP Modeling

CAUTION: [EXTERNAL] This email originated from outside of the organization. Do not click links or open attachments
unless you recognize the sender and know the content is safe.

Hi Erin

Did you ever send out the table of alternatives you mentioned your email below? | can’t find it in my records and may
have missed it.

ERIC LEITTERMAN
ASSOCIATE ENGINEER - CIVIL
imported Water Unit

Water Supply Division
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Tel. (408) 630-2669 / Cell. (408) 784-4966
eleitterman@valleywater.org

SANTA CLARA VALLEY WATER DISTRICT
5750 Almaden Expressway, San Jose CA 95118
www.valleywater.org

Clean Water - Healthy Environment - Flood Protection

From: Heydinger, Erin <Erin.Heydinger@hdrinc.com>

Sent: Monday, April 19, 2021 10:08 AM

To: 'fhernandez@cityofamericancanyon.org' <fhernandez@cityofamericancanyon.org>; Dwayne Chisam
<DChisam®@avek.org>; 'Robert Cheng' <RCheng@cvwd.org>; pvasileva@cvwd.org; Mark Krause <MKrause@dwa.org>;
Paul Weghorst <weghorst@irwd.com>; Kellie Welch <welch@irwd.com>; 'Randall Neudeck' <rneudeck@mwdh2o.com>;
'CWang (cwang@mwdh2o.com)' <cwang@mwdh2o.com>; Bradshaw,Dee <VBradshaw@mwdh2o.com>;
Sheehan,Rebecca D <RSheehan@mwdh2o.com>; Dan Bartel <dbartel@rrbwsd.com>; 'Bob Tincher'
<bobt@sbvmwd.com>; Heather Dyer <heatherd@sbvmwd.com>; Jeff Davis <jdavis@sgpwa.com>; Eric Leitterman
<ElLeitterman@valleywater.org>; 'Dirk Marks' <dmarks@scvwa.org>; 'AFlores (AFlores@zone7water.com)’
<AFlores@zone7water.com>; Xie, Lillian <Ixie@zone7water.com>; cchilmakuri@swec.org; leckhart@sgpwa.com; Rob
Kunde <rkunde @wrmwsd.com>

Cc: Jerry Brown <jbrown@sitesproject.org>; JP Robinette <JRobinette@BrwnCald.com>; Alicia Forsythe

<aforsythe @sitesproject.org>; steve.micko@jacobs.com; Thayer, Reed/SAC <Reed.Thayer@jacobs.com>; Leaf, Rob/SAC
<Rob.leaf@jacobs.com>

Subject: RE: Sites South of Delta/SWP Modeling

Good morning,

Thank you for your participation in last week’s modeling meeting. Attached is the PowerPoint presentation. | will also be
following up with a table describing the alternatives that have been modeled and the associated hydrology. Please reach
out if you would like any of the data or available results we discussed. For those of you who have already requested
information, | will be getting back to you shortly.

From: Heydinger, Erin
Sent: Wednesday, March 31, 2021 5:13 PM
To: Heydinger, Erin; fhernandez @cityvofamericancanyon.org;, Dwayne Chisam; Robert Cheng; pyvasileva@ovwd.org; Mark

Krause; Paul Weghorst ; Kellie Welch; Randall Neudeck; CWang (cwanz@mwdhZo.com); Bradshaw,Dee;
Sheehan,Rebecca D; Dan Bartel; Bob Tincher; Heather Dyer; Jeff Davis; ELgitterman@valleywater. org Dirk Marks;
AFlores (AFlores@zone?water.com); Xie, Lillian; cohilmakuri@®@swe org; leckhart@sgpwa.com; Rob Kunde

Cc: Jerry Brown; JP Robinette (JRobinette @ BrwnCald.com); Alicia Forsythe; steve.micko®@iacobs.com; Thayer,
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Reed/SAC; Leaf, Rob/SAC

Subject: Sites South of Delta/SWP Modeling

When: Tuesday, April 13, 2021 2:00 PM-4:00 PM (UTC-08:00) Pacific Time (US & Canada).
Where: Microsoft Teams Meeting

Good afternoon — the meeting agenda is attached. Thanks!

Thanks for your responses to the Doodle poll. This invite is to discuss Sites modeling assumptions for Delta and South of
Delta participants. Please RSVP so we can ensure we do not exceed the quorum limit. Agenda coming soon.

Microsoft Teams meeting

Join on your computer or mobile app
Click here 1o ioin the meetin

Or call in {audio only)

+1 213-514-8885 8951643124 United States, Los Angeles
(8331 255-2803,8951684312¢  United States (Toll-free)
Phone Conference ID: 895 164 312#

Find a local number | Reset PIN

Learn More | Mesting options
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From: Leaf, Rob/SAC [Rob.Leaf@jacobs.com]

Sent: 6/11/2021 10:06:49 AM

To: Sumer, Derya [dsumer@usbr.gov]

CcC: Alicia Forsythe [aforsythe@sitesproject.org]; steve.micko@jacobs.com; Heydinger, Erin
[erin.heydinger@hdrinc.com]; Whittington, Chad/SAC [Chad.Whittington@jacobs.com]

Subject: RE: Sites - 2021 Water Estimate

Attachments: [EXTERNAL] RE: Sites - 2021 Water Estimate

Derya,
Please see the attached for more information re this analysis.

Rob

From: Leaf, Rob/SAC

Sent: Friday, June 4, 2021 11:02 AM

To: dsumer@usbr.gov

Cc: Alicia Forsythe <aforsythe@sitesproject.org>; Micko, Steve/SAC <Steve.Micko@jacobs.com>; 'Heydinger, Erin'
<Erin.Heydinger@hdrinc.com>; Whittington, Chad/SAC <Chad.Whittington@jacobs.com>

Subject: FW: Sites - 2021 Water Estimate

Derya,

We presented the attached to a group of NGOs that had expressed interest in seeing what was behind the following
statement:

“If Sites Reservoir were operational today, California would have nearly 1,000,000-acre feet more water available to
them to help get through challenging drought conditions."

hitps://3hmSen2dwvnledoyxakibs-woengine. netdna-ssloeomfwo-contentf/uploads /202 /04 -Sites-Was-Operationsl-
in-2021-Fact-Sheet nof

The email chain below shows who was invited and received the attached information.

The first 14 slides were on that topic. The remaining slides were follow-up to some prior NGO meetings regarding the
Trinity and what our analysis to date shows and what the Sites water rights application will include.

We are providing additional information on follow-up to the meeting with the NGOs and we can share that information
with you when we have it prepared.

Rob

From: Alicia Forsythe <gforsythe@sitesproject.org>

Sent: Friday, May 28, 2021 4:33 PM

To: dobesi@nrde.org Ron Stork <RSfork@frisndsoftheriver.org>; Greg Reis <reis@havecotarium.ore>;
brandon.dawson@sierraciub.arg; Chris Shutes <blancapsloma@msn.com>; ion@bavkesper.ors, bobker@bay.org;
bobker@sheglobal net: banrv@westernwaterstrategies. com; lnhn@goldengatesalmon.org, rewillinger@defenders,org;
Jerry Brown <jbrowni@sitesproiect. org>; Heydinger, Erin <grin.hevdingsr@hdrinc.com>; Leaf, Rob/SAC
<Rob.leal@iacobs.com>; Micko, Steve/SAC <Steve Micko®@iacobs.com>; Deirdre Des Jardins <ddi@cahloresearch.com>
Subject: [EXTERNAL] RE: Sites - 2021 Water Estimate
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Hi all — Thank you for taking the time to chat with the Sites Team this afternoon. Attached is a PDF file of the
PowerPoint presentation. We will be getting the Daily Divertible and Storage Flow Tool out to this group next week
sometime.

I hope everyone has a safe and wonderful holiday weekend as we honor those who gave so much to our country.

Ali

Alicia Forsythe | Environmental Planning and Permitting Manager | Sites Reservoir Project | 916.880.0676 |
aforsythe@sitesproject.org | www.SitesProject.org

CONMFIDENTIALITY NOTICE: This communication with its contents may contain confidential and/or legally privileged information. it is soiely for
the use of the intended recipisnt{s). Unauthorizad interception, review, use or disclosure is prohibited and may viciate applicabie laws
including the Elecironic Communications Privacy Act. if you are not the intended recipient, please contact the sender and destroy all copies of
the communication.

From: Alicia Forsythe

Sent: Monday, May 24, 2021 11:55 AM

To: Alicia Forsythe; dobegi@nrde. org; Ron Stork; Greg Reis; brandon.dawson®@sierraciub.org; Chris Shutes;
ioni@havkesener.org, bobker@bav.org bobker@sheglobal net; barrvi@westsrmwaternstrategies.com;
ichnfsoldensgatesalmon.org rowillinger @defenders.org; Jerry Brown; Heydinger, Erin; Leaf, Rob/SAC; Steve Micko
(Steve Micko®iacobs.com)

Cc: Deirdre Des Jardins

Subject: Sites - 2021 Water Estimate

When: Friday, May 28, 2021 1:00 PM-2:30 PM (UTC-08:00) Pacific Time (US & Canada).

Where: Microsoft Teams Meeting

Based on the doodle poll, this date works for the majority of the group.
Agenda to follow.

Ali

Microsoft Teams meeting

Join on your computer or mobile app
Click here 1o join the mestin

Or call in (audio only)

+1 916-538-7088,330027022#%  United States, Sacramento
Phone Conference 1D: 339 027 022#

Findalocal number | Resst PIN

Learn More | Mesting options
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From: Heydinger, Erin [erin.heydinger@hdrinc.com]

Sent: 6/11/2021 8:57:17 AM

To: dobegi@nrdc.org; Ron Stork [RStork@friendsoftheriver.org]; Greg Reis [reis@bayecotarium.org];
brandon.dawson@sierraclub.org; Chris Shutes [blancapaloma@msn.com]; jon@baykeeper.org; bobker@bay.org;
bobker@shcglobal.net; barry@westernwaterstrategies.com; john@goldengatesalmon.org;
rzwillinger@defenders.org; Deirdre Des Jardins [ddj@cah2oresearch.com]

cC: Jerry Brown [jbrown@sitesproject.org]; steve.micko@jacobs.com; Alicia Forsythe [aforsythe@sitesproject.org]; Leaf,
Rob/SAC [Rob.Leaf@jacobs.com]; Whittington, Chad/SAC [Chad.Whittington@jacobs.com]
Subject: [EXTERNAL] RE: Sites - 2021 Water Estimate

Attachments: Sites_Project_2009-2020_Fill_Release_Storage_Estimates_Documentation_20210610_v1.docx; Sites_Project_2009-
2020_Fill_And_Release_Estimates_20210601_v1.xlsx

Flag: Follow up
Good morning,

As a follow-up to our discussion on the Sites 2021 Water Estimate, I've attached the fill and release estimate tool for WY
2009 — 2020 (developed by the Jacobs team) and documentation of the tool’s purpose, methods, assumptions, and
results. Thank you for taking the time to walk through this with us. We are more than happy to answer any follow-up
questions you may have.

Have a great weekend,
Erin

From: Alicia Forsythe <aforsythe @sitesproject.org>

Sent: Monday, May 24, 2021 11:55 AM

To: Alicia Forsythe; dobegi@nrdc.org; Ron Stork; Greg Reis; brandon.dawson@sierraclub.org; Chris Shutes;
jon@baykeeper.org; bobker@bay.org; bobker@sbcglobal.net; barry@westernwaterstrategies.com;
john@goldengatesalmon.org; rzwillinger@defenders.org; Jerry Brown; Heydinger, Erin; Leaf, Rob/SAC; Steve Micko
(Steve.Micko@jacobs.com)

Cc: Deirdre Des Jardins

Subject: Sites - 2021 Water Estimate

When: Friday, May 28, 2021 1:00 PM-2:30 PM (UTC-08:00) Pacific Time (US & Canada).

Where: Microsoft Teams Meeting

CAUTHON [EXTERNAL] This email originated from outside of the organization. Do not click links or open attachments
unless you recognize the sender and know the content is safe.

Based on the doodle poll, this date works for the majority of the group.
Agenda to follow.

Ali

Microsoft Teams meeting
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Join on vour computer or mobile app
Click here to join the meetin

Or call in {audio only)
+ 1 816-538-7088 3380270224  United States, Sacramento

Phone Conference I1D: 339 027 022#
Find & local number | Reset PIN

Learn More | Mesting ontions
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Date: 6/10/2021

Sites Project Annual Fill, Release, and Storage Estimates for Water Years 2009 - 2020
Overview

A simple analysis to estimate annual Sites diversion, release, and storage values for Water Years (WY)
2009 - 2020 was conducted using correlations between modeled results and historic information and
annual mass balance calculations. Fill values were estimated using the Daily Divertible & Storable Flow
Tool’s simulation of DEIRS Alternative 1B and historical flow information at Bend Bridge. Releases were
estimated based on the correlation between CalSim Il simulated releases and the historic Sacramento
Valley Water Supply Index (WSI HIST). This approach was used to evaluate potential Sites Project
operations for recent years that are not covered by the CalSim Il simulation period.

Assumptions and Analysis Performed

Sites fills, releases, and end-of-September storage conditions were computed in a spreadsheet using
simple mass balance calculations, the Daily Divertible & Storable Flow Tool, and historical information.
The analysis included operational assumptions and conveyance constraints consistent with DEIRS
Alternative 1B.

Sites Storage

The starting storage for WY 2009 was assumed as 600 TAF based on an analysis of Sites operations for
WY 1922 — 2008 using the Sites fill “regression method” and Sites release function that are described in
the following sections. The analysis showed that Sites Reservoir would fill to near capacity after the
above normal and wet years of 2005 and 2006. Then, in the drier years of 2007 and 2008, a high level of
Sites releases would bring storage down to almost 600 TAF. For the analysis of WY 2009 — 2020, the
starting storage only influences storage conditions and releases through the end of WY 2013, when
deadpool storage is reached regardless of the storage volume in WY 2009. Fills and releases were
constrained by available storage. The physical storage capacity of Alternative 1B is 1.5 MAF. Evaporation
was estimated using a rating curve between storage and evaporation developed for the CalSim I
simulation of Alternative 1B for WY 1922 — 2003.

Sites Fill
Daily Divertible Flow Tool (WY 2009 — 2018)

For WY 2009 — 2018, the annual diversions to fill Sites Reservoir were determined by the Daily Divertible
& Storable Flow Tool’s simulation of Alternative 1B. The Divertible Flow Tool estimates the daily
diversion potential for Sites Project in WY 2009 — 2018 based on water availability and
intake/conveyance constraints and diversion criteria. It was developed in 2018 to supplement CalSim 1
by representing the effects of operations criteria on a daily timestep, allow for relative comparisons
between monthly and daily approaches, and provide results for more recent years. The Daily Divertible
Flow Tool simulates each year as a separate event and does not include storage or release operations.

Regression Method (WY 2019 — 2020)

The Daily Divertible Flow Tool does not simulate results for 2019 — 2020. Fills for these years were
estimated based on a regression between historical full natural flows for the Sacramento River at Bend
Bridge (CDEC; SBB FNF) and CalSim Il results for diversions to fill Sites Project under Alternative 1B. It
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Date: 6/10/2021

was determined that Sites diversions were typically about 9% of the November through March volume
of full natural flow at Bend Bridge when it was greater than 1,150 TAF. When the November through
March volume of full natural flow at Bend Bridge was less than 1,150 TAF, Sites diversions were typically
zero. A function was established to reflect these observations in the estimates of Sites fills for WY 2019 —
2020. Figure 1 shows the correlation between SBB FNF and Sites diversions using CalSim results and the
extrapolation method used by the Sites Fill Function from WY 1922 — 2003.

Sites Fill Function:

e For WY 2009 - 2018:
o Sites fills are equal to Alternative 1B results from the Daily Divertible & Storable Flow

Tool.

e For WY 2019 - 2020:
o Sites fills are equal to 9% of the November through March volume of full natural flow of

the Sacramento River at Bend Bridge (SBB FNF; CDEC).
= When SBB FNF (Nov-Mar) is less than 1,150 TAF for a given year, Sites fills is

zero
o Sites fills are also constrained by available storage capacity based on annual mass

balance calculations.

Fitl vs SBB FNF

U {TAF)

o O 10 1 5O WS
§ SO0 FRR 3541 I5GG0 LARARE

Figure 1. Sites Fill vs SBB FNF correlation between CalSim I and Fill Function results.

Sites Release

Sites releases were estimated based on a “similar years” relationship developed from CalSim Il results
for total releases from Sites Project under Alternative 1B using the historical Sacramento Valley Water
Supply Index (WSI HIST) as an indicator of wetness. A release function was developed by evaluating the
correlation between CalSim Il simulated releases and the WSI HIST from WY 1922 — 2003. Figure 2 shows
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Date: 6/10/2021

the correlation between the Sacramento Valley WSI and Sites release using CalSim 1l results and the
release function described below.

e For WSIHIST <7.25:
o Release = 180 TAF per WSI unit below 8.5
e For7.25 <WSIHIST <9.75:
o Release = 60 TAF per WSI unit below 11.0
e For WSI HIST >9.75:
o Release =75 TAF
e Releases may not exceed storage availability based on annual mass balance calculations
(previous year’s storage plus the current year’s fill minus dead pool storage).

RBelease v WESHHIST

sass {(Functon)

Figure 2. Sites Release vs W51 HIST correlation between ColSim and Release Function results.
Results

Table 1 shows the annual estimates for Sites fills, releases, and end-of-September (EOS) storages for
Alternative 1B using the approach described above. In this 12-year period, the estimated average annual
fill and release values are 269 TAF and128 TAF respectively. The estimated average end-of-September
storage in Sites Reservoir is 510 TAF. These results reflect Sites operations during a relatively dry period,
with 5 out of the 12 years being classified as dry or critically dry years. Despite the dry conditions, the
tool estimates that Sites Reservoir would have nearly reached full capacity in WY 2019, after only a
couple of wet years. The fills in wet years allow for releases during drier years. As illustrated by Figure 3,
estimated Sites releases typically are highest during drier years when sufficient storage is available. For
example, Sites Reservoir released 430 TAF in the dry year of 2020 while still maintaining 970 TAF in
storage.
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Table 1. Annual Sites Fills, Releases, and End-Of-September Storage for Alternative 18 {TAF).

Water Year Diversions to | Total Sites Total Sites
Year Type Fill Sites Releases Storage (EOS)
2009 | D 90 490 170
2010 | BN 110 160 100
2011 | W 590 80 600
2012 | BN 190 290 470
2013 | D 170 480 130
2014 | C 0 20 100
2015 | C 50 30 110
2016 | BN 230 220 110
2017 | W 1,070 80 1,090
2018 | BN 140 240 950
2019 | W 480 80 1,320
2020 | D 110 430 970
Average 269 216 510

Sites Fills, Relegses, and Stovage for AL 1B QL1221

LEE

Figure 3. Sites Fills, Releases, ond End-Of-September Storage for Alternative 1B (TAF).

Date: 6/10/2021
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From: Jerry Brown [jbrown@sitesproject.org]

Sent: 6/11/2021 5:47:19 PM
To: Daniel G Keppen [dan@familyfarmalliance.org]
Subject: Follow-up Material

Dan — good talking to you. As discussed hitps:/fwww. acwa comfwp-content/uploads /201 7/06/2017-06-05-ACWA-
integrated-Storage-Final-Report.odf - is ACWA’s June 2017 integration report where the water supply benefits of
several proposed storage projects were analyzed in conjunction with SWP/CVP operations. Also an analysis was done
looking at the water supply benefits new delta conveyance. Figure 4 is a good summary level graph of the results of the
analysis. Also Figure 27 shows the available surplus flow by water year type. It was determined that an average of
~2MAF is available for water supply, assuming current climate conditions. Note that the climate models used to inform
the Prop 1 WSIP climate change analysis show that Sites’ performance improves 5%-10% with climate change so this
total average surplus flow would presumably be improved as well. The storage projects have changed and mostly been
downsized since then. Also, the conveyance project has been downsized since then. So the total performance shown in
figure 4 is going to be reduced but the figures are still proportionally accurate.

Let me know if you need anything else. Thank you for your help.

Jerry
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Water quality changes in Export, Export and Outflow, and
Outflow years (DSM2)

- Change Delta flows associated with water quality changes

g-term Sites operations as a result of carriage water cost

refinements (DSM2 and CalSim Ii)
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Schedule Update
March 2021

Sites

DRERN Y f':“‘ S@grenen t Fosm

Date: v S 24
From: Jeff Campbell
Quality Review by: Marcus Maltby

1.0 Schedule Update

The Sites Reservoir Project Master Schedule is updated on a bimonthly basis. The included schedule update
is a result of adjustments and revisions made to the previous master schedule based on conversations and
input from Service Area Integration Leads for activities occurring during the Amendment 2 work period. All
markups provided by integration leads are retained as backup on the Sites Reservoir Project SharePoint site
here, This update was completed on May 15, 2021.

2.0 Decisions Summary

No major decisions impacting the project were discussed during this schedule update period.

3.0 Attachments

Attachment 1 — Program Summary Schedule
Attachment 2 — Program Detail Schedule
Attachment 3 — Critical Path Schedule
Attachment 4 — Engineering Detail Schedule
Attachment 5 — Environmental Detail Schedule
Attachment 6 — Operations Detail Schedule
Attachment 7 — Permitting Detail Schedule
Attachment 8 — Right of Entry Detail Schedule

Status: Final Phase: 2 Revision:
Filename: 2021_05_Sites Schedule Update Date: June 15, 2021

Notes:
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SITES PROJECT Date: 10-Jun-21

MS-011-DE Release Revised Draft EIR/ Supplemental Draft EIS for Public | 0 26-Aug-21 ?_B_e_lga_s_e__l_:t_e_\_nsed Draft EIR/ Supplemental Draft EIS for Publlc Review

MS-003-LF Local Funding (Go/No-go #3) 0 29-Sep-21 Q__I:?_Q‘-_?l_l_f_qp_t_ilp_g_ggo_/_t\_lo-go #3) ‘ |

MS-020-CS  WIIN Construction Start Date (12/16/21) 0 23-Dec-21 9 WIIN anstructlon Start Date (12/16/21)

MS-004-P2 Ph 2 Amendment 2 0 30-Dec-21* E & Ph2 Amendment 2 |

MS-006-Ph2- Phase 2-2a Amendment Complete 0 30-Dec-21 '-?__F_’n_a_s_e__z-Za Amendment Complete

MS-250-FE Final EIR/EIS 0 12-Oct-22 | -? Flnal EIR/EIS

MS-450-RD  ROD Signed 0 10-Nov-22 : -g__F_iQP_ F_S_l_qp_e_v_d __________________

WP3-010 Phase 3 Amendment Complete 0 30-Jun-23 3 b Phase 3 Amendmdnt Complete

MS-010-D Final Design Complete 0 02-Oct-24 | | ; ¢! iFinal Design Complete

MS-500-CS Construction Starts 0 02-Jan-25 : : ; -Q_ _C_gr)_S_t_r_tggz_t_lgr_i__S_t_arts __________________________________________________

MS-510-CC Construction Complete 0 06-Jun-29 ! 1 1 1 | -Y__C_on_s_t_r*t,_lotlon ¢
___________ MS-600-PB _Public Beneficial Occupancy - Sites Program 0 15-Apr-30 | ‘ ' | | | | : e di

16-May-24, OPERATIONS MODELING

Full Operations Analysis WW 03-May-21, Full Operations Analysis
BA/ITP Documentation 01-Nov-20 A  30-Jun-21 30-Jun-21, BA/ITP Documentation |
Opetrations Plan, Ver 1 01-Nov-20 A  24-Nov-21 24-Nov-21, Operations Plan, Ver 1 |
Operational Agreements 23-Sep-20 A  22-Dec-22 22-Dec-22, Oberational Agreéments
Bridging Analysis for CWC/WSIP Benefits 01-Sep-20 A  01-Jun-21 01-Jun~21 Bridging Analysrs for CWC/WSIP Benefrts
Final Sites-Reclamation Operating Agreement 02-Nov-20 A  29-Jun-22 29-Juh-22 Final Sltes-Reclamatlon 'Operating Agreement
Final Sites-DWR Operating Agreement 02-Nov-20 A  30-Jun-22 ? 30-Jun-22 Final Sltes-DWFt Operatlng Agreementl
Operations Plan, Version 2 27-Aug-21 26-Jan-23 » 26-Jan-23, Operatlons Plan, Version 2
Annual Operating Plan Process and Procedures 95.-Nov-21 21-Nov-23 21 -Nov-23, Annual Operating: 'Plan Process and Procedures
Member Portal/Accounting System 03-Jan-22 16-Mar-23 16-Mar-23, Member PortaI/Accountlng $ystem
| OperalionsSupport May-24 16-May-24, Operations Support
12-Feb-25, EIR/EIS

22-Sep-20 A  03-May-21 03- May-21 Project Description Chapter
82 01-Sep-20 A 26-Aug-21 Rewsed Draft ElR/SupplementaI Draft EIS

43 27-Aug-21  28-Oct-21 B 28 Oct-21, Pubhc Review |
@ 17-Dec-21, Begm Preparatlon of the Admln Final EIFt/EIS

paratlon of the Admin Final EIR 48 07-Oct-21
ental Feasibility Report For CW 39 27-Sep-21 22 Nov-21, EnVIronmentat FeaSIblllty Fteport For CWC

213 07-Dec-21 12-Oct-22 12 Oct-22, Final EIR;‘FlnaI EIS | !
vvvvvvvvvvvvvvvvv 32 21-Sep-22 i 04 Nov-22, NOD Findings of Fact Statement of Overriding; Consrderatlons, Mitigation Momtormg Program

1 04-Nov-22 07-Nov-22 ® O?-Nov-22 Authonty Certifies: EIR and Approves Project and File NOD
13-Oct-22 10-Nov-22 ! @ 10 Nov-22, ROD 1 |
14-Nov-22 12-Feb-25 : b 12-Feb-25, Addltlonal NEPA/CEQA Review, if needed
12-Sep-24 FEDERAL PERMITS AND AGREEMENTS

Phase 1 Environmental Site Assessments 421 31-Dec21  11-Aug23 11-Aug-23, Phase 1 Enwronmental Site Assessments

U.S. Army Corps of Engineers CWA 404, Rivers and Harbors Act Section 10 01-Sep-20 A  11-May-23 114 May-23 U.S. Army Corps of Englneers CWA 404, Rivers and Harbors Act Section 10

U.S. Army Corps of Engineers Rivers and Harbors Act Section 14, Section 408 844 01-Sep-20A  12-Sep-24 12-Sep-24 u.s. Army Corps of Englneers Rlvers and Harbors Act Section 14 Sectiq
U.S. EPA and U.S. Army Corps of Engineers LEDPA Review 461 02-Nov-20 A  06-Feb-23 06-Feb-23, U S. EPA and U.S. Army Corps of Englneers LEDPA Rewew . \
Advisory Council on Historic Preservation NHPA Section 106 238 01-Sep-20 A  15-Apr-22 15-Apr-22 Advisory Councn on Hlstorlc Preservatlon NHPA Sectlon 106

USFWS and NMFS ESA Section 7 230 01-Sep-20 A  05-Apr-22 05-Apr-22, USFWS and NMFS ESA Section 7 ‘

USFWS Bald Eagle Protection Act 528 01-Sep-20 A  13-Jun-23 13-Jun-23 USFWS Bald Eagle Protectlon Act

1.S. Coast Guard Nawgablllty Determination 539 03.-Jan.22 15-Dec-22 ] ‘ ‘ 15-Dec-22, US Coast Guarq Navigability Qetermlnatlon

3 Critical Remaining Work Page 10f 3
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SITES PROJECT

USBR Warren Act

USBR - Land Agreeme

Calirans Encroachment & Transportation

Date: 10-Jun-21

01-Nov-22 arren Act

13-Oct-22 1$-Oct-22, USBR - Land Agreen1ent

03-Jun-24 03-Junfr24, Caltrans Eincroachment & Transportatioin

50.Dec-22 20-Dec-22, State Lands Com‘mlsslon/State Lands Lease, lf needed

11-May-23 11-May—23 Central VaIIey Flood Protectlon Board Levee Encroachment

20-Jan-23 20-Jan-23, SWRCB Water nghts Permit

12-Sep-28

12-Sep-28

28-Jan-26

09-Jul-25

22-Nov-29

13-May-24, CDFW Streambed AIteratlbn Agreements

13-May-24

01-Jul-22 2 O1-Jul-22 CDFW Inmdental Take Permlts

NAHC/Local Tribes AB 52 Consultation

{I1-Sep-20 A

08-Apr-22 08-Apr-22, NAHC/Local Trlbes AB 52 Consultatlon

Colusa County

03-Jan-22

12-Apr-22 SMARA
O7-Aug-23 LOCAL. AGENCY PERMITS AND APPROVALS

07-Aug-23 07—Aug-23 Colusa County

Glenn County

03-Jan-22

07-Aug-23 07-Aug-23, Glenn County

Yolo County

Geotechnical Permitting & Planning

03-Jan-22

25-Mar-20 A

07-Aug-23 07—Aug-23 Yolo Cdunty

16i3ep-21 FEASIBILITY LEVEL: GEOTECH

27-May-21 27-May~21 Geotechnlcal Permitting & Planning

Field Investigations

07-Sep-20 A

23-Aug-21 23-Aug-21 Field Investlgatlons 5

CWC Feasibility Report
silibility Review

Relocation Assistance, as needed
Acquistion Closeout and Transfer of Jurisdiction as needed

Project Delivery Method (assumes mixed contracting)

05-Oct-20 A

1GTSep-21, Data Evaluatlon and :Reporting
09-Ju|-25 FEASIBILITY ENGINEERING

y 14-Dec-24, PROP 1

28.Dec-21 28-Dec-21, CWC Feasibility Report

131

09-Aug-21

p 17-Dec-21, CWC Feasibility Revnew

30

27-Aug-21

07-Oct-21

17-Dec-21

& 07-Oct-21, CWC ReVIew of Publlc Draft EIR/EIS
o 17-Dec-21, CWC Determmatlon of Fea3|b|I|ty

12-Sep-24

14-Dec-23

\ 14-Dec-24, CWC All Permits Acqwred for Oonstructlon Fundlng

14-Dec-24

21-Oct-24, Rights of Entry

14-Dec-23

10-Feb-25 10-Feb-25, Acqmsntlons (Phased)

11-Feb-25

25-May-29

11-Feb-25

20-Jan-22

16-Jun-25
11-Oct-23 DESIGN LEVEL GEOTECH & SURVEY

11-Oct-23 DeS|gn Level Geotech
20- Nov-25, PRELIMINARY AND FINAL ENGINEERING

0d-Jul-22 D4-Jul-22 Project Dellvery Method ! (assumes mlxed contractmg)

Preliminary Engineering

16-Mar-23

Final Engineering

14-Dec-23

Recreation Facilities Design/Engineering

14-Dec-23

13-Dec-23 13-Dec-23, Prellmlnary Englneerlng
01-Jan-25 b 01-Jan-25, Final Englneerlng
20-Nov-25 20-Nov-25, Recreatlon Facmtles De3|gn/Eng|neer|ng

12-Sep-28, SWRCB NPDE
12-Sep-28, SWRCB Waste
28-Jan-26, SWB CWA Section 401 Water Quality Certification

09-Jul-25, DWR DSQD (Multiple peirmits based orI construction backage

p 25-May-29, RIG

p 25-May-29, Relg
16-Jun-25 Acqulstlon Closeout and Transfer of Junsdlctlon as needed

122-Nov-

122-NoV-

15

B 8 Critical Remaining Work
L 4 € Milestone

Summary
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SITES PROJECT Date: 10-Jun-21

06-Jun-29, CO

Procurement Designers/Design Builders/Design Assist 54-Jun-22 24-Jun-22, Procurement Designers/Design Builders/Design Assist | |
Procurement - Contra 55.Nov-26 ! ! E » 25-Nov-26, Pracurement - Contractors

Conveyance Features ' 13-Nov-28 ‘ : ' ; ; ll3-Nov-28, Codveyance
Reservoir Features 06-Jun-29 5 06-Jun-29, Re
Recreational Features . 59.Nov-28 22-Nov-28, Redreationj

Roads & Brid

10-Jun-26, Roads & Bridges

: : 15
12
¢ 15

Early Operations (Commissioning) 12-Apr-30

Full Operations Begins 15-Apr-30

B Critical Remaining Work Page 3 of 3
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MILESTONES s
MS-011-DE

30-Dec-21,

ug- @ Release Revised Draft EIR/ Supplemental Draft EIS for Public Rd

Public Review

MS-003-LF Local Funding (Go/No-go #3) 0 0% 29-Sep-21 575 MS-002-LF WP3-010 0 Local Funding {Go/No-go #3)

MS-020-CS  WHN Construction Start Date (12/16/21) 0 0% 23-Dec-21 124 CES-280, CES-090 MS-008-Ph2-2a @ WIIN Construd
MS-004-P2 Ph 2 Amendment 2 0 0% 30-Dec-21* 1 OP-490, PS-030, INV-00-30, INV-033, | DB-100, STA-100, FO-1090 | &+ . ¢ Ph2Amen

OP-490, PS-030, INV-00-30, INV-033, | DB-100, STA-100, FO-1090 ! ! € Ph 2 Amend
RA-010, GC-020, CON-040, PC-010, ! ‘ :

PC-020, MS-004-P1b, TM-F107,
FED-050, EM-00-10, GSR-040,
ENG-230, FF-030, TM-D97, TM-D99,
TM-F99, TM-H99, TM-198, TM-199,
TM-D98, EIR-580, CWC-010,
TM-F97, TM-F98, GS-30, GS-C50,
ORA-010, WP-00-2A, A3WP-1120,
PA-450, AR-030, PS-020, RA-00-1B,
RCB-20-268, POF-003, A3WP-1140,
A3WP-1150, AR-040, TM-E99,
TM-E97, TM-E98, ENG-430, MB-010

03-May-21, Full Operations Analysis

03-May-21, Cost Summary

OP-$-460 Climate Change Appendix 23-Nov-20A  03-May-21 OP-1100 OP-$-455, OP-470, Climate Change Apperiwlix
EIR-025, OP-460 !
OP-$-455  Cumulative Appendix 23-Nov-20A | 03-May-21 OP-$-460 EIR-027 Cumulative Appendix | L
BAATP Documeniation 4z 51.04% 01-Nov-20A %30-Jun-21 30-Jun-21, BA/ITP Documentation
OP-450 BA/ITP and Water Rights Modeling Support 18 70.97%  01-Nov-20A  26-May-21 1165, OP-1030 OP-360 BA/ITP and Water Rights Modeling Support
OP-360 Appendices for BA/ITP 0% : 03-May-21 30-Jun-21 1165 OP-450, MS-007-PD, PDE-60 CES-200 | Appendices for BA/ITP !
Operations Plan, Ver 1 17.69%  01-Nov-20 A 24-Nov-21 2158 24-Nov-21, Qperations Plal
OP-470 Operations Plan, Version 1 17% 01-Nov-20A  24-Nov-21 68 OP-$-460 OP-475, CFS-010, CFS-020 Operations Plan, Version 1
Support Development of Ops Plan Ver 1 Documentation 23.91% : 01-Mar-21 A 19-Nov-21 2161 OP-470 OP-490 Support Develobmem of Opg
Temeemmmmn 557 R EEEOR SR sgsr !
OP-480 ($$$) Support Operational Agreements 0% | 23-Sep-20 A 22-Dec-22 1668 OP-446, OP-0240 OP-490, FO-1040

OP-490 MS-004-P2, FO-1040

Support for Operational Agreements Documentation 410 0% :19-Nov-20A  22-Dec-22 1891 OP-480 ($$3), OP-475
alysis far CWC/WSIP Benefits - 01-Jun-21
CWC/WSIP Operations Modelmg . 01-Sep-20A : 14-May-21 , 20
CFS-020 CWC/WSIP Fisheries Modeling (life cycle) 21 0% | 03-May-21 01-Jun-21 68 CFS-010, OP-0230, OP-446, OP-470 | CFS-030
CFS-030 CWC/WSIP Documentation and Appendices 03-May-21 17-May-21 CFS-020 CWC-403

01-Jun- 21‘, Bridging Analysis for CWC/WSIP Benefns
CWC/WSIP Operatlons Modeling

CWC/WSIP Fisheries Modeling (life cycle)
CWC/WSIP Dooi»umentation and Appendices

OP-1110 Sites-Reclamation Operating Agreement Term Sheet 02-Nov-20 A -Jun- OP-1030 OP-1120, OP-1005 Sites-Reclamation Operating Agreement Terrn Sheet
14-Jun-21 29-Jun-22 POF-004, OP-1110 OP-1015

OP-1005 Final Sites-Reclamation Operating Agreement
inal Sites-DWR O ting A i

OP-1120 Sites-DWR Operating Agreement Term Sheet ' . 02-Nov-20A  14-Jun-21
OP-1015 Final Sites-DWR Operating Agreement 0% : 15-Jun-21 30-Jun-22
Operations Plan, Version 2 0% 27-Aug-21 26-Jan-23 1659
FO-1050 Operations Plan, Version 2 0% : 27-Aug-21 26-Jan-23 1659 EIR-080, FO-1040 FO-1060
Annual Operating Plan Process and Procedures 0% : 25-Nov-21 21-Nov-23 1446
FO-1060 Annual Operatmg Plan Processes and Procedures 0% : 25-Nov-21 21-Nov-23 1446 EIR-100, FO-1050 FO-1070

OP-1030, OP-1110, OP- 60 1A P 1015 ‘Sites-DWR Operatmg Agreement Term Sheet
POF-004, OP-1005, OP-1120 FD-110 g

Praject Description Chap 03-May-21, Project Description Chapter

BB Actual Work ® Critical Remaining Work
Remaining Work € € Milestone

Summary Page 1 of 9
Sites Project Detailed Planning Schedule
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EIR-021

Prepare Revised Draft EIR/SDEIS Project Description
Chapter

13-dan-21 A

22-Sep-20A

03-May-21

EIR-470

WP2-130, OP-1100, PDE-50, PDE-55,

EIR-030, FED-020,
ENG-290, ENG-265,

CiD A0n CiD A02

FIR.N18

OP-0250, OP-0260, PDE-55, -
EB-00-00, OP-320, ENG-510,

Group 1 Submittal

EIR-040

Chapters

Incorporate comments/edits and prepare Public Revised
Draft EIR/SDEIS

28-Jun-21

23-Jul-21

EIR-035, EIR-590

EIR-025 Group 1 Submittal 1. 96.88% 13-dan-21A  03-May-21 0 OP-$-460, OP-460 EIR-030, EIR-125, EIR-035
EIR-027 Group 2 Submittal 16 50%:13-dan-21 A 24-May-21 4! OP-$-455 EIR-030, EIR-135
EIR-035 Authority/Reclamation/Integration/Authority Legal Review of 38 0% : 04-May-21 25-Jun-21 0. EIR-025, EIR-085 EIR-040, EIR-590,
Admin Revised Draft EIR/SDEIS ENG-239, EIR-060
EIR-125 Authority Board - Part 2 Admin RDEIR/SDEIS Group 1 1 0% : 26-May-21 26-May-21 0. EIR-025, EIR-085 EIR-030
Chapters
EIR-030 Complete Admin Revised Draft EIR/SDEIS (with Group 3 1 0% : 28-May-21 28-May-21 0 EIR-021, EIR-501, EIR-018A, EIR-135, EIR-590, 404-001,
submittal) EIR-019A, EIR-020, EIR-025, FED-090
CiD. . AN7. CIiD. 408
EIR-590 Cooperating Agency Review 19 0%  01-dun-21 25-Jun-21 0. EIR-035, EIR-030, EIR-020 EIR-040
EIR-135 Authority Board - Part 3 Admin RDEIR/SDEIS Remaining 0% : 23-Jun-21 23-Jun-21 EIR-027, EIR-030, EIR-005 EIR-060

EIR-045, EIR-050

Prepare Revised Draft EIR/SDEIS Project Description Chapter

26-Aug-21, Rewsed Draft EIR/Supplemental Draft EIS

25 Jun-21, Prepare Administrative Rev;sed Draft EIR/Supplemental Draft EIS

PrepareAdmm RDEIR/SDEIS Groups 1, 2, and3

CGroup 2 Submlﬂal | |
Auihonty/RecIamahon/Integrahon/Authorny Legal Review of Admin Revised Draﬂ EIR/SDEI

| Complete A¢Imin Revised Draft EIR/SDEIS (with Gr:foup 3 submittal)

Cooperatmg Agency Review

Live Edit Meetings

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

| Authority Board Part 2 Admin RDEIR/SDEIS Group 1 Chapters

| Auihonty Board - Part 3 Admin RDEIR/SDEIS Remaining Chapters

26-Aug-21, F?repare Public Revised Draft EIH/Suppiememal Draf

Incorporate comments/edits and prepare Public Revised Draft EIR/SDEIS

EIR-045 Live Edit Meetings 6 0% | 29-Jun-21 07-Jul-21 2 EIR-040 EIR-050, EIR-060
EIR-060 Authority Board - Review and Delegate Authority to Release 0% ; 21-dul-21 21-Jul-21 2 EIR-035, EIR-135, EIR-045 EIR-050 | Authority Board - Review and Delegate Authority to Release the RDEIR/SDEIS i
the RDEIR/SDEIS in August | |
EIR-050 Reclamation Backcheck edits and Finalize Revised Draft 7 0% : 26-Jul-21 03-Aug-21 0 EIR-045, EIR-040, EIR-060 EIR-067, EIR-150 Reclamation Backcheck edits and Finalize Revised Draft EIR/SDEIS
EIR/SDEIS i ‘ i
EIR-067 Final Editing, Formatting and Doc Production 0% : 26-Jul-21 03-Aug-21 0 EIR-026, EIR-050 EIR-075, EIR-150 Final Editing, Formamng and Doc Production
EIR-075 Coordination with Reclamation, Reclamation internal 15 0% : 04-Aug-21 24-Aug-21 0 EIR-067 EIR-080, EIR-150 | Coordination Wlth Reclamation, Reclamation |mernal clearance, al
clearance, and public noticing w |
EIR-150 Authority Board - Status of Release of RDEIR/SDEIS, 1 0% : 25-Aug-21 25-Aug-21 0 EIR-067, EIR-050, EIR-026, EIR-075 | EIR-090, EIR-080 | Authority Boajrd - Status of Release of HDEIH/SDEI$, Public Meg
Public Meeting Schedule ! ' !
EIR-080 Authority Release Revised Draft EIR/SDEIS and Issue 1 0% | 26-Aug-21 26-Aug-21 0 EIR-075, EIR-150 EIR-090, CWC-450, | Authority Release Revised Draft EIR/SDEIS and Issue Public Nof
Public Notices MS-011-DE, FO-1050, | | |
FO-1020, FO-1030, !
,,,,,,,,,,,,,,,,,,,,,,,,, } EOL1040 ! !
Public Review ; 27-Aug-21  28-Oct-21 0 1 28-Oct-21, Public Review,
""" EIR-090  Public Review Period 63 0% 27-Aug-21  28-Oct-21 0 EIR-080, EIR-150, EIR-487 EIR-530, EIR-100, EIR-092, ! Public Review Period
EIR-095 ! ;
EIR-530 Public Meetings 27-Sep-21  30-Sep-21 EIR-090 EIR-100, ER-110 | [ i’ Public Meetings S
Begin Preparation of the Admin Final EIR/EIS 5-Oct-21 17-Dec-21 ! 17-Dec—21 , Begir
EIR-100 Approach to Response to Comments 18 0% | 29-Oct-21 24-Nov-21 0! EIR-090, EIR-530 EIR-105, FO-1080, FO-10€ Approach to Response to (
EIR-095 Categorize and Sort Comments by Topic 18 0% | 29-Oct-21 24-Nov-21 0: EIR-090 EIR-105 Categorize and Sort Comnj
EIR-105 Authority/Reclamation/Legal Review 3] 0% : 29-Nov-21 06-Dec-21 0 EIR-100, EIR-092, EIR-095 EIR-140, EIR-210 1 i ] Authority‘/Reolamation
EIR-140 Authority Board - Summary of Comments received in the 1 0% : 17-Dec-21 17-Dec-21 213 EIR-105, EIR-110 EIR-210 ' ] | Authonty Board -
RDEIR/SDEIS and Approach to Responses ‘
Environmental Feasibility Repori For CWC 39 0% 27-Sep-21  22-Nov-21 22-Nov-21, Edvironmentai i
EIR-110 Prepare Draft Environmental Feasibility Report for CWC 14 0% : 27-Sep-21 15-Oct-21 3 EIR-530 EIR-540, EIR-00-SR, Prepare Draft Environmental ﬁeasibility Req
FO-1080, EIR-140 1
EIR-540 Authority review of Draft Environmental Feasibility Report 8 0% : 18-Oct-21 27-Oct-21 3 EIR-110 EIR-560 Authority review of Draft Environmenta)
for CWC !
EIR-560 Legal Review of Draft Environmental Feasbility Report for 5 0% : 28-Oct-21 03-Nov-21 3. EIR-540 EIR-117 Legal Review of Draft Environmente
CWC
EIR-117 Live Edit Meeting of Draft Environmental Feasibility Report 1 0% 04-Nov-21 04-Nov-21 3 EIR-560 EIR-570. EIR-580 | oy | Live Edit Meeting of ﬁfiaifitiéﬁiliridr;rin
for CWC
EIR-580 Resolve Legal Comments and prepare Final Feasibility 7 0% : 05-Nov-21 . 16-Nov-21 3 EIR-117 EIR-120, MS-004-P2, Resolve Legal chmments and
Report for CWC ; EIR-570 ‘
R Actual Work Critical Remaining Work b Summary Page 20of 9
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EIR-570

22-Nov-21

Board Briefing of Draft Environmental Feasibility Report for EIR-120

CWC
EIR-120 Final Environmental Feasibility Report Submittal to CWC

EmalERERQIRE . 4s3 | o% o7becdl | bilAmg
EIR-210 Prepar

EIR-117, EIR-580 | Board Briefing of Draft Envi

8. EIR-580, EIR-00-SR, EIR-570 CWC-500, CWC-490

& Final Environm:emal Feasibi

0. EIR-105, EIR-140

WR-125, EIR

12-Oct-21, PERMITTING

12-Oct-21, Geotechnical Field Moniioring

Geotechnical Field Monitoring

GPP-00-00 ENG-404, ENG-406

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

01.5ep-20A

FED-020 U.S. Army Corps of Engineers CWA 404, Rivers and 529 3% 04-Feb-21A  11-May-23 429 EIR-021, 404-025 FED-030
Harbors Act Section 10 ‘
2?—Dec-21, Clg
404-015 Aquatic Resources Mapping and Reporting 01-Sep-20A  03-May-21 404-010, 404-003 404-030 Aquatic Resources Mapping and Reporting ! ‘
404-010 Deskiop Wetland Delineation Analysis (includes Waters of 40 50% : 01-Sep-20A  28-Jun-21 410 ENG-220, 404-001 404-020, 404-015, 404-025, : Desktop Wetland Delineation Analysisi(includes Waters of the State)
the State) 408-00-00 ! !
404-050 Prepare Draft 404 Application 121 10% 04-Feb-21 A 22-Oct-21 1046 | 404-003, 404-025 404-060, 404-035, 404-035 ‘Prepare Draft 404 Application
404-035 Prepare Compensatory Mitigation Plan 121 5% 04-Feb-21 A | 22-Oct-21 1046 404-050, 404-050 404-060 Prepare Compensatory Mitibaiion Plan
404-001 Prepare LEDPA analysis 20 0% 05-Feb-21 A | 28-May-21 410 VP-070, 404-003, EIR-030 404-010, 404-025 Prepare LEDPA analysis ‘
404-020 Submit Delineation to USACE 0 0% 29-Jun-21 1062 404-010 404-030 0 Submit Delineation to USACE ‘
404-030 Preliminary Wetland Delineation Acceptance 90 0% ; 30-Jun-21 28-Sep-21 1534 404-020, 404-015 404-060 Preliminary Wetland Delineation Acce;%ﬂance
404-060 Authority/Integration/Work Group Review of Draft 404 20 0% : 25-Oct-21 22-Nov-21 1046 404-050, 404-035, 404-030 404-070 Authority/Integration/Work
Application
404-070 Prepare Final 404 Application 20 0% : 23-Nov-21 22-Dec-21 1046 404-060 404-120 | | Pl}*epare Final 4
404-120 Submit 404 Application 0 0% 22-Dec-21 1046 404-070, 404-00-00 CWC-510 ! | € Submit 404 Ap
U.5. Army Corps of Engineers Rivers and Harbors Act Section 529 0% 04-Feb-21A  11-May-23 429
FED-030 U.8. Army Corps of Engineers Rivers and Harbors Act 529 0% 04-Feb-21A 11 -May-23 429 FED-020 STA-030
Section 14, Section 408
U.S. EPA and U.S. Army Corps of Engineers LEDPA Review 481 0% 02-Nov-20A  06-Feb-23 497

FED-040 0% 02-Nov-20A  06-Feb-23 497 . WP2-130 RC-100

0% 01-Sep-20A  04-Feb-22 969

FED-050 Advisory Council on Historic Preservation NHPA Section 10 0% : 01-Sep-20 A 02-Dec-21 19 106-001 MS-004-P2 Advisory Gouncil on His
106-022 Reclamation Review 35 0% ; 22-Mar-21 A 21-Jun-21 966 106-021 106-024 Reclamation Review
106-024 Revisions 9 0% : 22-Jun-21 02-Jul-21 966 106-022 106-025, 106-032 Revisions !
106-025 Reclamation Distributes to SHPO and Invited Consulting 5 0% ; 06-Jul-21 12-Jul-21 981 106-024 106-026, 106-033 Reclamation Distributes to SHPO and Invited Consulting Parties
Parties | | |
106-032 Arrange Meeting Logistics and Prepare Materials 20 0% ; 06-Jul-21 02-Aug-21 966 106-024 106-042, 106-033 Arrange Meeting Logis:ﬁcs and Prepare Materials
106-026 Parties Accept Invitation for Consulting Party Status 30 0% 13-Jul-21 11-Aug-21 1432 106-025 106-052 Parties Accept Invitation for Consulting Party Status
106-033 Conduct Meetings 10 0% : 03-Aug-21 16-Aug-21 966 106-025, 106-032 106-042, 106-041 1 Conduct Meetings
106-041 Prepare Draft PA 10 0% : 17-Aug-21 30-Aug-21 966 . 106-033 106-042 Prepare Draft PA
106-042 Reclamation Review 10 0% : 31-Aug-21 14-Sep-21 966 106-032, 106-033, 106-041 106-044, 106-052 | Reclamation Review
106-044 Revisions 15 0% : 15-Sep-21 05-Oct-21 978 106-042 106-061 ! Revisions ;
106-052 Circulate Draft PAto SHPO and Consulting Parties 5 0% : 15-Sep-21 21-Sep-21 966 106-026, 106-042 106-053 Circulale Draft PAto SHPO and Consultihg Parties
106-053 Deadline for Comments on Draft PA 30 0% | 22-Sep-21 21-Oct-21 1398 106-052 106-061 Deadiine for Comments on Draft PA
106-061 Prepare Draft Final PA 25 0% : 21-Oct-21 30-Nov-21 967 106-053, 106-044 106-062 Prepare Draft Final PA
106-062 Reclamation Review 10 0% : 30-Nov-21 14-Dec-21 967 106-061 106-064 Reclamation Revig
106-064 Revisions 10 0% : 14-Dec-21 29-Dec-21 967 106-062 106-072 » Revisions
106-071 Consult with SHPO and Consulting Parties on Draft Final F 25 0% i 29-Dec-21 04-Feb-22 969 106-072 106-073 ' ) !
106-072 Circulate Draft Final PAto SHPO and Consulting Parties 5 0%:29-Dec-21 06-Jan-22 967 106-064 106-071, 106-073 Circulatef
USFWS and NMFS ESA Section7 230 0% 01-Sep-20A  05-Apr-22 977 : : ;
FED-060 USFWS and NMFS ESA Section 7 189 20%:01-Sep-20A  03-Feb-22 734 WP2-130 RC-100
R Actual Work B Critical Remaining Work b Summary Page 30f 9
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BA-016 Adaptive Management Plan 118 0% 01-Sep-20A | 19-Oct-21 969 BA-015, WP2-130 BA-060
BA-025 Prepare Operations Analysis 30 0% 24-Feb-21 A 14-Jun-21 971 VP-095, BA-010, OP-320 BA-030, BA-029
BA-024 Prepare Construction Analysis 21 0% : 25-Mar-21 A 01-Jun-21 980 BA-001, ENG-220, BA-022 BA-030, BA-029
BA-029 Authority Review and Comment Construction and 12 0% ; 15-dun-21 30-Jdun-21 971 BA-025, BA-024 BA-030
Operations Analysis
BA-030 Finalize Admin Draft BA 21 0% : 01-dul-21 30-Jul-21 971 BA-010, BA-015, BA-024, BA-025, BA-035, BA-032
BA-029
BA-032 Submit Final Admin Draft BA 0 0% 30-Jul-21 971 BA-030 BA-035
BA-035 Independent Review Draft BA 31 0% : 03-Aug-21 02-Sep-21 1404 BA-030, BA-032 BA-055, BA-057
BA-055 Reclamation, Legal, and Work Group Review 74 0% : 03-Aug-21 15-Oct-21 1404 BA-035 BA-057, BA-075
BA-057 Revise Admin Draft BA 31 0% | 03-Sep-21 19-Oct-21 969 BA-055, BA-035, BA-011 BA-075, BA-060
BA-060 Submit Revised Admin Draft BA to Reclamation 0 0% 19-Oct-21 969 BA-057, BA-016 BA-075
BA-075 Final Reclamation and Solicitor Office Review 33 0% : 20-Oct-21 21-Nov-21 1400 BA-055, BA-057, BA-060 BA-1110, BA-100
BA-100 Reclamation Submit BAto USFWS & NMFS 0 0% 21-Nov-21 1400 : BA-075, BA-000 BA-1110

01-Sep-20A

FED-075 USFWS Bald Eagle Protection Act (includes Pre-Application 0% 01-Sep-20 A 13-Jun-23 395 WP2-130 RC-100
Surveys) ;
USBR Warren Act 356 0% 01-Jun-21  01-Nov-22 e
FED-090 USBR Warren Act 356 0% 01-Jun-21 01-Nov-22 1132 EIR-030 EIR-450
USBH - Land Agreement 363 0% 02-Nov-20A  13-Oct-22 290
FED-100 USBR Land Agreements 6% 13-Oct-22

02-Nov-20 A

01-Sep-20A

290 WP2-130

Central Valley Flood Protection Board Levee Encroachment 0% 11-May-23
STA-030 Central Valley Flood Protection Board Levee Encroachmer 501 15% 01-Sep-20 A 1 -May-23 417 WP2-130, FED-030 RC-100
T Mo . 5 SR e S
~ WR-005 \évﬁ;:ﬁ ;gvanabimyAnalysis & Planning/Coordination with 107 10% 01-Sep-20A  01-Oct-21 776 wpP2-130 WR-025, WR-00-00
WR-025 Prepare Water Right Application 101 12% : 01-Feb-21 A 23-Sep-21 776  WR-005 WR-035
WR-035 QA/QC and Legal Review of Draft Water Right Application 1 0% | 24-Sep-21 08-Oct-21 776 WR-025 WR-045
WR-045 Revise Draft Water Right Application 19 0% : 12-Oct-21 05-Nov-21 776 WR-035 WR-055
WR-055 Work Group Review of Draft Water Right Application 4 0% : 08-Nov-21 12-Nov-21 776 WR-045 WR-065
WR-065 Resolve Work Group Comments 8 0% : 15-Nov-21 24-Nov-21 776 . WR-055 WR-075
WR-075 Authority Approval of Water Right Application, Submit to 15 0% : 29-Nov-21 17-Dec-21 776 . WR-065 WR-085
SWRCB
WR-085 Submit Water Right Application 17-Dec-21 776 WR-075 WR-095
WR-095 SWRCB Review of Water Right Application 18-Dec-21 16-Feb-22 1126 | WR-085 WR-105
........................................................... e

401-120

Coordinate with RWQCB and SWRCB - Conditional Apprc

15-Jan-21 A

22-Dec-21

404-003

401-130 Prepare Draft 401 Application - Conditional Approval 01-Mar-21 A | 13-Sep-21 1051 WP2-130, 401-120 401-140
401-140 Authority/Integration/Work Group Review of Draft 401 - 14-Sep-21 12-Oct-21 1051:401-130 401-150
Conditional Approval
401-150 Prepare Final 401 Application - Conditional Approval 43 0% : 13-Oct-21 15-Dec-21 1051 401-140 401-160
401-160 Submit 401 Application - Conditional Approval 0 0% 22-Dec-21 1046 401-150, 401-00-00, CES-270, CWC-510, 401-170
CES-280, 401-120
CDFW Incidental Take Permits 292 0% 01-Sep-20A  01-Juk22 915

STA-110

CDFW Section 2081

01-Sep-20A

01-Jul-22

106-001

_____________________________________________________________________________________

Mitigation Planning

Prepare Operations Analysis
Prepare Construction Analysis

Authority Review and Comment Construction and Operations Analysis

Finalize Admin Draft BA |

€ Submit Final Admin Draft BA

Independent Review Draft BA

Water Availability Analysis & Planning/Coordinatior]

Prepare Water Right Application

Prepare Draft 401 Applicat

21-Nov-21, Biglogical Assess

Adaptive Management Plan

Reclamation, Legal, and WorkiGroup Revie
Revise Admin Draft BA |

€ Submit Revised Admin Draft EA to Reclan]

Final Reclamation and Solici

@ Reclamation Submit BAto U

QA/QC and Legal Review of Draft Water Right
Revise Draft Water F\‘iight Applicatid
Work Group Review of Draft Wi
Resolve Worli( Group Com
Autl‘;]ority Approv;]

@ Submit Water Rig

22-Dec-21, S
22-Dec-21, S
Cbordinale witl

onal Approval

Cond
Authority/Integration/Work Grodp Review of

Prepare Final 401
@ Submit 401 Ap

22-Dec-21, IT

BB Actual Work
Remaining Work €
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CES-210

Prepare Draft ITP Application - Operations

30-Sep-20A

16-Aug-21

VP-095

CES-220, CES-230, CES-2

CES-190 Prepare Operations Analysis - Operations 74 30-Sep-20A  16-Aug-21 1115, OP-0230 CES-200, CES-00-10
CES-200 Additional Mitigation Planning - Operations 18 17-Aug-21 10-Sep-21 1115! CES-190, CES-210, OP-360 CES-270

CES-220 Legal Review of Draft [TP App - Operations 16 0%  17-Aug-21 01-Sep-21 1511 CES-210 CES-240

CES-230 Work Group Review of Draft ITP App - Operations 16 0%  17-Aug-21 01-Sep-21 1511 CES-210 CES-240

CES-240 Revise Draft ITP Application - Operations 21 0% : 02-Sep-21 01-Oct-21 1046 CES-230, CES-220 CES-250

CES-250 Authority Board Approval of ITP App - Operations 39 0% : 04-Oct-21 01-Dec-21 1046 CES-240 CES-260

CES-260 Prepare TP Application to CDFW - Operations 15 0% : 02-Dec-21 22-Dec-21 1046 CES-250 CWC-510, CES-270
CES-270 Submit ITP Application to CDFW - Operations 0 0% 22-Dec-21 1046 CES-260, CES-00-10, CES-200 401-160

CES-020 Delineation Depot and Focused Species Survey - 01-Sep-20A  09-Sep-21 CES-010 CES-025
Construction
CES-030 Prepare Draft TP Application - Construction 74 10%  30-Sep-20A  16-Aug-21 119 VP-095 CES-040, CES-060,
CES-00-00
CES-010 Initial Desktop Analysis - Construction 74 30-Sep-20A | 16-Aug-21 145 ENG-220, VP-095, 8TA-110, BA-001 | CES-020
CES-040 Legal Review of Draft ITP App - Construction 16 17-Aug-21 01-Sep-21 177 CES-030 CES-070
CES-060 Work Group Review of Draft ITP App - Construction 16 17-Aug-21 01-Sep-21 177 CES-030 CES-070
CES-070 Revise Draft [TP Application - Construction 20 02-Sep-21 01-Oct-21 118, CES-060, CES-040 CES-080
CES-025 Mitigation Planning - Construction 27 10-Sep-21 19-Oct-21 145. CES-020 CES-090
CES-080 Authority Board Approval of ITP App - Construction 39 01-Oct-21 01-Dec-21 118, CES-070 CES-090, CES-090
CES-090 Prepare [TP Application to CDFW - Construction 15 01-Dec-21 22-Dec-21 118 CES-080, OP-446, CES-080, CES-0: | CES-280, MS-020-CS
CES-280 Submit ITP Application to CDFW - Construction 0 22-Dec-21 119 CES-090, CES-00-00 MS-020-CS, 401-160
NAHC/Local Tribes AB 52 Consultation 233 01-Sep-20A  08-Apr-22 129
STA-120 NAHC/Local Tribes AB 52 Consultation 233 01-Sep-20A  08-Apr-22 129 STA-110 EIR-250
SMARA 86 07 -Dec 21 12-Apr-22 169
STA-140 SMARA MS-250-FE

07-Dec-21

:'bQ-Dec-EO A

12-Apr-22

EIR-210

09-Dec-20A

04-Sep 20 A

30-Dec-21

p 03-May-21, Geotechnical Permitting & Planning

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Prepare Draft ITP Application - Operations
Prepare Operatio}ns Analysis - Operations
Addiiid:nal Mitigation Planning - Operations
Legal Review of Draft ITP App - Operations
Work Groujjp Review of Draft ITP App - Operaiiods
Revise Draft ITP Application - Operaﬁons

7 Authority B:oard Approva
Pl}*epare ITP Ag
€ Submit ITP Apy
22-Dec-21, ITF

Delineation Depot and Focused Species Survéy - Construd]
Prepare Draft ITI:D Application - Construction

Initial Deskiop Anjalysis - Construction

] Legal Review of Draft ITP App - Construction |
Work Gro;ﬁp Review of Draft ITP App - Construction

] Revise Draft ITP Application - Consiriuciion
Mitigation Planning - Construjption
Authority Board Approva
Prepare ITP Ag

@ Submit ITP Apy

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

30-Dec-21,

30-Dec-21,
‘  Summary R
16-8ep-21, FEASIBILITY LEVEL GEOTECH

Work Plans for Design Level Geologic and Geotechnical 04-Sep-20A v 03-May-21 Work Plans for Designi Level Geologic and Geotechnical Eng l:nvesﬁgaiions
Eng Investigations ‘
""""""""""""""""""" g”07-S£=|:>~2O;¢\ %23-Aug-21 23-Aug-21, Field Investigations
7 Sep-20A | 23-Aug-21 Field Data Coileclion Work Plan and Cost Estimate
, A 16-Sep-21 E 16-$ep-21, Data Evaluation and F{eportingi
GSR-030 Data Evaluation and Prepare Geotechnical Data Reports = 04-Jan21A 16-Sep-21 103 GSR-020 GSR-040 DaTaEvaIuanon and PrepareGeotechnlcalDataReport
GSR-040 Data Gap Assessment and Preliminary Planning for Design 63 04-Jan-21 A | 30-Jul-21 103 GSR-030 MS-004-P2 Data Gap Assessment aﬁd Preliminary Planning for Design Levjel Inv for Pref
Level Inv for Preferred Alt ! !
......................................................................................................................................................................................... ; Sepz{)AOQJfJEQS
VVVVVVVVVVV AECOMNewCostSummaryActlwtle 5v 0% vm{')1~8ﬁ=.p-20A - 07-May-21 07-May-21, AECOM New Cost Summary Activities
""""" ENG-234 Construction Appendix for HR Facilities s 0% :01-Sep-20 A vO7-May-21 81 ENG-370 ENG-390 Construction Appendix for HR Facilities
ENG-238  Real Estate Coordination 5 0% 01-Sep-20A  07-May-21 81 ENG-370 ENG-390, RE-210 Fl Real Estate Coordination
ENG-435 Work Group, Res Com, Auth Meetings 5 0% 01-Sep-20A  07-May-21 158 ENG-380 ENG-392 [Z] Work Group, Res Com, Auth Meetings
TM-H97 PMP and QMP 5 0% 01-Sep-20A | 07-May-21 118 ENG-380 ENG-390 7 PMP and QMP ‘
ENG-236 Dam Safety for HR Facilities 5 0% 01-Oct-20A : 07-May-21 81 ENG-400 ENG-235 71 Damn Safety for HR F;'acilities
ENG-235 Operations and Maintenance Appendix for HR Facilities 5 0% 01-Nov-20 A : 07-May-21 81 ENG-370, ENG-236 ENG-390 71 Operations and Maintenance Appendix for HR Facilities
ENG-237 Engineering to Support Mitigation for HR Facilities 5 0% 01-Nov-20A  07-May-21 81 ENG-340 ENG-390 [ Engineering to Support Mitigation for HR Facilies
Engineering Support for Env and Permitting 292 47.85% 01-Sep-20A 01 duion SRR ‘
ENG-233 Engineering Support for Project Description for Alternative 82 6.82% 01-Sep-20A | A 8. RCB-20-038, PDE-40, WP2-130 ENG-370 Engineering Supporl for Project Description for Alterinative 1
R Actual Work Critical Remaining Work b Summary Page 50f 9
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ENG-370

RCB-20-038, PDE-40, WP2-130,
EIR-035

ENG-220

ENG-239

Engineering Support for Project Description for Alternative 2 01-Sep-20A  26-Aug-21 Engineering Support for Project Description for Alternative 2

MS-004-P2 Provide Eng

ENG-230 Provide Engineering Support to Environmental and 30-Sep-20A  30-Dec-21

Permitting Team

03-May-21, TRR and Funks Res Const Quantities
TRR and Funks Resel‘vow Construction Quantities for EIR/EIS

02-Nov-20 A ENG-501 ENG-550, ENG-570,

EIR-020, ENG-592

TRR and Funks Reservoir Construction Quantities for
EIR/EIS

ENG-510 03-May-21

CWC—SOO

ENG-560 Funks Pipeline & PGP, TRR Pipeline & PGP, TCCA & GCID ENG-501

Facilities, Dunnigan Pipeline Eng

01-Sep-20A  28-May-21 Funks Pipeliine & PGP, TRR Pipeline & PGP, TCCA?& GCID Facilities, Dunnigan Pipeline Eing

ENG-580 Evaluation of Hydro-power Energy Recovery Facilities 63 66.67% 01-Sep-20A : 30-Jul-21 103 ENG-501 CWC-500 Evaluation of Hydro-power Energy Recovery Facilities

ENG-570 Funks Pipeline & PGP, TRR Pipeline & PGP, TCCA & GCID 0 100% : 09-Oct-20 A 03-May-21 165 ENG-510 GSR-020 § Funks Plpehne & PGP TRR Plpehne & PGP, TCCA& GCID Facmtes Dunnigan Pipeline — Consiruchon quantities f
Facilites, Dunnigan Pipeline — Construction quantities for ! ‘ !
s K] e § 10 ]

ENG-550 OH Transmission Lines & Substations - Constr Quantities for 292 0% 02-Nov-20 A 01-Jul-22 289 ENG-510 DB-100

EIR/EIS Summary
Dunnigan Pipeline CVFPB & USACE 408 Permit Support

PH2-2a-1010 . Dunnigan R
07-Sep-21, CH2-hc New Cost Summary Activilies

Develofﬁ Class 4 Cost Estimate for Mitigation Measures asst

04-Jan-21 A 30-Dec-21 ENG-501, ENG-502

ENG-590

ENG-266 Develop Class 4 Cost Estimate for Mitigation Measures 08-Sep-20A  07-Sep-21 ENG-265 ENG-392

associated with HC Facilities

ENG-592 TRR West Analysis 89 0% 02-Nov-20A  02-Sep-21 34 ENG-510 ENG-390 TRR West Analysis
ENG-4867 CBD Hydraulic Impacts Evaluation 89 0%  23-Nov-20A  02-Sep-21 34 OP-0640 ENG-390 CBD Hydlfauhc Impacts Evaluation
ENG-468 GCID Canal HEC-RAS Modeling 89 0%  23-Nov-20A  02-Sep-21 34 OP-0610 ENG-390 GCID Canal HEC-RAS Modeling !
ENG-591 Interconnection, Energy Transaction Cost, and 89 0% 31-Dec-20 A | 02-Sep-21 34 ENG-530 ENG-390 Imerconmjaction, Energy Transaction Cost, and Djevelopmem §
Development Support Services ; ! !
Convert Drawings o GIS Fbrmat 0 100% 12-Sep-20A 03-May-21 s ) ? 03-May-21, Convert Dlrawmgs to GIS Format ]
ENG-220 Convert Drawings to GIS Geodatabase File Format to 0 100% : 12-Sep-20A  03-May-21 0. ENG-200 ENG-230, BA-001, Convert Drawings to GIS Geodatabase File Format to Suppott Environmental & Permitting
Support Environmental & Permitting CES-010, 404-010, !
Preliminary Hydraulics Modeling 20 8387% 01-Sep-20A 28-May-21 350 T p 28-May-21, fPreliminary Hydraulics Modeling
ENG-466 Emergency Release Flood Modeling 20, 83.87% :01-Sep-20A ; 28-May-21 350 WP2-130 ENG-480, ENG-420 Emergency iRelease Flood Modeling
DSOD Engagement 1058 0% 01-Sep-20A  09-Jul-25 85 ;
ENG 400 Dovalop DSOD Engagement Plan i o5 o o S vy i ENG 440, ENG 415 ENG Develop DS
ENG-440 DSOD Engagement 1058 0% 01-Sep-20A  09-Jul-25 65 ENG-400, ENG-445 ENG-410, STA-080, ENG-4 |

29-Oct-21, Risk Workshop

Risk Workshap 0% 01-Oct-20A  29-Oct-21
Risk and Uncertainty Assessment . 1260 0% 01-Oct-20A  29-Oct-21 Risk and Uncertainty Assessment
ConstructabilityAnalysis g 100% 01-Sep-20A  03-May-21 5 P 03-May-21, Constructability Analysis
""" ENG-370 Constructability ©100% 01-Sep-20A  03-May-21 8 ENG-233, ENG-239 ENG-380, ENG-320, Constructability 3 !
PA-220, ENG-234, 1 1
................................................................................................................................... ; MO AGE. EAMA. A00 B .
Class IV Cost Estimate :08-Sep-20A | 23-Jun-21 23 Jun-21, Class IV Cost Estimate
..... ENG-265 Develop Class 4 Cost EstlmatemcludlngMmgatlcm MOB-Sep-ZOA ' 23-Jun-21 ENG-300, ENG-320, Develop Class 4 Cost Estimate lnoludmg Mitigation Measures
Measures ENG-380, ENG-266 ‘ :
Confirm Project Benefits 01-Oct-20A  25-Jun-21 w2 ?5-Jun-21, Confirm Project Benefits
""" ENG-300  Project Benefits 01-Oct-20A  25-Jun-21 32 ENG-140, ENG-150, ENG-265 ENG-380 Project Benefits
Cost Allacation ; 01-0ct-20A  03-May-21 - D 03-May-21, Cost Auocauon
 ENG-320  Cost Allocation 0 100% 01-Oct-20A  03-May-21 32 ENG-265 ENG-370 ENG-350, ENG-360 | CostAllocation L
Economic Feasibility 39 0% 01-Oct-20A  25-Jun-21 32 25-Jun-21, Economic Feasibility
ENG-350 Prepare Economic Feasibility 39 0% :01-Oct-20 A : 25-Jun-21 32 ENG-320 ENG-380 Frepare Economic Feasibility
Financial Feasibility 39 0% 01-Oct-20A  25-Jun-21 32 p5-Jun-21, Financial Feasibility
ENG-360 Prepare Financial Feasibility 39 0% 01-Oct-20A : 25-Jun-21 32 ENG-320 ENG-380, ENG-340 i:’repare Financial Feasibility
Confirm Env Feasibility with Mitigation 39 0% :10-0Oct-20A 25-Jun-21 32 25 Jun-21, Confirm Env Feasibility wnh Mitigation
ENG-340 Obtain the Finding of Env Feasibility with Mitigation 39 0% :10-Oct-20A : 25-Jun-21 32: ENG-360, ENG-410 ENG-380, ENG-237 Obtam the Finding of Env Feasibility wnh Mitigation ‘
Program Design/Construction/Permit Implementation Schedule 145 0% 01-Oct-20A  30-Nov-21 .. ... _ 30-Nov-21, Program De
ENG-410 Develop ProQéﬁﬁ Design/Construction/Permit 145 0% :01-Oct-20 A féé—Nov»21 32 ENG-406, ENG-440 ENG-340 Develop Program Desig
Implementation Plan ; !
R Actual Work Critical Remaining Work b Summary Page 6 0of 9
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Geotechnical Permit Planning & Invest Plan 57.18% 01-Sep-20A 12-Oct-21, Geotechnical Permit:Planning & Ir]

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e

ENG-404 Coordinate Geotechnical Investigation Plan 39 62.14% - - - 64 WP2-130, GSR-015 CWC-500, ENG-406 Coordinate Geotechnical Investigation Plan ‘

ENG-4086 Coordinate to Develop Geotechnical Permitting Plan 92 0% 64 WP2-130, ENG-404, GSR-015, ENG-410 : : Coordinate to Develop Geotechﬁioal Permittir]
ENG-440 1

Feasibility Report 87 4838% 01 8ep? 2 s . 02—Sep-2;1, Feasibility Report

ENG-380 Prepare Draft Feasibility Report 41, 70.29% 01-Sep-20A  28-Jun-21 33 ENG-210, ENG-350, ENG-340, ENG-390, ENG-385, Prepare Draft Feasibility Report ‘
ENG-360, ENG-370, ENG-265, CWC-010, ENG-435,
ENG-300 TM-H97

ENG-390 Prepare Final Feasibility Report 40 0% : 09-dul-21 02-Sep-21 32 ENG-380, ENG-385, OP-0230, ENG-392, 408-010, Prepare Final Feasibility Report
OP-448, ENG-234, ENG-235, DLG-010, CWC-403 !

ENG-237, ENG-238, TM-H97,
ENG-467, ENG-468, ENG-591,
LENG-592 ENG-385

CWC Feasibi . 05-Oct 20 A
CWC-010 Mitigation Measure Evaluation/Cost Estimate 164 0% : 05-Oct-20 A : 28-Dec-21 0 ENG-380 MS-004-P2 iMiiigation Mg
TM-F107 CWC Feasibility Report Permitting Support 166 0% 13-Oct-20A | 30-Dec-21 0 404-003 MS-004-P2 ! | ! CWC Feas

CWC Eeasibi 131 0% 09-Aug-21 14 17-Dec-21, CWQ
CWC-403  CWC Feasibility Review 130 0% 09-Aug-21  16-Dec-21 15| ENG-390, CFS-030, CWC-450, CWC-500 'CWC Feasibility F
ENG-290 3
CWC-490 CWC Review Final Environmental Feasibility Report 25 0% : 22-Nov-21 17-Dec-21 14 EIR-120 CWC-500 CW%C Review Fir]
30 0% 27-Aug-21  07-Oct21 PP 07-Oct-21, CWC Review of Publicf, Draft EIR/EI
30 0% 27-Aug-21 07-Oct-21 11 EIR-080, CWC-420 cwc-403 CWC Public Review Draft EIR/EIS

17 Dec.21 Bessi e : : @ 17-Dec-21, CW(

0 0% 17-Dec-21* 14 EIR-120, ENG-404, OP-070, PD-100, DB-100, PDC-1000 € CWC Determina
ENG-560, ENG-580, ENG-540, | 1 |

ENG-503, ENG-502, TM-H98,
CWC-403, ENG-392, CWC-490

17-Dec-21 :24-Jun-22
17-Dec-21 24-Jun-22

CWC-500

PD-100, DLG-010, MIT-015

02.Jan-20A : 30-Dec-21,
02-Jan-20A  30-Dec-21 13 MS-004-Ph2 MS-006-Ph2-2a ‘ ' Outreach 19
FUNDING - 30-Jun-22

WSIP-1120 | WSIP Twelfth Quarterly Report (Period April 1, 2021 29-Jun-21 21-Jul-21 WSIP-1110 WSIP-1130

through June 30, 2021
WSIP-1130 WSIP Thirteenth Quarterly Report (Period July 1, 2021 16 0% | 30-Sep-21 22-Oct-21 158 WSIP-1120 WSIP-1140, PH2-2a-1000,
through September 30, 2021 MS-006-Ph2-2a
WSIP-1140 WSIP Fourteenth Quarterly Report (Period October 1, 2021 15 0% | 30-Dec-21 21-Jan-22 1328 WSIP-1130 MS-450-RD

through December 31, 2021

02-Jul-21 19-Jul-21 FAA-1030 FAA-1050

FAA-1040 | FAA Performance Report No.4 (Period April 1, 2021

FAA Performance Report Nd.4 {Period April 1, 2021 through June 30, 2021
through June 30, 2021 | |

FAA-1050 : FAA Performance Report No.5 (Period July 1, 2021 through 10 0% : 28-Sep-21 12-Oct-21 166 | FAA-1040 FAA-1060, MS-006-Ph2-2a FAA Performance Report No.5 {Period July 1
September 30, 2021 !
FAA-1060 : FAA Performance Report No.6 (Period October 1, 2021 5 0% i 22-Dec-21 29-Dec-21 1286 FAA-1050 FAA-1070, PH2-2a-1000 FAA Perforn

through December 30, 2021

USDA-1020 | USDA Status Update Report (Apr 2020 - Sept 2021)

01-Oct-21

p 25-Oct-21, USDA Loan ;
USDA Status Update Repbrt (Apr 2020

USDA-1030, PH2-2a-1000,
MS-006-Ph2-2a

5-Oct-21 157 USDA-1010
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WL-00-010

WIFIA Loan Application

01-Sep-20A

WL-005

WL-00-00

WL-00-00

WIFIA Loan Application Prep

125

0%

03-Jan-22

GROWTH

" FO-1020

Final GCID Facility Use Agreement

Final CBDA Facility Use Agreement

Project Plan of Finance

~ POF-002

01-Nov-20A

27-Aug-21

01-Nov-20 A

2010 WL-005, WL-00-010 WL-015

22-Dec-22

EIR-080, POF-004

POF-010 POF-003

POF-003

Guiding Principles and Preliminary Terms

01-Dec-20A

POF-002, POF-001, POF-400 MS-004-P2

01-Dec-20A

30-Jun-21

325 ENG-190, WP2-130 OP-1005, OP-1015,

FO-1020, FO-1030,

PA-450 Participation Invoices 100 01-Mar-21 A 22-Sep-21 66 PA-400 MS-004-P2
A3WP-101 | Top-Down Estimate 5 01-Apr-21 A 07-May-21 8 A3WP-1000 A3WP-1020, ASWP-1030
A3WP-10z2  Work Plan Deliverables to Board (Info Item) 32 29-Apr-21 A 16-Jun-21 8 A3WP-1010 A3WP-1050
A3WP-10C | Task Order Cost Estimates (Consultant Bottom-Up) 32 29-Apr-21 A 16-Jun-21 8 A3WP-1010 A3WP-1050
A3WP-10€ | Soft Call 12 01-Jun-21 16-Jun-21 39 ABWP-1050, ABWP-1060 A3WP-1090
A3WP-1050 Workplan Deliverables (Approval) 36 01-Jun-21 21-Jul-21 8 A3WP-1020, ABWP-1030 A3WP-1070, ABWP-1080,
A3WP-1060
A3WP-1060 Affordability Review 17 0% ; 01-Jun-21 23-Jun-21 8 A3WP-1050 A3WP-1070, ABWP-1080,
A3WP-1140
A3WP-1140 Draft Letter to CWC on 75% Non-Public Cost Share and 44 0% | 24-Jun-21 25-Aug-21 85 ABWP-1060 MS-004-P2
Draft Materials
A3WP-107 | Successor Agreement & Work Plan (Info ltem) 40 0% | 30-Jun-21 25-Aug-21 8 A3WP-1050, ABWP-1060, PA-210 A3WP-1090
A3WP-10¢ | Successor Agreement & Work Plan (Approval) 37 0% | 02-Aug-21 22-Sep-21 8 ABWP-1070, ASWP-1080, PA-400 A3WP-1100
A3WP-110 | Task Order (Info Item) 20 0% | 31-Aug-21 28-Sep-21 8 ABWP-1090 A3WP-1110
A3WP-111 | Task Oder (Approval) 20 0% | 29-Sep-21 27-Oct-21 8 ABWP-1100 A3WP-1120, ABWP-1150
A3WP-115 | Submit 75% Non-Public Cost Share Package to CWC 1 0% : 27-Oct-21 27-Oct-21 42 ABWP-1110 MS-004-P2
A3WP-112 | Issue Task Orders 34 0% : 28-Oct-21 17-Dec-21 8 A3WP-1110, ABWP-1130 MS-004-P2
PROJECT CONTROLS 02-0ct-20A  30-Dec-21
TM-B97 Quality Control 02-Oct-20 A | 30-Dec-21 MS-005-Ph2-1b
Risk Assessment 28-Dec-20A  17-Dec-21 8
RA-010 Prepare Cost Risk Update 28-Dec-20A  17-Dec-21 8. RA-005 MS-004-P2
SUPPORT 04-Sep-20 A 30-Dec-21 113
S
MGT-055 GIS Support 0%  04-Sep-20 A : 30-Dec-21 MS-005-Ph2-1b PH2-2a-1010
MGT-065 Staff Support 04-Sep-20A  30-Dec-21 MS-005-Ph2-1b PH2-2a-1010

Top-Down Estimate |

30-Jun-21, Plan of Finance !
30-Jun-21, Use of Facilities Term Shéeis

Facilities Use Agreements Term Sheets

Develop Master Schedule 1hrougthonslruciion

Work Plan Deliverables to Board {Info Item‘)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Task Order Cost Estimates (Consultant Bottom-Up)
Soft Call :

Workplan Deliverables (Approval)

Affordability Review

Gui ing Principles and Preliminary Terms

Participation Invoices

Draft Letter 1:33 CWC on 75% Non-Public Cost Sharej and Draft M

Successor Agreemeni & Work Plan (Info ltem) !
Successor Agreement & Work Plan (Approval)
Task Order {Info ltem) :

15-Oct-21, Project Financing Work Plan

Project Plan of Finance

17-Dec-21, Suce

Task Oder (Approval)

| Submit 75% Non-Public ¢ost Share P4
Issue Task Order
30-Dec-21,

30-Dec-21,

' Quality Con
17-Dec-21, Risk

Prepare Cost Rig
‘ 30-Dec-21,

30-Dec-21,

' GIS Suppo

Staff Suppo

17—Dec—21, Res

BB Actual Work
Remaining Work €

Critical Remaining Work
€ Milestone

Summary

Page 8 of 9
Sites Project Detailed Planning Schedule
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Reservoir Commillee/Board Malerials DUE 21-Apr-21 A | 16-Dec-21 1

RCB-20-318 | May 2021 Meeting Materials Due 21-Apr-21A  25:-May-21* 1/ RCB-20-298 RCB-20-338, RCB-20-328 May 2021 Meeting Materials Due

RCB-20-348  Prep for June 2021 Meeting 19 26-May-21 22-Jun-21* 1. RCB-20-338 RCB-20-208 Pirep for June 2021 Meeting

RCB-20-338 ! June 2021 Meeting Materials Due 19 26-May-21 22-Jun-21* 1:RCB-20-318 RCB-20-358, RCB-20-348 June 2021 Meeting Materials Due

RCB-20-368 | Prep for July 2021 Meeting 19 23-Jun-21 20-dul-21* 1. RCB-20-358 RCB-20-218 Prep for July 2021 Meeting |

RCB-20-358 | July 2021 Meeting Materials Due 19 23-Jun-21 20-dul-21* 1. RCB-20-338 RCB-20-378, RCB-20-368 July 2021 Meeting Materials Due

RCB-20-388 | Prep for August 2021 Meeting 25 21-Jul-21 24-Aug-21* 1:RCB-20-378 RCB-20-228 Prep for Augujsi 2021 Meeting

RCB-20-378 | August 2021 Meeting Materials Due 25 21-Jul-21 24-Aug-21* 1:RCB-20-358 RCB-20-398, RCB-20-388 August 2021 Meeting Materials Due

RCB-20-408  Prep for September 2021 Meeting 18 25-Aug-21 20-Sep-21* 1. RCB-20-398 RCB-20-238 Prep for September 2021 Meeting

RCB-20-398 | September 2021 Meeting Materials Due 18 25-Aug-21 20-Sep-21* 1/ RCB-20-378 RCB-20-418, RCB-20-408 "é’égi{éri{tiér’ 2021 Meeting Materials ’Dljé’i ””””””

RCB-20-428 | Prep for October 2021 Meeting 25 21-Sep-21 26-Oct-21* 1. RCB-20-418 RCB-20-248 Prep for October 2021 Meeting

RCB-20-418 | October 2021 Meeting Materials Due 25 21-Sep-21 26-Oct-21* 1 RCB-20-398 RCB-20-438, RCB-20-428 October 2021 Meeting Majterials Due

RCB-20-448 | Prep for November 2021 Meeting 17 27-Oct-21 19-Nov-21* 1. RCB-20-438 RCB-20-258 Prep for Novem:ber 2021 Me

RCB-20-438 | November 2021 Meeting Materials Due 17 27-Oct-21 19-Nov-21* 1. RCB-20-418 RCB-20-458, RCB-20-448 November 2021 Meeting Mal

RCB-20-468 | Prep for December 2021 Meeting 17 22-Nov-21 16-Dec-21* 1. RCB-20-458 RCB-20-268 Prep for Decemb

RCB-20-458 | December 2021 Meeting Materials Due 17 22-Nov-21 16-Dec-21* 1. RCB-20-438 RCB-20-468 December 2021 N

Authority Board Meetings 158 03-May-21 8 17-Dec-21, Authg

RCB-20-198 | May 2021 Authority Board Meeting 1 03-May-21 158 RCB-20-188, RCB-20-328 RCB-20-208 | May 2021 Authority Board Meeting | !

RCB-20-208 | June 2021 Authority Board Meeting (Joint with Res Comm) 1 23-Jun-21 23-Jun-21 123 RCB-20-198, RCB-20-348 RCB-20-218 | June 2021 Authority Board Meeting (Joint with Res Comm)

RCB-20-218 | July 2021 Authority Board Meeting 1 21-Jul-21 21-Jul-21 105 RCB-20-208, RCB-20-368 RCB-20-228 0 lly2021Authority Board Meeting .

RCB-20-228 | August 2021 Authority Board Meeting 1 25-Aug-21 25-Aug-21 81: RCB-20-218, RCB-20-388 RCB-20-238 | August 2021 Auihorily Board Meeting '

RCB-20-238 gepterr)]ber 2021 Authority Board Meeting (Joint with Res 1 22-Sep-21 22-Sep-21 63 RCB-20-228, RCB-20-408 RCB-20-248 | Sjepiember 2021 Authority Board Meetinjg (Joint with
omm ! !

RCB-20-248 | October 2021 Authority Board Meeting 1 0% | 27-Oct-21 27-Oct-21 40 RCB-20-238, RCB-20-428 RCB-20-258 | October 2021 Authority Bqlaard Meeting

RCB-20-258 | November 2021 Authority Board Meeting 1 0% : 22-Nov-21 22-Nov-21 24 RCB-20-248, RCB-20-448 RCB-20-268 | November 20é1 Authority Bj

RCB-20-268 8eoem)ber 2021 Authority Board Meeting (Joint with Res 1 0% 17-Dec-21 | 17-Dec-21 8 RCB-20-258, RCB-20-468 Ms-004-P2 | | December 2021
omm ‘

R Actual Work Critical Remaining Work b Summary Page 90of 9
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Attachment 3: Critical Path Schedule
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SITES PROJECT —I .

EIR-020  Prepare Admin. RDEIR/SDEIS Groups 1,2,and 3 0 13-Jan-21 A 28-May-21 32 Prepare Admln RDEIR/SDEIS Groups 1, 2 and 3
1 EIR-025 Group 1 Submittal 1 13-dJan-21 A 03-May-21 0 13p:¢ roup1 Submlttal o !
l EIR-035 Authority/Reclamation/Integration/Authority Legal Review of Admin 38 04-May-21  25-Jun-21 0 0B :uthonty/FIecIamatlon/Integratlon/Authonty Legal Rewew of Admln Rewsed Draft EIR/SD

Revised Draft EIR/SDEIS
1 EIR-030 Complete Admin Revised Draft EIR/SDEIS (with Group 3 submittal) 1 28-May-21  28-May-21 0 0 omplete Admln Rewsed Draft EIR/SDEIS (W|th Group 3 submlttaI)
~ EIR-590  Cooperating Agency Review 19 01-Jun-21  25-Jun-21 0 0 @caaﬁé’r’éﬁﬁgﬂgé&y héiiuéw”j 77777777777777777777777777777777777777777777777777777777777777777777777777777777
1 EIR-040 Incorporate comments/edits and prepare Public Revised Draft EIR/SDEI¢ 19 28-Jun-21  23-Jul-21 0 Oly Incorporate ¢0mment8/6dlts and prepare PubI|c REVISed Draft EIR/SDEIS
1 EIR-050  Reclamation Backcheck edits and Finalize Revised Draft EIR/SDEIS 7 26-Jul-21  03-Aug-21 0 0 Reclamatlon Backcheck edlts and Flnallze Rewsed Draft EIR/SDEIS
~ EIR-067 Final Editing, Formatting and Doc Production 7 26-Jul-21  03-Aug-21 0 ]p: Fmal Edltlng, Formattmg and Doc Production A
l EIR-075 Coordination with Reclamation, Reclamation internal clearance, and 15 04-Aug-21  24-Aug-21 0 0 Coordlnatlon W|th Reclamatlon Reclamatlon |nternal clearance, and publlc notlclng
public noticing :
l EIR-150 g\uthority Board - Status of Release of RDEIR/SDEIS, Public Meeting 1 25-Aug-21  25-Aug-21 0 o ;L ””””” tﬁa&ity é’aa;«a”’staiug afnéléééé’&f’ ﬁo"élﬁ/’s"oéls"iiui:iné’l’\hééti’rig ’s(:iiédiiié """"""""
chedule :

1 EIR-080 Authority Release Revised Draft EIR/SDEIS and Issue Public Notices 1 26-Aug-21  26-Aug-21 0 0 A thonty Release Re\nsed Draft EIR/SDEIS and Issue Publlc Notlces
1 EIR-090 Public Review Period 63 27-Aug-21  28-Oct-21 0 0|" ubllc Review Period | | | | | | | ‘
1 EIR-100 Approach to Response to Comments 18 29-Oct-21  24-Nov-21 0 0 . ' oach to Response to Comments |
1 EIR-095 Categorize and Sort Comments by Topic 18 29-Oct-21  24-Nov-21 0 0| §Cat gorize and Sort Comments by Top|c
 EIR-105  Authority/Reclamation/Legal Review 6 29-Nov-21  06-Dec-21 0 o =bAut roﬁiiV/RééléﬁiétiiiﬁfLéééi’ﬁé\’l’lé\i\i ””””””””””””””””””””””””””””””””””””””””””””””””””””
1 EIR-210  Preparation of Final EIR/EIS 163 07-Dec-21  01-Aug-22 0 76| — I: Preparatlon of Flnal EIR/EIS oL
1 EIR-212 Authority/Reclamation/Integration Review of Admin Draft EIR/EIS 15 02-Aug-22 22-Aug-22 0 -76 w Authorlty/FIecIamatlon/Integratlon Rewew of Admm Draft EIFI/EIS o
1 FO-1080 Provide Operations Input on Response to Comments and Final EIR/EIS 20 17-Aug-22  13-Sep-22 0 -79 . rowde Operatl¢n$ Input ¢n ReSponse to Comments and Flnal EIR/EIS
1 EIR-214 Incorporate Authority/Reclamation/Integration Comments 15 23-Aug-22 13-Sep-22 0 -76 P Incorporate Authonty/RecIamatlon/Integratlon Comments § ‘
~ EIR-220  Legal Review of Final EIR/EIS 10 14-Sep-22  27-Sep-22 0 -76| | | | e "Lé;cjé‘l‘hé\‘iuéwtaf"lfuhél’iéih}iéis “““““““““““““““““““““““““““““““““““““““““““““““
1 EIR-240 Incorporate Legal Comments (including live edit meeting) 10 28-Sep-22 12-Oct-22 0 -76 v ‘ Incorporate Legal Comments (|nclud|ng I|ve edlt meetlng)
~ EIR-250  Complete Final EIR/EIS 0 12-Oct-22 0 -76 # Complete Final EIR/EIS |

DLG-010  Design Level Geotech 130 13-Oct-22  12-Apr-23 0 78| | = . el Geotech

PD-100 Preliminary Design 195 16-Mar-23  13-Dec-23 0 78/ | | e iminary, Desngn
\ FD-110 Final Design 210 14-Dec-23  02-Oct-24 0 -78 | el FlnaIDeS|gn """""
 FD-120 Procurement - Contractor - Dams & Reservoirs 65 03-Oct-24  01-Jan-25 0 -78 ‘ Procurement Contractor Dams & Reservonrs |
\ FD-130 Procurement - Contractor - Conveyance Features 65 03-Oct-24 01-Jan-25 147 -78 Procurement Contractor Conveyance Features §
\ CC-100 Final Conveyance Construction 1008 02-Jan-25 13-Nov-28 147 -78): © | | | | | | T w=mlll ‘ aI Conveyan
~ RC-100  Dams & Reservoir Construction 1155 02-Jan-25  06-Jun-29 0
1 OPR-110  Early Operations (Commissioning) 222 07-Jun-29 12-Apr-30 0
1 MIT-030 Post Construction Monitoring Begins 5 09-Apr-30  15-Apr-30 0
1 MS-600-PB Public Beneficial Occupancy - Sites Program 0 15-Apr-30 0
1 OPR-120 Full Operations Begins 0 15-Apr-30 0

B Critical Remaining Work =28 Mar'21 Update Page 1 of 1
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Attachment 4: Engineering Detail Schedule
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1088 01 Sep-20A
10881 3589101 Sep 20A

100%  04.Sep- ; . : 03-May-21, Geotechnical Permiﬂjing & Planning
100% | 04-Sep-20 A

B 0 16-Sep-21, FEASIBILITY LEVEL GEOTECH

GSR-010 Work Plans for Design Level Geoclogic and
Geotechnical Eng Investigations

Work Plans for Design Level Gecblogic and Geotechnical Eng Investigations

25 0% 07-Sep-20A 87 85 : 23-Aug-21, Field In\/eshgatlons
79 0% 07-Sep-20A 87 -82
96 5518% 04 Jan-21A 103 ‘

Field Investigations
GSR-020

Field Data Colleciion Work Plan and Cost Estimate
16-Sep-21, Data Evaluation and Reporting

GSR-030 gata Evaluation and Prepare Geotechnical Data 96 39.62% 04-Jan-21A 16-Se|5:21 103 ! Data Evaluation and Prepare Geotechnical Data Reports
eports |
GSR-040 Data Gap Assessment and Preliminary Planning for 63 72.96% 04-Jan-21 A 30-Jul-21 103 Data Gap A;ssessment and Preliminary Plannin
Design Level Inv for Preferred Alt i
AECOM New Cost Summary Activities 5 0% 01:Sep-20A  07-May-21 ™9 07-May-21, AECOM New COS}‘ Summary Activities
ENG-234 Cons’(ruét‘iarvlj\bpendix for HR Facilities 5 0% : 01-Sep-20 A O7May21 81 -85 Construction Appendix for HR Facilities
ENG-238 Real Estate Coordination 5 0% :01-Sep-20A  07-May-21 81 -85 : “: Real Estate Coordination :
ENG-435 Work Group, Res Com, Auth Meetings 5 0% 01-Sep-20 A  07-May-21 158 -85 ; M Work Group, Res Com, Auth Meehngs
TM-H97 PMP and QMP 5 0% 01-Sep-20A  07-May-21 118 -85 ’BME;H&’ciMp?m"""""f ’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’
ENG-236 Dam Safety for HR Facilities 5 0% :01-Oct-20A  07-May-21 81 -85 M ™ [am Safety for -Hﬁ—ﬁacmtles
ENG-235 (I:Jpg[a}tions and Maintenance Appendix for HR 5 0% :01-Nov-20A  07-May-21 81 -85 Operations and Mairftenance Appendix for HR Facilities
acilities i i 1
ENG-237 Engineering to Support Mitigation for HR Facilities 5 0% :01-Nov-20 A  07-May-21 81 -85 Engineering to Supp:pri Mitigai:ion for HR Facilities
Engineering Support for Env and Permitting 292 47.85% 01-Sep-20A  01-Jul-22 289 921 w
ENG-233 Engineering Support for Project Description for 82 6.82% 01-Sep-20A v 26-Aug-21 8 -116 : Engmeermg Suppon forProleciDescrlphonfor Aternativet .
Alternative 1 E ‘
ENG-239 Engineering Support for Project Description for 82 6.82% 01-Sep-20A | 26-Aug-21 8 -116 Engineering Suppoﬂ for Project Description for Alternative 2
Alternative 2 ) 1
ENG-230 Provide Engineering Support to Environmental and 166 47.47%  30-Sep-20A | 30-Dec-21 0 Pro
Permitting Team

03-May-21, TRR and Funks Res Const Quantities

ENG-510

TRR and Funks Reservoir Construction Quantities for % : 02-Nov-20 A

EIR/EIS

03-May-21 TRR and Funks Reseryoir Consfruciion Quantities for EIR/EIS

ENG-560 Funks Pipeline & PGP, TRR Pipeline & PGP, TCCA &

GCID Facilities, Dunnigan Pipeline Eng

ENG-580 Evaluation of Hydro-power Energy Recovery Facilitie 63, 66.67%  01-Sep-20A | 30-Jul-21 103 4

ENG-570 Funks Pipeline & PGP, TRR Pipeline & PGP, TCCA & 0 100% 09-Oct-20A | 03-May-21 165 -83

GCID Facilites, Dunnigan Pipeline — Construction
PIPRP . S ETIONETIED

ENG-550 OH Transmission Lines & Substations - Constr 292 0% 02-Nov-20 A 01-Jul-22 289 -375
Quantities for EIR/EIS Summary

Dunnigan Pipeline CVFPB & USACE 408 Permit Sug

77.27% 01-Sep-20A  28-May-21

44444 . : - Dunmgan Pipeline CVFPB & USA

ENG-590

0% 04-Jan-21 A 30-Dec-21

. 07-Sep-21,/CH2-hc New Cost Summary Activities

ENG-266 Develop Class 4 Cost Estimate for Mitigation 08-Sep-20A | 07-Sep-21 : Develop Cléss 4 Cost Estimate for Mitigation Measures| associateqi with HC Facilities

Measures associated with HC Facilities ; ! |
ENG-592 | TRR West Analysis 89 0% 02-Nov-20A | 02-Sep-21 34 -189 : TRR West Analysis
ENG-467 | CBD Hydraulic Impacts Evaluation 89 0% 23-Nov-20 A | 02-Sep-21 34 -169 : CBD Hydrauli¢ Impacts Evaluation
ENG-468  GCID Canal HEC-RAS Modeling 89 0% 23-Nov-20A  02-Sep-21 30T GO e, | GC1D Canal HEC-RAS Modeling ™~~~ T T
ENG-591 Interconnection, Energy Transaction Cost, and 89 0% 31-Dec-20A | 02-Sep-21 34 -169 Interoonnectlop, Energy Transaction Cost, and Development SUPPO”ESGYWCGS

Development Support Services ; i :

Convert Drawings to GIS Format 0 100% 12-Sep-20A  03-May-21 0 -115 [¥ |03-May-21, Convert Drawings 1d: GIS Format

Remaining Level of Effort Critical Remaining Work Page 1of2
s A\ctual Level of Effort & & Mar'21 Milestones
Ye===mgf Mar'21 Update L 2 @ Milestone Sites PrOJeCt AUthonty
B Actual Work e Summary

[ Remaining Work
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ENG-220

ENG-466
DSOD Engagement
ENG-400

Convert Drawings to GIS Geodatabase File Format to
Support Environmental & Permitting

Develop DSOD Engagement Plan

100%

12-Sep-20A

83.87%

01-

83.87% . 01-

0% 01-

0% 01-Sep-20 A

Risk Workshop
ENG-290

Develop Class
Measures

ENG-440 DSOD Engagement 1058 0% 01-Sep-20 A

0% 01-Oct-20A

0% : 01-Oct-20 A

0 100%  01-Sep-20A

0 100% | 01-Sep-20A

37 32.73% 08-Sep-20A

4 Cost Estimate including Mitigation 37 3273% OS-Sep—zoA-

39 0% 01-Oct-20A

32

Project Benefits 39 0% 01-Oct-20 A

32

=

100%  01-Oct-20A

32

ENG-320 Cost Allocation

o

100% 01-Oct-20 A

32

Economic Feasibility

39 0% 01-Oct-20A

32

ENG-350 Prepare Economic Feasibility 39 0% 01-Oct-20 A

32

Financial Feasibility 39 0% 01-Oct20A 25 Jun-21 32
ENG-360 Prepare Financial Feasibility 39 0% 01-Oct-20A | 25-Jun-21 32
Confirm Env Feasibility with Mitigation 39 0% 10-Oct-20A 25 Jun-21 32 49
ENG-340 Obtain the Finding of Env Feasibility with Mitigation 39 0% : 10-Oct-20A | 25-Jun-21 32 -49
Program Design/Construction/Permit Implementation Schedule 145 0% 01-Oct-20A  30-Nov-21 32 5
ENG-410 Develop Program Design/Construction/Permit 145 0% : 01-Oct-20 A : 30-Nov-21 32
Implementation Plan
Geotechnical Permit Planning & Invest Plan 113 57.18% 01-Sep-20A  12-Oct-21 64
ENG-404 Coordinate Geotechnical Investigation Plan 39, 62.14% 01-Sep-20A , 25-Jun-21 64
ENG-406 Coordinate to Develop Geotechnical Permitting Plan 92 0% : 02-Jun-21 12-Oct-21 64

Feasibility Report

48.38% 01-Sep20A  02-Sep-21

32

ENG-380 Prepare Draft

Feasibility Report 41 70.29% : 01-Sep-20 A 28-Jun-21

ENG-390

CWC Feasibility Review

Prepare Final Feasibility Report

09-Jul-21 02-Sep-21

7-Dec-21

CWC-403

CWC Feasibility Review

16-Dec-21

CWC-490

CWC Review Final Environmental Feasibility Report

22-Nov-21 17-Dec-21

27-Aug-21  07-Oct-21

27-Aug-21 07-Oct-21

CWC Determination of Feasibility 17-Dec-21

17-Dec-21

CWC-500

Procurement Designers/Design Builders/Design Assist 17-Dec-21

CWC Determination of Feasibilit

17-Dec-21

:24-Jun-22

*

PDC-1000 Procurement -

Designers, Design Builders & Design 135 0% 17-Dec-21 v24—Jun-22 78
Assists (CMAR)

L
S BB S BSBSBSBSS 5% S5 BS S SSSS
L ]

iConvert Drawings to G|S Geodatabase File Format to Support Environmental & Permmmg

28-Mayq21, Prehmmary Hydraulics Modeling

bevelop DSOD Engagement Plan

, Class IV Cost Estimate

25 Jun-41, Confirm Project Benefits

F?rOject Henefits

25-Jun-31, Economic Feasibility

F:’repare Economic Feasibility
25-Jun-41, Financial Feasibility

ﬁrepare Financial Feasibility

lass 4 Cost Estimate including Mitigation Measures

25—Jun—21, Confirm Env Feasibility with Mitigation

Obtain tHe Finding of Env Feasibility with Mitigation | ,

30- Nbv 21, Program Design/Construction/Permit Ir]

29-Oct-21, Risk Wol kshbp

Risk and Uncertainty

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ Codrdinate 6 Develop Geotechnidal Pel rmlﬂlng Plan

........................... 4 CWC Review Final Environmental Feasil

ﬁ 07-Oct-21, CWC Review of Public Draft /EIS:

‘‘‘‘‘‘‘‘‘‘‘‘‘‘ SRS )eve;lop F’rogram Design/Construction/Permit Imp

12-Oct-21, Geotechnical Perm'il Pl?nmng & InVest Plan
]
i

17-Dec-21, PROP 1
17-Dec-21, CWC Feasibility Review

BWC Feasibility Review

\ 4 7-Deic-21, CWC Determination of Feas|

W C Determination of Feasibility

Remaining Level of Effort
s A\ctual Level of Effort
W====8f Mar'21 Update

R Actual Work

[ Remaining Work

8 Critical Remaining Work
L+ & Mar'21 Milestones

$ € Milestone

e Summary

Page 2 of 2
Sites PrOJect Authonty
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Attachment 5: Environmental Detail Schedule
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£4.09% 25 Sep 50 A
64.09% | 22-Sep-20 A

V¥ 26-Aug-21, MILESTONES

MS-011-DE Release Revised Draft EIR/ Supplemental Draft EIS for

"3 Release Revised Draft EIR/ Supplemental Draft EIS for Public Review
Public Review

Project Description Chapter 100% 22-Sep-20A 03-May-21, Project Description Chapter
EIR-021 Prepar"e;ﬁé;igég Draft EIR/SDEIS Project Description 0 100% 22—Sep»20A 19 -41 8 _Prepare Revised Draft EIR/SDE|S Project Description Chapter
Chapter ‘: 1 |
Revised Draft EIR/Supplemental Draft EIS 82 0% 13-Jan-21 A : 26-Aug-21, Revised Draft EIR/Supplemental Draft EIS

35-Jun-21, Prepare Administratjve Revised Draft EIR/SLJppIememal Draft EIS

EIR-020 Prepare Admin. RDEIR/SDEIS Groups 1, 2, and 3 71.83% 13-Jan-21 A 28-May-21 0 Prepare Admin. RDEIR/SDEIS Groups 1, 27 and 3
EIR-025 Group 1 Submittal 1 96.88% : 13-Jan-21 A 03-May-21 0 138 5 1 Submittal ‘
EIR-027 Group 2 Submittal 16 50% : 13-Jan-21 A | 24-May-21 4 -28 _Grbup_2_ Submittal !
EIR-035 Authority/Reclamation/Integration/Authority Legal 38 0% : 04-May-21 25-Jun-21 0 0 . Aumqtjly/Beclamation/Integratic n/Authority Legal Review of Admin Revised Draft EIR/SDEIS

Review of Admin Revised Draft EIR/SDEIS : '
EIR-125 éLrJ]’(hc;rity Board - Part 2 Admin RDEIR/SDEIS Group 1 1 0% : 26-May-21 26-May-21 0 0 W Althority Bq:na - Fz’ari 2Ao|r‘:nin RDEIR/SDEIS Grpup 1 Chapters

apters ' ! E

EIR-030 Complete Admin Revised Draft EIR/SDEIS (with Group 1 0% | 28-May-21 28-May-21 0 0 > | dénin Ijqevised [i)raﬂ EIR/SDEIS (with{Group 3 submittal)

3 submittal) : E ‘ ,
EIR-590 Cooperating Agency Review 19 0% : 01-Jun-21 25-Jun-21 0 Cooperatl:ngAgency Revnew 777777777777777777777777777777777777777777777777777 o
EIR-135 Authority Board - Part 3 Admin RDEIR/SDEIS 1 0% i 23-Jun-21 23-Jun-21 1 0 _Aqumyﬂégard - Part 3 Admin RDEIR/SDEIS Remaininé Chapters

! | :

Remaining Chapters

‘m 26-Aug-21, Prepaﬁe Public Revised Draft EIR/Supplemental Draft EIS

Incorporate conments/edits and prepére Public Revised Draft EIR/SDEIS

EIR-040 28-Jun-21 23-Jul-21

Incorporate comments/edits and prepare Public
Revised Draft EIR/SDEIS

EIR-045 Live Edit Meetings 6 0% i 29-Jun-21 07-Jul-21 2 0 =xp_Live _Edlit Meetings
EIR-060 Authority Board - Review and Delegate Authority to 1 0% 21-Jul-21 21-Jul-21 2 0 Auihorit);'l Board | Review and Delegate Authority to Release the RDEIR/SDEIS in August
Release the RDEIR/SDEIS in August | ; |
EIR-050  Reclamation Backcheck edits and Finalize Revised 7 0%  26-Jul-21 03-Aug-21 0 0 - e : tion Backcheck edits and Finalize Revised Draft EIR/SDEIS
Draft EIR/SDEIS ; !
EIR-067 Final Editing, Formatting and Doc Production 7 0% : 26-Jul-21 03-Aug-21 e i ing, Formatting and Dq:c; Production '
EIR-075 Coordination with Reclamation, Reclamation internal 15 0% | 04-Aug-21 24-Aug-21 0 0 : P g, Coordination with Héclamation, Reclamation internal clearance, and public: noticing
clearance, and public noticing ! !
EIR-150 Authority Board - Status of Release of RDEIR/SDEIS, 1 0% | 25-Aug-21 25-Aug-21 0 0 i s RDEIR/SDEIS, Public Meeting Schedule

Public Meeting Schedule 1 |

EIR-080 Authority Release Revised Draft EIR/SDEIS and Issue 1 0% : 26-Aug-21 26-Aug-21 0 0 : Authority Release Revised Draft EIR/SDEIS and Issue Public Notices
Public Notices | |

Public Review

Wi 8.00‘[.21, Public Review

27-Aug-21  28-Oct-21

EIR-090  Public Review Period ” 63 0% 27-Aug-21  28-Oct-21 o e : ublic Review Period :
EiR-530 " Public Meetings 4 0% 27-8ep-21 30-Sep-21 0 | Public Mesthgs
Begin Preparation of the Admin Final EIR/EIS 33 0% 29-Oct-21  17-Dec-21 154 0 ‘ N —— 17-Dec-21, Begin Preparation of the Adr]
EIR-100 | Approach to Response to Comments 18 0% 20-Oct-21  24-Nov-21 0 off . = \poahioResponse o Comments
EIR-095 Categorize and Sort Comments by Topic 18 0% | 29-Oct-21 24-Nov-21 0 0 : ‘ Categorize and Sori Comments by Topic
EIR-105 Authority/Reclamation/Legal Review 6 0% : 29-Nov-21 06-Dec-21 0 0 ulhor'ny/ReéI:lamation/LegaI Review
EIR-140 Authority Board - Summary of Comments received in 1 0% : 17-Dec-21 17-Dec-21 213 0 ' _Authol:’.ityﬁoatd_-_Smunary_otﬁomment
the RDEIR/SDEIS and Approach to Responses | | E
Environmental Feasibility Report For CWC 39 0% 27-Sep-21 22-Nov-21 8 0 ! m_ _2_2__ EIP_V_»_2JEI, Environmental Feasibility Report For CWC
EIR-110 Prepare Draft Environmental Feasibility Report for CV 14 0% 27-Sep-21  15-0ct21 3 o[ e e il Prepare Draft Environmenial Feasbiity Report for CWG
EIR-540 guthoritfy reg{c/e\{m& of Draft Environmental Feasibility 8 0% : 18-Oct-21 27-Oct-21 ‘ S Authority review of Draft Environmeridal Feasibility Report for CWC
eport for !
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EIR-560 Legal Review of Draft Environmental Feasbility Report 28-Oct-21 03-Nov-21 4 Legal Review ¢f Draft Environmental Feasbility Report for CWC
for CWC :
EIR-117 Live Edit Meeting of Draft Environmental Feasibility 1 0% : 04-Nov-21 04-Nov-21 3 0 ive Edit Meeting of Draft Envirc:mmemal Feasibility Report for CW
Report for CWC ! !
EIR-580 Resolve Legal Comments and prepare Final Feasibility 7 0% | 05-Nov-21 16-Nov-21 3 0 -y Resolvé Legal Comments and prepare Final Feasibility Ref
Report for CWC ‘ ‘ :
EIR-570 Board Briefing of Draft Environmental Feasibility Report 1 0% 22-Nov-21  22-Nov-21 0 off 3 Board Briefing of Draft Environmental Feasibilty Repord
for CWC ; ‘ :
EIR-120 Final Environmental Feasibility Report Submittal to CW 0 0% 0 & Final Environmental li:easibility Report Submittal to CW
Final EIRFinalEls =~ 163 0% 07.Dec-21 -78
EIR-210 Preparation of Final EIR/EIS 163 0% 07-Dec-21 .76
Remaining Level of Effort € € Milestone Page 2of 2
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4501% 101 Sep 20 A
45.01% | 01 Sep-20 A

03-May-21, Full Operations Anal‘ysis
03-May-21, Cost Summary ‘

ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

OP-$-460 Climate Change Appendix 23-Nov-20A  03-May-21 _Climate Change ARRENdIX . e R
OP-$-455 Cumulative Appendix 0 100% 23-Nov-20 A | 03-May-21 4 Cumulative Appendix ‘
VVVVVVVVVVVVV 42 51.04% 01-Nov-20A 7 30-Jun-21 s BA/ITP Documentation

OP-450 BA/ITP and Water Rights Modeling Support 18 70.97% 01-Nov-20A
OP-360 Appendices for BA/ITP 42 0% : 03-May-21

Operations Plan, Ver 1 1431 17.69% 01:-Nov-20A
OP-470  Operations Plar

BA/ITP and WaieriRighis Modeling Support
Appendices for BA/ITP

5’,.4-Nov—21 , Operations Plan, Ver 1

<<<<<<<<<<<< bperaﬁons Plan, Vefsion 1

Operations Plan, Version 1 143 17% 01-Nov-20A  24-Nov-21 68
OP-475 Support Development of Ops Plan Ver 1 Documentati 140. 23.91% 01-Mar-21 A  19-Nov-21 2161

_Support Development.of Ops Plan Ver. 1_Dacumentation.

Operational Agreements 410 0% 23-Sep-20A 1891
OP-480 ($3%) : Support dﬁéféﬁonal Agreements 410 0% : 23-Sep-20 A 22-Dec-22 1668
OP-490 Support for Operational Agreements Documentation 410 0% 19-Nov-20A  22-Dec-22 1891 O 7777777777777777777777777777777777777777777
Bridging Analysis for CWC/WSIP Benefits 21 5548% 01-Sep-20A  01-Jun-21 68 18 01-Jun-21, Bridging Analysis for CWC/WSIP Benefits
CFS-010 CWC/WSIP Operations Modeling 10 84.62% 01-Sep-20A : 14-May-21 68 -20 CWC/WSIP Operations ModeI;ng
CFS-020 CWC/WSIP Fisheries Modeling (life cycle) 21 0% ; 03-May-21 01-Jun-21 68 -28 CWC/WSIP Fisheries Modeling (life cycle)
CFS-030 CWC/WSIP Documentation and Appendices 1A 0% : 03-May-21 17-May-21 68 -8 L CWC/WSIP Documemajﬁon and Appendices

Final Sites-Reclamation Operating Agreement 0% 02-Nov-20A 29 Jun22

OP-1110 Sites-Reclamation Operating Agreement Term Sheet 02-Nov-20A  11-Jun-21
OP-1005 Final Sites-Reclamation Operating Agreement 261 0% | 14-Jun-21 29-Jun-22
Final Sites-DWR Operating Agreement 02-Nov:20A 30 Jun 22

(o d Ag .
Final Sites-DWR Operating Agreement 261 0% : 15-Jun-21

OP-1015 30-Jun-22
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5281 23189101 Sen D0 A
8P81 23189101 Sep D0 A
12-Oct-21, PERMITTING

01-Sep-20A - ; 12-Oct-21, Geotechnical Field Monitoring

01-Sep-20 A Geotechnical Field Monitoring
01-Sep-20A
FED-020 U.S. Army Corps of Engineers CWA 404, Rivers and 04-Feb-21A 11 -Maj}:23
Harbors Act Section 10
22-§Dec—21, Clean Water Act Section
404-015 Aquatic Resources Mapping and Reporting 01-Sep-20A | 03-May-21 g Aquatlc Resources Mapping and Reporting '
404-010 Deskiop Wetland Delineation Analysis (includes 40 50% ;01-Sep-20A | 28-Jun-21 410 105 - - Desktop Weiland Dehneahon AnalySIS (lncludes W
Waters of the State)
404-050 Prepare Draft 404 Application 121 10% 04-Feb-21 A  22-Oct-21 1046 Prepare Draft 404 Applio:ation
404-035 Prepare Compensatory Mitigation Plan 121 5% 04-Feb-21 A 22-Oct-21 1046 Prepare Compensatory i\/litigation Plan
404-001 Prepare LEDPA analysis 20 0% 05-Feb-21 A  28-May-21 410 ;
404-020 Submit Delineation to USACE 0 0% 29-Jun-21 1062 |
404-030 Preliminary Wetland Delineation Acceptance 90 0% : 30-Jun-21 28-Sep-21 1534 JP;pJmea[ Wetland Delineation Acceptance
404-060 Authority/Integration/Work Group Review of Draft 404 20 0% : 25-Oct-21 22-Nov-21 1046 Auihonty/lmegrailon/Work Group Review of Draft 404 4
Application
404-070 Prepare Final 404 Application 20 0% : 23-Nov-21 22-Dec-21 1046 0 ! ! Prepare Final 404 Application
404-120 Submit 404 Application 0 0% 22-Dec-21 1046 0 X Suliamit 404 Application
U.S. Army Corps of Engineers Rivers and Harbors Act Section 529 0% 04-Feb-21 A  11-May-23 429
FED-030 U.S. Army Corps of Engineers Rivers and Harbors Act 529 0% 04-Feb-21 A v 11-May-23 429
Section 14, Section 408
U.S. EPA and U.S. Army Corps of Engineers LEDPAReview 461 0% 02-Nov-20A 06-Feb-23 497
FED-040 U.S. EPAand U.S. Army Corps of Engineers LEDPA 461 0% : 02-Nov-20 A v 06-Feb-23 497 e e oS
Review |
Advisory Council on Historic Preservation NHPA Section 106 180 0% 01-Sep-20A  04-Feb-22 969 44 ‘ ‘ ; 04-Feb-2z,
FED-050 | Advisory Coundil on Historic Preservation NHPA 147 0% 01-Sep-20A 02 Dec-21 19 I EHH e '
Section 106
106-022  Reclamation Review 35 0% 22-Mar-21A" 21-Jun-21 966 0 WW—W""""""’h’e’élg}ﬁgi{o}{ Review L
106-024 Revisions 9 0% | 22-Jun-21 02-Jul-21 966 0 Revnsnons
106-025 Reclamation Distributes to SHPO and Invited 5 0% | 06-Jul-21 12-Jul-21 981 0 oy -Beclam,aﬂon Distributes to SHPO and Invned IConsulting Parties
Consulting Parties !
106-032 Arrange Meeting Logistics and Prepare Materials 20 0% ; 06-Jul-21 02-Aug-21 966 0 3 Ar_rar]ge Me'etmg Logistics and P;'epare Materials
106-026 Parties Accept Invitation for Consulting Party Status 30 0% | 13-Jul-21 11-Aug-21 1432 0 —~ . Pattied Aqqeptjnvnahon for Consulting Party Status
106-033 Conduct Meetings 10 0% 03-Aug-21  16-Aug-21 966 0 g Corjdluct Meéhngs |
106-041 Prepare Draft PA 10 0% . 17-Aug-21 30-Aug-21 966 0 ey Prepare Draft PA
106-042 Reclamation Review 10 0% 31-Aug-21  14-Sep-21 966 0 ey Reclamiation Review
106-044 Revisions 15 0% 15-Sep-21 | 05-Oct-21 978 0 - Revigions
106-052 Circulate Draft PAto SHPO and Consulting Parties 5 0% : 15-Sep-21 21-Sep-21 966 0 B Clrculate Drah‘t PAto SHPO and Consulting Parties
106-053  Deadiine for Comments on Draft PA 30 0% 22-Sep-21  21-Oct-21 1398 off T e Deadiine for Commentson Draft PA ©
106-061 Prepare Draft Final PA 25 0% : 21-Oct-21 30-Nov-21 967 0 B Prepare Draft Final PA
106-062 Reclamation Review 10 0% | 30-Nov-21 14-Dec-21 967 0 b Reclamation Review
106-064 Revisions 10 0% 14-Dec-21 | 29-Dec-21 967 0 ey Revisions
106-071 Consult with SHPO and Consulting Parties on Draft 25 0% | 29-Dec-21 04-Feb-22 969 0 : Consult with
Final PA ! !
106-072 Circulate Draft Final PAto SHPO and Consulting Par 5 0%  29-Dec-21 06-Jan-22 967 0 C|rcu|aleDraft Fmal PAtoSI-
USFWS and NMFS ESA Section 7 230 0% 01-Sep-20A  05-Apr-22 977 0]
Remaining Level of Effort € € Milestone Page 10f3
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FED-060

USFWS and NMFS ESA Section 7

Mitigation Planning

01-Sep-20A

01-Sep-20A

20-Jul-21

969 -84

BA-1110

BO Incidental Take Authorization

21-Nov-21

05-Apr-22

BA-016 Adaptive Management Plan 118 0% 01-Sep-20A  19-Oct-21 ;
BA-025 Prepare Operations Analysis 30 0% : 24-Feb-21 A 14-Jun-21 971 _ PJr_Qplaré Operations Analysis
BA-024 Prepare Construction Analysis 21 0% : 25-Mar-21 A 1 01-Jun-21 980 . Prépare Co Istlz”uction Analysis
BA-029 Authority Review and Comment Construction and 12 0% ; 15-Jun-21 30-Jun-21 971 0 ‘
Operations Analysis
BA-030 Finalize Admin Draft BA 21 0% ; 01-Jul-21 30-Jul-21 971 0
BA-032 Submit Final Admin Draft BA 0 0% 30-Jul-21 971 off
BA-035 Independent Review Draft BA 31 0% : 03-Aug-21 02-Sep-21 1404 0
BA-055 Reclamation, Legal, and Work Group Review 74 0% : 03-Aug-21 15-Oct-21 1404 0
BA-057 Revise Admin Draft BA 31 0%  03-Sep-21 19-Oct-21 969 0
BA-060 Submit Revised Admin Draft BA to Reclamation 0 0% 19-Oct-21 969 0
BA-075 Final Reclamation and Solicitor Office Review 33 0% : 20-Oct-21 21-Nov-21 1400 0
BA-100 Reclamation Submit BAto USFWS & NMFS 0 0% 21-Nov-21 1400 0

528

0%

01-Sep-20A  13-Jun-23

395

FED-075

USFWS Bald Eagle Protection Act (includes
Pre-Application Surveys)

528

0%

01-Sep-20A  13-Jun-23

395

USBR Warren Act

356

0%

01-Jun-21

01-Nov-22

1132

FED-090

USBR Warren Act

356

0%

01-Jun-21

01-Nov-22

1132

USBR - Land Agreement

363

0%

02-Nov-20A 13-Oct-22

290

FED-100

Central Valley Flood Protection Board Levee Encroachment

USBR Land Agreements

02-Nov-20 A

01-Sep-20A

13-Oct-22

1-May-23

STA-030

Central Valley Flood Protection Board Levee
Encroachment

SWRCB Water Rights Permit

WR-005

Water Availability Analysis & Planning/Coordination
with SWRCB

01-Sep-20A  11-May-23

417

01-Sep 20A 16 Feb22

779

01-Sep-20A | 01-Oct-21

776

Approval

WR-025 Prepare Water Right Application 101 12% : 01-Feb-21 A 23-Sep-21 776 1O
WR-035 QA/QC and Legal Review of Draft Water Right 1 0% : 24-Sep-21 08-Oct-21 776
Application
WR-045 Revise Draft Water Right Application 19 0% : 12-Oct-21 05-Nov-21 776 0
WR-055 Work Group Review of Draft Water Right Application 4 0% : 08-Nov-21 12-Nov-21 776 0
WR-065 Resolve Work Group Comments 8 0% : 15-Nov-21 24-Nov-21 776 0
WR-075 Authority Approval of Water Right Application, Submit 15 0% | 29-Nov-21 17-Dec-21 776 0
to SWRCB
WR-085 Submit Water Right Application 0 0% 17-Dec-21 776
WR-095 SWRCB Review of Water Right Application 60 0% | 18-Dec-21 16-Feb-22 1126 0
SWB CWA Section 401 Water Quality Certification 161 0%  15-Jan-21 A 22-Dec-21 1046 ]

401-130

Prepare Draft 401 Application - Conditional Approval

93

0% 01-Mar-21 A | 13-Sep-21

1051

401-140

Authority/Integration/Work Group Review of Draft 401
- Conditional Approval

20

0%

14-Sep-21

12-Oct-21

1051 0

401-150

Prepare Final 401 Application - Conditional Approval

43

0%

13-Oct-21

g 15-Dec-21

1051 0

-| _Mitigation Planning. .,

4444444444444444444444444444444 : Authority Review and Comment Construction and Oberations Analysis

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

21-Nov-21, Biological/Assessment

Finalize Admin DratBA | | 0
Submit Final Admin Draft BA
Independent F:{eview Draft BA '
clamation, Legal, and Work Group Flevie:w
Revise Admin Draft BA ;

Submit Revised Admin Draft BA to Fleclaﬁwaﬁon

inal Reclamation ané[ Solicitor Office Review
eclamation Submit E}Ato USFWS & NMFS

Prepare Water Right Application .
QA/QC and Legal Review of Draft Water Right Application

Revise Draft Water Right Appli%:ation

Work Group Review of Draft Water Right Application
Resolve Work Group Comments

Authoi'ity Approval of Water Right Applici

Submfrt Water Right Application

e SWH
22:Dec-21, SWB CWA Section 401

22ﬂEDeC-21 , SWB CWA Section 401

obrdinate with RWQCB and SWRC

Preparej Draft 401 Application - Conditional Approval ;
Authority/Integration/Work Group Review of Draft 401 - Conditional Approval

oy Prerd:a Final 401 Application - Condlitiond
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401-1860 Submit 401 Application - Conditional Approval

GCDFW Incidental Tak

292

STA-110 CDFW Section 2081

CES-210 Prepare Draft ITP Application - Operations

01-Sep-20A  01-Jul-22

30-Sep-20A | 16-Aug-21

CES-020 Delineation Depot and Focused Species Survey -

Construction

CES-190 Prepare Operations Analysis - Operations 74 5% 30-Sep-20 A 16-Aug-21 1115 -89
CES-200 Additional Mitigation Planning - Operations 18 0% i 17-Aug-21 10-Sep-21 1115 0
CES-220 Legal Review of Draft ITP App - Operations 16 0%  17-Aug-21 01-Sep-21 1511 0
CES-230 Work Group Review of Draft [TP App - Operations 16 0%  17-Aug-21 01-Sep-21 1511 0
CES-240 Revise Draft ITP Application - Operations 21 0% : 02-Sep-21 01-Oct-21 1046 0
CES-250 Authority Board Approval of ITP App - Operations 39 0% : 04-Oct-21 01-Dec-21 1046 0
CES-260 Prepare TP Application to CDFW - Operations 15 0% : 02-Dec-21 22-Dec-21 1046 0
CES-270 Submit ITP Application to CDFW - Operations 0 0% 22-Dec-21 1046 0

01-Sep-20A  09-Sep-21

CES-030

Prepare Draft ITP Application - Construction

16-Aug-21

30-Sep-20A

CES-010 Initial Desktop Analysis - Construction 74 20% : 30-Sep-20 A 16-Aug-21 145 -148
CES-040 Legal Review of Draft ITP App - Construction 16 0%  17-Aug-21 01-Sep-21 177 0
CES-060 Work Group Review of Draft ITP App - Construction 16 0%  17-Aug-21 01-Sep-21 177 0
CES-070 Revise Draft ITP Application - Construction 20 0%  02-Sep-21 01-Oct-21 118 0
CES-025 Mitigation Planning - Construction 27 0% : 10-Sep-21 19-Oct-21 145 0
CES-080 Authority Board Approval of ITP App - Construction 39 0% : 01-Oct-21 01-Dec-21 118 0
CES-090 Prepare TP Application to CDFW - Construction 15 0%  01-Dec-21 22-Dec-21 118 0
CES-280 Submit ITP Application to CDFW - Construction 0 0% 22-Dec-21 119 0
NAHC/Local Tribes AB 52 Consultation 233 0% 01-Sep-20A  08-Apr-22 129 82
STA-120 NAHC/Local Tribes AB 52 Consultation 233 0% 01-Sep-20 A v 08-Apr-22 129
SMARA 86 0% 07-Dec-21  12-Apr-22 169
STA-140 SMARA 07-Dec-21 | 12-Apr-22

Early Mitigation

EM-00-10

CWC Feasibility Report

CWC-010 Mitigation Measure Evaluation/Cost Estimate

Summary Report for Early Mitigation/Geotech Mitigat

09-Dec-20A E 30-Dec-21

105-Oct-20 A

09-Dec-20A  30-Dec-21

5-Oct-20 A 0-Dec-21

28-Dec-21

TM-F107 CWC Feasibility Report Permitting Support

13-Oct-20A 30-Dec-21

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Bubmit 401 Application - Conditional

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

: = Additional Mitigation_Planning -.Operations. .. .___.________
g Legal Review af Draft ITP App - Operations

Work Group Review of Draft ITP App - Operations

repare ITP Application to CDFW - (

ubmit ITP Application to CDFW - O
2-Dec-21, ITP - CESA(Se 2081) Cd

- i c rd;Approval of ITP App - Operations

o]

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

op Analysis - Construction
egal Review d:f Draft ITP App - Construction
ork Group Review of Draft ITP App - Construction

Revise Dralft ITP Application - Construction

- Mitigation_Plaoning -, Construction

30-Dec-21, MITIGATION
y 30-Dec-21, Early Mitigation
Summary Report for Early Mitiga)
F 30-Dec-21, PROP1
: 30-Dec-21, CWC Feasibility Rep
fMitigation Measure Evaluation/Coy

CWC Feasibility Report Permittir]
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Attachment 8: Right of Entry Detail Schedule
(No Activities Occurring in Amendment 2)
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Project Description Team
Meeting - Agenda

Affordable Water, Sustainably Managed

Our Core Values — Safety, Trust and Integrity, Respect for Local Communities, Environmental Stewardship, Shared Responsibility
and Shared Benefits, Accountability and Transparency, Proactive Innovation, Diversity and Inclusivity
Our Commitment — To live up to these values in everything we do

Date: June 16, 2021 Location: Microsoft Teams
Start Time: 1:00 p.m. Finish Time: 2:30 p.m.
Purpose: Coordination on Project Description Development
ting Participants:
Jeriann Alexander, Fugro Mike Hendrick, ICF John Spranza, Sites Integration
Jelica Arsenijevic, Sites Integration Jeff Herrin, AECOM Ellen Unsworth, ICF
Ellen Berryman, ICF Erin Heydinger, HDR Laurie Warner Herson, Sites
Robert Boling, HDR Jim Lecky, ICF Integration
Monique Briard, ICF Henry Luu, HDR Nicole Williams, ICF
Jerry Brown, Sites Authority Conner McDonald, CMD West
Linda Fisher, Sites Integration Steve Micko, CHZM
Michael Forrest, AECOM Pete Rude, CHZM
Ali Forsythe, Sites Authority Kevin Spesert, Sites Authority

Discussion Topic Topic Leader Time Allotted
1. Introductions and Safety Moment Mike F. 10 mins
2. Feasibility Cost Estimate John/Henry 10 mins
a. Mitigation
3. RDEIR/SDEIS Status Laurie/Henry 35 mins

a. System impact study
b. Butte Sand and Gravel traffic impact

4. Geotech update Henry/Jelica 10 mins
5. Open Topics from the Group Group 20 mins
6. Action Items and Next Meeting Team 5 mins

MEETING AGENDA | 20210616_Project Description Team_Meeting-
Agenda.Docx lof1l
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From: Spranza, John [John.Spranza@hdrinc.com]

Sent: 6/16/2021 8:36:22 AM

To: jeff.herrin@aecom.com

CcC: Luu, Henry [Henry.Luu@hdrinc.com]; Laurie Warner Herson [laurie.warner.herson@phenixenv.com]; Alicia Forsythe
[aforsythe @sitesproject.org]

Subject: Mitigation memo for use in FS

Attachments: 20210610_Updated Mitigation cost Estimate for 2021.docx

Hi Jeff,

Please see the attached draft memo that identifies the mitigation costing process that was implemented to reach the
June 2021 revised mitigation planning cost. Please note that this cost is in 2019 dollars and | believe the escalation to
2021 dollars in approximately $579M.

Let me know if you have any questions or need additional information for use in the feasibility study.

John

X
D 016.670.8858 M B18.840.2487
john.spranza@hdrinc.com

hdrinc.ocomffoliow-us
hdrine.comfoliow-us
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Topic: Updated Mitigation Cost Estimate 2021 2021 June 10

Subject: Update of 2006 AECOM mitigation cost estimate

Background and Purpose

In October 2016, AECOM, on behalf of the Sites Project Authority (Authority), prepared
a technical memorandum {(TM) that presented the results of a mitigation measure
evaluation and cost estimate that was developed as a planning-level tool for assessing
costs associated with implementing select mitigation measures for the Sites Reservoir
(Sites Reservoir Feasibility Study Technical Memorandum - Mitigation Measure
Evaluation and Cost Estimate 2016). The 2016 evaluation and cost estimate of $500
million dollars (M) were based on the mitigation measures and the project description
for the North-of-the-Delta-Offstream Storage Preliminary Administrative Draft EIR
(DWR 2013). The mitigation measures evaluated were for impacts associated with Sites
Reservoir Alternative C.

In October 2019, the Authority pursued a value planning process to determine if
further refinements to the Project were warranted. Between October 2019 and April
2020, the Authority considered previous input from state and federal agencies, non-
governmental organizations, elected officials, landowners, and local communities, and
decided to “right size” the Project to better meet the needs of Sites Storage Partnersl,
the statewide water supply and the environment. Multiple alternatives were
considered during the value planning process that took into consideration the public
and agency comments received on the 2017 Draft EIR/EIS (Sites Project Authority
2020).

The value planning process culminated in a Sites Project Value Planning Alternatives
Appraisal Report (Value Planning Report) that was adopted by the Authority in April
2020 which included an updated mitigation cost estimate of $540M. In September 2020
the Authority approved to designate Alternative 1, which is based on Value Planning
Alternative 7 (VP-7) as the Authority’s preferred project alternative.

This memorandum {memo) summarizes the results of ICF International (ICF), HDR
Engineering (HDR) and the Sites Project Authority’s Environmental Planning and
Permitting Manager’s (EPP) update of AECOM’s 2016 mitigation cost estimate using
the Authority’s revised preferred project alternative (collectively referred to as the
mitigation team).

Methods

The mitigation team performed an evaluation of the cost and magnitude of the
mitigation measures for resources that will be affected by project construction,
operations, and maintenance. The resources evaluated were the same as those
identified in AECOM’s 2016 TM estimate, which included mitigation measure
evaluation and cost estimate tables prepared in May 2016. The resources evaluated in
the mitigation team’s updated cost estimate included the following:

Spranza A Forsythe
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® Surface Water Quality,

e Aquatic Resources,
® Botanical Resources,
e Wildlife Habitat,

° Wetlands Habitat,

e Cultural Resources,
® Land Use,

o Paleontology, and

o Air Quality.

The mitigation measure evaluation and cost estimating process were built on the
October 2016 TM and incorporated all applicable mitigation measures for these
resources based on engineering, design, and planning work on the preferred
alternative prior to April 15, of 2021. Assumptions used in the revised cost estimate
were based on the following:

° Effects requiring mitigation were taken from the April/May 2021
Administrative Draft Revised Environmental Impact Report /Supplemental
Environmental Impact Statement (REIR/SEIS)

e Outreach to experts in mitigation banking for current pricing of mitigation
(banks, easements, etc.)

® Assumed presence of all listed and rare species with a moderate or greater
potential to occur as defined in the 2021 Administrative Draft REIR/SEIS due
to lack of access for species and vegetation surveys

e Assumed mitigation ratio of 2:1 for permanent effects and 1:1 ratio for
temporary effects

e Use of the median per-acre costs estimates for specific mitigation (species,
vegetation, agriculture, etc.)

® Credit stacking where practicable (e.g., raptor foraging habitat and rare
plants stacked with annual grasslands)

® Cultural resources costs that were developed & reviewed by
resource specialists using current requirements and anticipated project
effects

o Agricultural land cost based on preliminary outreach to Sites real estate

team and 2019 land prices

° Exclusion of costs that were not exclusively mitigation (land acquisition
costs, easements, right of entry fees, etc.)

® Costs represented by 2019 dollars

Page 2 of 3
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Revised Estimate

The results of the 2021 update are an increase in the anticipated mitigation costs of
approximately $22.5M in 2019 dollars {Table 1). It is important to note that this
estimate is a planning-level estimation and would be modified by changes in land
costs, permit terms, the results of future surveys to determine presence/absence of
listed and rare surveys and escalation of all related mitigation costs. However, it is a
still conservative estimate and very likely an overestimate of the final costs due to the
lack of access to the vast majority of the project area necessitating the assumed
presence of state and federally listed and rare species and special aquatic sites that

are could occur within the project footprint.

Table 1: Results of 2021 mitigation cost estimate update as compared to the 2020

Value Planning update.

$174,800,000

5200,000

$35,000,000

S150,000,000

$540,000,000

$333,412 500

5200,000

$13,840,300

£562,477,300
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Acronyms and Abbreviations

SCADA .

Authority Sites Project Authority

BiOp Biological Opinion

CBD Colusa Basin Drain

CDFW California Department of Fish and Wildlife
cfs cubic feet per second

COA Coordinated Operation Agreement

CvP Central Valley Project

CVPIA Central Valley Project Improvement Act
D-1641 Decision 1641

Delta Sacramento-San Joaquin River Delta
DWR California Department of Water Resot
EIR Environmental Impact Report

EIS Environmental Impact Statem :

GCID Glenn-Colusa Irrigation Di

HCPP Hamilton City Pumping Plant -

1/0 intake/outlet

MAF million acre-feet

NMFS National Marine

NOD North of Delta

O&M Operations and Mai

PGP ‘ 5

RBPP

Reclamation

ROCon LTO -Term Operations of

ater Project

SOD

SWp

SWRCB
TAF
TC Canal
TCCA !
TRR | Regulating Reservoir
WIIN Wat frastructure Improvements for the Nation
WSIP Water Storage Investment Program
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1.0 Definition of Terms

Key terms used in this Reservoir Operations Plan are defined below:

o Active Storage — That portion of Sites Reservoir above dead pool that can be exercised to create
water supply-related benefits. The total maximum storage in Sites Reservoir is expected to be
1.5 million acre-feet (MAF). Firm dead pool storage, or the amount of water that cannot be
effectively used, is expected to be about 60 thousand acre-feet (TAF). However, operationally
another 60 TAF would likely be needed to prevent water quality issues in the storage releases.
Therefore, the operational dead pool, or the minimum amount of water needed to maintain
operational standards, is considered to be 120 TAF. For this plan, the active storage for Sites
Reservoir is considered to be about 1.38 MAF.

oo CalSim Il {CalSim) — A generalized reservoir-river
presented in this document is the Reclamation/C
CalSim Il planning model that simulates the
range of hydrologic conditions. The mod

o Contract Year — Period from, and includ
December 31 of the same year.

oo No Action Alternative (NAA) —-
modeled results for the NAA i
in the with-project modeling.

oo Sites Project Authority {(Authori
common to the Au ity Members
design, finance
such as recre

mulation model. The model used and

oirs, certain associated diversion and
ities, mitigation lands, and water right owned

age volume) in Sites Reservoir allocated to a
» Partner’s Sites Reservoir Benefits and

ted to any Storage Partner.

gencies, water organizations and others who have funded
s Reservoir and the resulting water supply or water
benefits from the Project. Storage Partners could include local

ia, and the Federal Government (see Attachment A for a full list

o Water Year — Period from October 1 through September 30.

o Water Year Type — Classified water year based on the Sacramento Valley 40-30-30 Water Year
Hydrological Classification Index, in accordance with the State Water Resources Control Board
(SWRCB) Water Year Hydrologic Classification, presented in D-1641.
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2.0 Introduction and Approach

The Sites Reservoir Project (Project) is a proposed 1.5 million acre-feet (MAF) offstream reservoir
located west of the community of Maxwell, California. The Project would use existing infrastructure to
divert unregulated and unappropriated flow from the Sacramento River at Red Bluff and Hamilton City
and would convey water to the reservoir. New and existing facilities would move water into and out of
the reservoir. Releases from Sites Reservoir would be made to the Glenn Colusa Irrigation District (GCID)
Main Canal and the Tehama-Colusa (TC) Canal. Releases to the TC Canal could be diverted for use or
could flow farther downstream to either the Yolo Bypass via the Knights Landing Ridge Cut or back to
the Sacramento River via the Knights Landing Outfall Gates and ultimately be exported through the
Sacramento-San Joaquin River Delta (Delta) for use in and south of the Delta. Figure 1 and Figure 2 show
the location of the Project and its facilities.

The Sites Project Authority (Authority) would own, go
related facilities. As such, the Authority would, in ad
water right, enter into contracts for both water
coordinate with the Central Valley Project {CVP)
with other regional and local water facilities, and be r
obligations, operations and maintenance, and dam sa
established the Reservoir Committee t
operational plans. The Reservoir Comm
organizations that are funding and would 1
benefits from the Project.

ship, both long-term and annual
e Partners, those entities and
r supply-related environmental

As defined in the Proje

0

ewide surface water supply reliability and flexibility to
L fisheries management for the public benefit through a

contractual water

anadromous fish.

o Provide surface water to convey biomass from the floodplain to the Delta to enhance the Delta
ecosystem for the benefit of pelagic fishes in the north Delta (e.g., Cache Slough).

o« Provide local and regional amenities, such as developing recreational facilities, reducing local
flood damage, and maintaining transportation connectivity through roadway modifications.

ply needs and improving cold pool management in Shasta Lake to benefit

This document provides a detailed description of the operations of Sites Reservoir {(or Sites). Operations
of the Project would be flexible and adaptable to meet a wide range of water supply and environmental
needs. Version 1 of this Operations Plan includes the operations as they have been identified as of

December 2021. All project facilities and modeling results included in this document refer to Alternative
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1B, as identified in the Revised Draft EIR/Supplemental Draft EIS. As permitting and water right
conditions are finalized, this Plan will be revised and expanded.

It is important to note the following for the reader:

1. This Version 1.0 of the Operations Plan is framed around Alternative 1B, the Authority’s
Preferred Project in the Revised Draft EIR/Supplemental Draft EIS. As the environmental review
process has not yet been completed, the Preferred Project, mitigation measures that may be
relevant to water operations, and the selection of the Preferred Project itself may change. This
Operations Plan in no way binds the Authority to certain operations, mitigation measures, or the
selection of the Preferred Alternative itself. This Plan will be adjusted and revised to reflect the
final outcomes of the environmental review process in future versions.

2. The results of the modeling for Alternative 1B cond for the Revised Draft EIR/Supplemental
Draft EIS are used in this Operations Plan and are alSim modeling and are included
for illustrative purposes only. While these are va
of the project, it is important for the reader
monthly timesteps and historic hydrolo
be developed in the future, and Version
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Figure 1. Regulating Reservoirs, Conveyance, and Sites Reservoir Facilities
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Figure 2. Conveyance to the Colusa Basin Drain
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3.0 Operations Planning, Forecasting, and Accounting

3.1 Annual Operating Cycle

Figure 3 summarizes the annual operating cycle. The annual operating cycle depicts the timeline and
requirements of components important to operations:

Initial and final requests for releases from Storage Partners
Timing of releases for NOD and SOD uses

Timing of exchanges with DWR and Reclamation
Coordination with TCCA, GCID, CDFW, and CBD entities

8 8 8 8

the Project is diverting water,
D during the transfer

The annual operating cycle can be broadly divided into th
exchanging water (and releasing for NOD purposes), a
window.
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= initial requests-for Sites waler provided by

participants fur delivery or transfer
» Cogrdination with GCID and TCCA on diversions

« Coordination with GOD and TCOA on diversions

» Fingl reguests for Sites water reloases before
transter window {further requests
accommodated when possible}

and Rec‘tamaﬁm archanges
» Conrdination with GOD
and TCUA on diversions
« Casrdiration with CDEPW
on Prop 1 water deliveries
« 3ome releasss for HOD use

{further requasts accommodated when possibled
~ Beleases for NOD purposes
« Conrdination with COFW

o Prop 1 water deliveriss

requests for season
« Pagk releaye month for exchange water
» Releases for NOU purposes
« Brop 1 water schedule Snalized with COFW

« Pegk month for water backed into Oroville
and Shasts

« Releases for NOD use

» Carrlage water consts delermined {proposed}

« Trarsfer window apens, SO0 deliveries begin
» Water exchanged into Shasta and Qroville
beging to releaze
» ¥ey month: Coordination with
TCCA, CBD, DWR on releasses to river
* Coprdination with Reclamation
and DWR on exports
« Releases for NOQD use

« ¥ola Bypass Prop 1 deliveries
* Key month: Coordination with

TOLA, CBD, DWR on releases to river
» Coordination with Reclamation

and DWR on exports

» Relpases for NOD use

= Exports for SOD uss

« Key maonth: Coordination with
TLCA, CBD, DWR on relgases 1o river
* Yoin Bypass Prop 1 deliveries

+ Conrdination with Reclamation

and DWR on exports

* Relpgses for NOD use

« Convinaed coardination with TCCA, CBD,
DWR, Rectamation on relesses and deliveries
« Releases for NOD use

« Last month for SO0 exports
» Coordination with G{:ig and TCUA on diversions
« Releases for NOD use

=

et 81 ¥R

« Coordination with GOID and TOCA on diversions

Figure 3. Annual Operating Cycle
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3.2 Forecasting

Forecasting will be used to estimate the amount of water available to each Storage Partner in a given
year. Project-specific forecasts will initiate in February and will be updated weekly. Forecasts will use the
best available technology at the time of operations. This could include the California Department of
Water Resources’ (DWR’s) 50 and 90 percent exceedances for Sacramento River flows. Forecasting for
diversions is discussed in Section 4.3. Forecasts for Project operations will also include coordination with
the CVP and SWP.

3.3 Real-time Tracking and Accounting

A Project dashboard will be developed that will allow the Authority, its operators, and the Storage
Partners to track real-time Project operations and accounting. The dashboard will include the following
metrics:

Project diversions at Red Bluff and Hamilt
pumping into Sites Reservoir from Funks F
local inflows and outflows from Stone Corra

r and the Termi
d Funks Creeks

soulating Reservoir (TRR)

storage account levels
reservoir levels

requested releases

actual releases

power use and generation
deliveries to turno
exchanged watel

8 88 8 88888 88

estimated lo

The real-time dashboard wi
instantaneous:da rior weel

3.4

Following
Storage Part
will include a su
including spills (or
accounting will be avai
following year.

annual water right report. It is anticipated that this report
eleases from storage, actual deliveries, and estimated losses,

3.5 Periodic Synthesis Reporting

A synthesis report will be prepared by the Authority staff every 5 years, starting 5 years after initial
operations of the Project. The synthesis report will evaluate the efficiency and effectiveness of Project
operations, describe, at a minimum, challenges and opportunities that occurred over the prior 5 years of
operations, and identify improvements to be implemented in the future, including potential changes to
this Operations Plan. The Periodic Synthesis Report will incorporate feedback and assess satisfaction of
the Storage Partners and operating partners (GCID, TCCA, CBD, DWR and Reclamation) with Project
operations.
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4.0 Diversions and Conveyance to Sites Reservoir

4.1 Overall Project Diversions

Project diversions would generally occur in the winter and early spring but could occur any time from
October 1 through June 14. Project facilities can only be used to divert/fill or release from the Reservoir;
simultaneous fill and release is not possible. In addition, and consistent with the expected Project water
right, all water diverted under the Project water right must be placed into storage in Sites Reservoir and
cannot be directly used (used for a beneficial purpose prior to being stored in Sites Reservoir).

The total diversions and timing for diversions based on the CalSim modeling conducted for the Revised
Draft EIR/Supplemental Draft EIS are shown in Figure 4 to Figure 6. Figure 4 shows the total average

January-December Total Sies Diversion to Fill: Waterwyear Typs Averages

350

T 300
=
{

£ 250
B
-3

200

150

100

50

o

mANL 18 011221

Water year type based on the Sacramento Valley 40-30-30 Water Year Hydrological Classification Index
Source: CalSim Il modeling for Alternative 1B (Alt 1B 011221) in the Revised Draft EIR/Supplemental Draft EIS

Figure 4. January to December Total Sites Diversion to Fill: Water-year Type Averages
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and conveyance facilities that may be used in the
of these facilities is shown in Figure 1. Facilities are described
(i.e., diversion, storage, release).

The locat
ional proc

operation of the
below in order of o

4.2.1 g Plant, Tehama-Colusa Canal, and Funks Reservoir

The Project would divert water from the Sacramento River at the ex