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Flow Availability Tool

* Determines daily flow available for diversion to Sites Reservoir, subject to
hydrology and regulations outside the scope of Sites Project operations for
October 1%, 2008 — May 315, 2018

e Period consistent with implementation of NMFS’s RPA from the 2009 BiOp

e Flow availability is computed using historical records and accounting for current
flow requirements
e Delta balance conditions from COA reports
e Term 91 conditions
* Delta outflow requirements
e Export/Inflow ratio constraint
e San Joaquin River exports
e Health and safety requirements
e Fall X2
* Spring X2
* Jersey Point, Emmaton, Rio Vista water quality standards



Historical Data Compilation for the Flow
Availability Tool

e USGS Daily Flow

e American River at Fair Oaks
e Sacramento tributary flow (inputs for USRDOM)

e CDEC Daily Data
e San Luis storage from WY 2007 through May 2018
e Feather River flow

e Reclamation Data (inputs for USRDOM)

e Qutputs from the USRDOM HindCast Model

* CVO COA Reports from WY 2008 through November 2017
e Dayflow from WY 2008 through WY 2017



Historical Data Compilation for the Flow
Availability Tool

e Delta Operations for Salmonids and Sturgeon (DOSS) meeting
summaries from January 2009 through June 15t 2018

* Smelt Working Group (SWG) meeting summaries from January 2009
through June 15t 2018

e Delta Assessment Team (DAT) Summaries from January 2009 through
June 15t 2018

e Water Operations Management Team (WOMT) from January 2009
through June 15t 2018

e SWRCB Term 91 indicator data from January 2007 through May 2018



Flow Availability Constraints



Delta Balance Conditions

* Flow is unavailable when the Delta is in “Balanced” conditions, as
defined by CVO COA

e Conversely, flow is available when the Delta is in “Excess” conditions
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Term 91 Conditions

* Flow is unavailable when Term 91 is in effect

e A Term 91 Curtailment Notice is triggered when:
1. Supplemental Project Water is needed to meet water quality objectives
2. The Deltais in “Balanced Condition”

Start Date End Date

8/2/2012 8/31/2012
5/7/2013 9/20/2013
10/30/2013 12/31/2013
1/12/2014 3/14/2014
5/20/2014 11/16/2014
4/30/2015 12/14/2015
6/2/2016 10/14/2016
6/1/2018 11/30/2018

Term 91 Effective Dates (SWRCB, 2019).
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Delta Outflow Requirements

e SWRCB’s D1641 Delta outflow objectives:

_ Minimum Delta Outflow D1641 Objectives (Flow; cfs

I w AN BN D C

4,500 4,500 4,500 4,500 4,500
2] 0 0 0 0 0
3] 0 0 0 0 0
4 0 0 0 0 0
5] 0 0 0 0 0
6 0 0 0 0 0
8,000 8,000 6,500 5,000 4,000
8 4,000 4,000 4,000 3,500 3,000
9 3,000 3,000 3,000 3,000 3,000
10 4,000 4,000 4,000 4,000 3,000
11 4,500 4,500 4,500 4,500 3,500
12 4,500 4,500 4,500 4,500 3,500

Delta Outflow Requirements from D1641 by month (Jan — Dec) and by WYT



Delta Outflow Requirements

* If the Delta Outflow monthly requirement is less than 5,000 cfs, then
the 7-day running average Delta Outflow must be within 1,000 cfs of
the standard for flow to be available for Sites diversion

* If the monthly standard is greater than 5,000 cfs, then the 7-day
running average Delta Outflow must be greater than 80% of the
standard



Delta Outflow Requirements

* IfDOMinReq <= 5,000 cfs:
* DOgyqit = DO7gq — DOMinReq + 1,000

* If DOppinreq > 5,000 cfs:

* DOgyqit = DO7qq — 0.8 * DOpinpgeq
* Where:

e D04, = Delta Outflow 7-day running average (cfs)
* DOpingeq = D1641 minimum flow requirement for Delta Outflow (cfs)
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Rio Vista Flow Requirement

 Monthly flow objectives for the Sacramento River at Rio Vista are
prescribed by D1641:

] Minimum Rio Vista D1641 Objectives (Flow; cfs
[Month [ AN BN D C
None None None None None
_ None None None None None
‘ None None None None None
_ None None None None None
— None None None None None
‘ None None None None None
None None None None None
m None None None None None
9 3,000 3,000 3,000 3,000 3,000
4,000 4,000 4,000 4,000 3,000
4,500 4,500 4,500 4,500 3,500
12 4,500 4,500 4,500 4,500 3,500

Rio Vista Flow Requirements from D1641 by month (Jan — Dec) and by WYT



Rio Vista Flow Requirement

 The 7-day running average of Sacramento River flow at Rio Vista shall
not be less than 1,000 cfs below the monthly objective

* RVypaiit = RV74q — (RVMinReq - 1»000)
e Where:

* RVfiow =7-day running average of Sacramento River flow at Rio Vista (cfs)
* RVpaxreq = D1641 minimum flow requirement at Rio Vista (cfs)
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January Eight | February E/I
R|ver Runoff |Ratio

Export/lnﬂow (E/I1) Ratio

0.45
0.45
'Month | Export/Inflow Ratio Standards | 0.35
1] 0.65 99| 0.35
2 Varies based on January SRl February Export/Import Ratio based
E 0.35 on the January 8RI Scale
4 0.35
=
6 0.35 Year River Runoff Ratio
0.65 | 2008 0.35
8| 0.65 dl 2009 0.96 0.45
9] 0.65 2010 2.48 0.35
0.65 | 2011 2.1 0.35
11 0.65 2012 0.96 0.45
12 0.65 2013 1.34 0.38
Export/Import Ratio Standards from D1641 m 0.36 0.45
by month (Jan — Dec) m 0.79 0.45
| 2016 3.67 0.35
8.53 0.35
| 2018 8.53 0.35

13
February Export/Import Ratio Standard



Export/Inflow (E/I) Ratio

(Banksp+jJonesp)

* Elgyail = Deltalnflow —
 Where:

* Deltayyron, = Delta Inflow (cfs)

EIStandard

 Banksp = Banks Pumping (cfs)
e Jonesp = Jones Pumping (cfs)
 Elstandara = Export/Inflow standard (from table on previous slide)



Spring X2

 From February through June, flow available under the Spring X2
requirement, using the Kimmerer-Monismith equation:

(XZS’Req—10.16—0.945*X2D)

o XZS,avail = Deltaoutflow — MAX (MIN (10_ 1.487 ) 111400) ;XZPMI)
e Where:

* Deltagpytriow = Delta Outflow (cfs)

* X2gReq = Spring X2 requirement based on number of days when maximum daily average EC
of 2.64 mmhos/cm must be maintained at Chipps Island

 X2p = Estimated distance from Golden Gate to 2 ppt salinity (per D1641)

* In May or June and the Previous Month Index (PMI) is less than 81,000, then:
e X2py; = 4,000 cfs

e Else:
e X2py; =7,100cfs



Fall X2

* From September through October, USFWS BiOp Action 4 requires an
average X2 no greater than 74 kilometers following wet years and 81
kilometers following above normal years

(X2 Req—10.16-0.945+X2p)

o X2p avai = Deltapyifiow — MAX (MIN (10‘ 1487 , 11,400) , 0)

* Where:
X2, = Estimated distance from Golden Gate to 2 ppt salinity (per D1641)

e In September - October:
* X2ppeq = 74kmin Wet Years
= 81km in Above Normal Years
* In November — August:
* X2ppeq = Okm



Salinity Control

* Flow is unavailable for the seven days preceding an event when the
historic EC level exceeds the maximum salinity standard (D1641) at
any of the following locations:

* Emmaton

e Jersey Point
e Collinsville
e Rock Slough



Emmaton EC Standards (based on D1641)

1

11

[Month |
1
2
)
4
5
6
8
)
10
1
12
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Jersey Point EC Standards (based on D1641)

|| Jersey Point D1641 Max Salinity (UMHOS/CM)
Month IRV AN BN D C
- None None None None None
- None None None None None
m None None None None None
4 450 450 450 450 2,200
5 450 450 450 450 2,200
6 450 450 550 900 2,200
450 450 740 1,350 2,200
] 1350 1,350 1,490 1,790 2,200
‘ None None None None None
m None None None None None
None None None None None
None None None None None
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Collinsville EC Standards (based on D1641)

| Collinsville D1641 Maximum Salinity (UMHOS/CM)
W AN BN D C
12,500 12,500 12,500 12,500 12,500
8,000 8,000 8,000 8,000 8,000
8,000 8,000 8,000 8,000 8,000
11,000 11,000 11,000 11,000 11,000
11,000 11,000 11,000 11,000 11,000
None None None None None
None None None None None
None None None None None
None None None None None
19,000 19,000 19,000 19,000 19,000
15,500 15,500 15,500 15,500 15,500
15,500 15,500 15,500 15,500 15,500



Rock Slough EC Standards (based on D1641)

] Rock Slough D1641 Max Salinity (mg/I CL-)

D 2w AN BN D C

130 225 225 172 172
2 130 130 130 130 130
3 130 130 130 130 130
4 130 130 130 130 130
5] 130 130 130 130 130
6] 130 130 130 130 130
130 130 130 130 172
- 8| 130 151 225 225 225
9 225 225 225 225 225
225 225 225 225 225
225 225 225 225 225
225 225 225 225 225
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Health & Safety Standards

* Flow availability requires compliance to the Borderline Health and Safety
Condition that specifies that when San Luis Reservoir storage is below
capacity, there must be enough inflow to support at least 1,500 cfs of Delta
exports

e San Luis Reservoir storage capacity =1 MAF
e Delta exports = sum of Jones and Banks pumping

* |f Delta export is less than 1,500 cfs and the current month is within
January through June, then:

* HSavail = MIN (SaCF' D Oavaib RVavail' Elavaib XZS,availJ XZF,availJ Salinityavail)

e Else:
* HS pq = 0



Controlling Constraints

Flow Availability Controls
October 1, 2008 — May 31,
2018

(number of instances) Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total

E/I 21 34 37 64 91 117 36 20 78 0 10 0 508
H&S 0 0 0 0 0 3 0 0 0 0 0 0 3
Delta Outflow 39 42 8 86 0 0 0 0 0 62 52 0 289
Balanced Conditions 234 197 199 103 84 40 93 130 174 217 217 235 1,923
Term 91 0 0 0 0 8 13 0 0 0 0 0 0 21
Spring X2 0 0 0 0 71 100 93 81 18 0 0 0 363
Fall X2 11 18 0 0 0 0 0 0 0 0 0 35 64
EC 0 0 23 0 0 0 4 0 0 0 0 0 27
Rio Vista Flow 5 9 31 0 0 0 0 0 0 0 0 0 45
Main Control Balance [Balance [Balance [Balance [E/I E/I Balance [Balance [Balance [Balance [Balance [Balance [Balance

*This table shows the number of days that each constraint controls flow availability throughout the Daily Modeling period (October 1, 2008 —

May 31, 2018)

*Main Control = constraint that most often controls flow availability
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Delta Availability Calculation

e If the Delta is in Balanced Conditions (as indicated in the COA report)
or Term 91 is in effect, then:

e Deltayyjg =0



Delta Availability Calculation

* If the Delta is in Excess Conditions (as indicated in the COA report) and Term 91 is
not in effect, then:
e Deltajyig; = Min(Sacp +
YOLO» DOavail' RVavailr Elavailr XZS,availr Salinityavailr XZF,avail' HSavail)

e Where:

* Sacr = Sacramento River at Freeport

* YOLO = Yolo Bypass outflow to Delta

 DOgyqi1 = Flow available under Delta Outflow requirements (D1641)

* RV, ,,qi1 = Flow available under the Rio Vista minimum flow requirement (D1641)
 El,,qi1 = Flow available constrained by the Export/Inflow Ratio (D1641)

* X2s qvait = Flow available under the Spring X2 flow requirement (D1641)

e Salinity = Flow available under salinity requirements (D1641); using Emmaton, Rock Slough,
Jersey Point, and Collinsville as assumed controlling stations

* X2p qvaii = Flow available under the Fall X2 flow requirement (RPA)



Flow Availability Calculation at Red Bluff

Sacyeiirp = Min[Min[Sacg;, Sac,,s, Sacc, Sacgg, Sacyc, Sacp| — Ctrl g, Sac,,,, Deltay,q;]

* Definitions:
* Sacaypqiirp = Sacramento River Availability at Red Bluff
e Ctrl, = Min(5,000,Sacy,s) = Navigation Control Point

e Sac,ys = Sacy + Weirg,. + Weirg, = Sacramento River at Freeport plus Sacramento Weir spill
and Fremont Weir spill

e Sacyg; = Sacramento River at Knights Landing

* Sacy s = Sacramento River at Wilkins Slough

e Sac. = Sacramento River at Colusa

* Sacpp = Sacramento River at Red Bluff

e Sacyc = Sacramento River at Hamilton City

e Sacp = Sacramento River at Delevan

e Sacr = Sacramento River at Freeport

e Deltay,i,; = Flow availability based on constraining Delta assumptions described above



Flow Availability Calculation at Hamilton City

Sacyaitnc = Min[Min[Sacg;, Sac,,s, Sacc, Sacyc, Sacp] — Ctrl,,g, Sacy,,, Delta 4]

* Definitions:
* Sacyyqipc = Sacramento River Availability at Hamilton City
e Ctrl, = Min(5,000,Sacy,s) = Navigation Control Point

e Sac,ys = Sacy + Weirg,. + Weirg, = Sacramento River at Freeport plus Sacramento Weir spill
and Fremont Weir spill

e Sacyg; = Sacramento River at Knights Landing

* Sacy s = Sacramento River at Wilkins Slough

e Sac. = Sacramento River at Colusa

* Sacpp = Sacramento River at Red Bluff

e Sacyc = Sacramento River at Hamilton City

e Sacp = Sacramento River at Delevan

e Sacr = Sacramento River at Freeport

e Deltay,i,; = Flow availability based on constraining Delta assumptions described above



Flow Availability Calculation at Delevan

Sacyeup = Min[Min[Sacg;, Sac,,, Sacc, Sacp] — Ctrl,,5, Sacyy,, Deltay,qi]

* Definitions:
* Sacyyqipc = Sacramento River Availability at Hamilton City
e Ctrl, = Min(5,000,Sacy,s) = Navigation Control Point

e Sac,ys = Sacy + Weirg,. + Weirg, = Sacramento River at Freeport plus Sacramento Weir spill
and Fremont Weir spill

e Sacyg; = Sacramento River at Knights Landing

* Sacy s = Sacramento River at Wilkins Slough

e Sac. = Sacramento River at Colusa

* Sacpp = Sacramento River at Red Bluff

e Sacyc = Sacramento River at Hamilton City

e Sacp = Sacramento River at Delevan

e Sacr = Sacramento River at Freeport

e Deltay,i,; = Flow availability based on constraining Delta assumptions described above



Sites Diversion Effects on
Sacramento River and Delta



Red Bluff — WY 2016 (BN)

WY 2016 - Initial Sites Storage = 0 TAF
Sacramento River downstream of Red Bluff

45 000 ——Flows before any Project Diversion ——Flows after Red Bluff Diversion

40,000
35,000
30,000
25,000
2 20,000

(CFS)

Flo

15,000
10,000
5,000

Sep Oct Dec Jan Mar May Jun
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Storable Flow at Red Bluff

Aug Oct

Nov
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Hamilton City — WY 2016 (BN)

WY 2016 - Initial Sites Storage = 0 TAF
Sacramento River downstream of Hamilton City

——Flows before any Project Diversion ——Flows after Red Bluff Diversion

——Flows after Red Bluff and Hamilton City Diversion Storable Flow at Red Bluff and Hamilton City
60,000

50,000
40,000

30,000

Flow (CFS)

20,000

10,000

Sep Oct Dec Jan Mar May Jun Aug Oct
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Delevan — WY 2016 (BN)

WY 2016 - Initial Sites Storage = 0 TAF
Sacramento River at Delevan

——Flows before any Project Diversion ——Flows after Red Bluff Diversion
——Flows after Red Bluff and Delevan Diversion Flows after Red Bluff and Delevan and Hamilton City Diversion
Storable Flow at Red Bluff, Hamilton City, and Delevan
60,000
50,000
o 40,000
LL
O | 1R
30,000 ' il
3 / r
0 J
i 20,000 \3 a‘; |
10,000
0
Sep Oct Dec Jan Mar May Jun Aug Oct Nov
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Wilkins Slough — WY 2016 (BN)

30,000
25,000
20,000

15,000

Flow (CFS)

10,000

5,000

——Flows before any Project Diversion

——Flows after Red Bluff and Delevan Diversion

Sep

WY 2016 - Initial Sites Storage = 0 TAF
Sacramento River at Wilkins Slough

Storable Flow at Red Bluff, Hamilton City, and Delevan

Oct

Dec

A —

Jan Mar May Jun
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——Flows after Red Bluff Diversion

Aug

Oct

Flows after Red Bluff and Delevan and Hamilton City Diversion

Nov
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Knights Landing — WY 2016 (BN)

WY 2016 - Initial Sites Storage = 0 TAF
Sacramento River at Knights Landing

——Flows before any Project Diversion Flows after Red Bluff Diversion
——Flows after Red Bluff and Delevan Diversion Flows after Red Bluff and Delevan and Hamilton City Diversion
Storable Flow at Red Bluff, Hamilton City, and Delevan
30,000
25,000
o 20,000
LL
= 15,000
3 r
0
i 10,000
5,000
0
Sep Oct Dec Jan Mar May Jun Aug Oct Nov
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Freeport — WY 2016 (BN)

WY 2016 - Initial Sites Storage = 0 TAF
Sacramento River at Freeport

——Flows before any Project Diversion ——Flows after Red Bluff Diversion
——Flows after Red Bluff and Delevan Diversion Flows after Red Bluff and Delevan and Hamilton City Diversion
Storable Flow at Red Bluff, Hamilton City, and Delevan
90,000
80,000
70,000 f
& 60,000 {
© 50,000 !
2 40,000 ' |'
T 30,000 / |
20,000 Ay
10,000 LS N} >
0
Sep Oct Dec Jan Mar May Jun Aug Oct Nov
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Delta Outflow — WY 2016 (BN)

Flow (CFS)

180,000
160,000
140,000

=
J
o
o
o
o

’

100,000
80,000
60,000
40,000
20,000

0

——Flows before any Project Diversion

WY 2016 - Initial Sites Storage = 0 TAF

Delta Outflow

——Flows after Red Bluff and Delevan Diversion

Sep

Storable Flow at Red Bluff, Hamilton City, and Delevan

Oct

Jan Mar

Flows after Red Bluff Diversion

Flows after Red Bluff and Delevan and Hamilton City Diversion

May Jun Aug Oct Nov
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Next Steps

e Estimation of upstream weir spills (Moulton, Tisdale, and Colusa)
* Implementation of the Fremont Weir Notch

e Calculation of Net Delta Outflow Index

 Calculation of X2 position
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