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San Joaqu Port of Stc Port of Stc No
Shasta Lak Unknown USDA Serv No
Pyramid L: Departme Departme! Yes
Discovery Town of D Town of D No
Lake Brittc PG&E PG&E No
Clear Lake LakeBed N\ Lake Coun No
Lake Orovi Departme Departme! Yes
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Lake Del V East Bay P East Bay P Yes
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San Luis R Departme DWR and | No
O'Neill For Departme California Yes
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Unnamed Privately c Private citi Yes
Shadow Cl East Bay R East Bay R Yes
Lake Anza East Bay R East Bay R Yes
Lake Teme East Bay R East Bay R Yes
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Discovery Reclamatic Homeown Yes
Clear Lake Lake Coun Various (Li Yes
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Shasta Lak 9/9/2016 Analytical
Pyramid Lc ###H##### Analytical
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Lake Brittc 9/9/2016 Observatic
Clear Lake ######## Observatic
Lake Orovi #####Hi# Observatic
Quarry Lal ######## Observatic
Lake del V #####i## Analytical
Arroyo De 7/1/2016 Observatic
Lake Anza ######Hi# Observatic
Lake Chab ######## Observatic
Lake Elsinc ######## Analytical
San Luis R #t######H Analytical
O'Neill For 9/9/2016 Analytical
Lake Teme ######## Observatic
Pinto Lake 8/2/2016 Analytical
San Loren: #i####### Observatic
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Mountain 9/9/2016 Observatic
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37.33537
39.04236
39.02687
39.00313
39.00096
38.96291
38.92547
38.95983

39.0094
39.01929
39.02664

-122.997
-118.766
-114.227
-114.321
-114.378
-114.386
-114.139
-114.386
-120.931
-122.319
-117.335
-122.331
-118.611
-121.657
-122.44
-122.595
-117.275
-118.052
-121.096
-121.1
-121.109
-121.106
-121.093
-121.087
-121.087
-121.091
-121.146
-121.168
-121.729
-118.485
-118.468
-118.434
-118.409
-119.273
-119.285
-121.556
-121.536
-121.482
-121.458
-122.213
-121.098
-120.012
-117.042
-121.844
-121.873
-120.424
-122.864
-122.962
-123.396
-122.571
-123.531
-123.22
-124.073
-123.772
-123.981
-123.709
-124.076
-122.161
-122.203
-122.215
-122.235
-122.288
-123.816
-122.56
-117.286
-121.768
-122.299
-122.44
-122.442
-121.73
-124.129
-122.329
-118.085
-116.919
-122.099
-122.865
-122.66
-121.174
-122.25
-121.53
-122.267
-118.487
-118.393
-122.25
-122.231
-122.002
-122.112
-122.319
-121.81
-122.913
-122.887
-122.798
-122.751
-122.731
-122.617
-122.65
-122.674
-122.675
-122.735

HitHHHH
HitHHHH
HitHHHH
HitHHHH
HitHHHH
HitHHHH
HitHHHH
HitHHHH
HitHHH
HitHHHH
7/5/2017
HitHHHH
HitHHHHE
HitHHHH
HitHHHE
7/8/2017
HitHHHH
HitHHHH
HitHHHHE
HitHHHH
HitHHHHE
HitHHHH
HitHHHH
HitHHHH
HitHHH
HitHHHH
HitHHHHE
HitHHHH
HitHHHHE
HitHHHH
HitHHHHE
HitHHHH
HitHHHE
HitHHHH
HitHHHH
8/7/2017
8/7/2017
8/7/2017
8/7/2017
HitHHHH
8/3/2017
HitHHHH
HitHHHE
HitHHHH
HitHHHH
HitHHHH
HitHHHHE
HitHHHH
HitHitHH
HitHHHH
HitHHHE
HitHHHH
HitHHHH
HitHiHHH
HitHHHH
HitHHHH
HitHitHH
HitHHHH
HitHHHE
HitHHHH
HitHiHHE
HitHHHH
HitHHHH
HitHHHH
HitHHHHHE
HitHHHH
HitHHHE
HitHHHH
HitHiHHE
HitHHHH
HitHHHH
9/3/2017
9/6/2017
9/8/2017
HitHHHHE
HitHHHH
HitHiHHE
9/8/2017
HitHiHHE
HitHHHH
HitHiHHE
HitHHHH
HitHiHHE
1/2/2018
1/2/2018
HitHHHH
HitHiHHE
HitHHHH
HitHitHH
HitHHHH
HitHiHHE
HitHHHH
HitHiHHE
HitHHHH
HitHiHHE
HitHHHH
HitHiHHE
HitHHHH
HitHiHHE

Lake
Lake
Lake
Lake
Lake
River
River
Lake
Lake
Pond
Lake
Lake
Lake
Lake
Lake
Creek
Lake
Lake
Lake
Lake
lake
lake
lake
lake
lake
lake
lake
lake
Estuary
River
Lake
Lake
Lake
Lake
Lake
River
River
River
River
Lake
Retention
Lagoons
Lake
Artificial P
Lake
Lake
River
river
river
river
river
river
river
river
river
river
river
Lake
Lake
Lake
Lake
Lake
river
Pond
Lake
Lake
Lake
lake
river
Creek
Lagoon
Stock Poni
Ponds
Lake
Managed
river
dregded cl
Lake
Lake
Canal
Slough
River
Lake/Rese
Lake
Lake
Lake
Lake
Pond
Lake
Lake
Lake
Lake
Lake
Lake
Lake
Lake
Lake
Lake
Lake

Lower Blue Lake Private  Yes

Pyramid L: Dept. of W TBD Yes
Lake Hava Arizona D¢ TBD No
Lake Hava Arizona  TBD No
Lake Hava Arizona  TBD No
Lake Hava Arizona  TBD No
Lake Hava Arizona  TBD No
Lake Hava Arizona  TBD No

Lake San £ California Monterey Yes
Napa Coul TBD Dept. Fish No
Silverwoo( Departme CA State P No
Copco Res PacifiCorp No
Castaic Lal Departme Los Angele Yes
Lake Brittc PG&E and State Park No

Iron Gate | PacifiCorp No
Copsey Cri Lake Coun Private res No
Lake Gregory No
Diaz Lake Inyo Coun TBD No

North Fort USBR; Arn California No
North Forl USBR; Arn California No
North Forl USBR; Arn California No
North Forl USBR; Arn California No
North Fort USBR; Arn California No
North Forl USBR; Arn California No
North Fort USBR; Arn California No
North Forl USBR; Arn California No
North Fort USBR; Arn California No
North Forl USBR; Arn California No
Big Break | TBD East Bay R No
KEYSVILLE TBD Kern Coun Yes
AUXILLARY USArmy Ci USDA Fore Yes
SOUTH FO Army Corg USDA Fore Yes
STINE COV Army Corg USDA Fore Yes
BUENA VI¢ Kern Coun Kern Coun No
BUENA VI¢ Kern Coun Kern Coun Yes
San Joaqu Various  Various No
San Joaqu Various  Various No
San Joaqu Various Various No
San Joaqu Various  Various No
Lake Berryessa, Spanish Flat and No
Laguna Joi Communit Rancho M No
Tahoe Key Tahoe Key Tahoe Key Yes
Lake Skinr TBD Riverside ( No
Arroyo De East Bay R East Bay R Yes
Lake Alma Santa Clar City of Sar Yes
Jim May P City of Santa Maria No
Klamath R Pacific Cor US Forest No

Klamath R USFS No
Klamath R USFS No
Klamath R USFS/Karuk No
Klamath River at Orleans No
Klamath R USFS No
Klamath River Estuary No
Klamath R Yurok Tribe No
Klamath R Yurok Tribe No
Klamath R Yurok Tribe No
Klamath R Yurok Tribe Yes

Lake Berry USBR, Sol: USBR; TBC No
Lake Berry USBR, Sol: USBR, TBC No
Lake Berry USBR, Sol: USBR, TBC No
Lake Berry USBR, Sol: USBR, TBC No
Lake Berry USBR, Sol: USBR, TBC No
Eel River, Near Miranda, South ¢ No
Scottsdale City of No' City of No» Yes
Lake Calav City of Car City of Car No
Pinto Lake City of Wa City of Wa Yes

Copco Res PacifiCorp No
Iron Gate | PacifiCorp No
Klamath R PacifiCorp No

Cache Crei Army Cory Private prc No
Big Lagoor Humboldt County Pai No
Stock Pont Private Prc Private Prc No
Lakes in Al City of Lor City of Lor Yes
Lindo Lake No
McNabney Mountain Mountain Yes
Klamath River at Walker Bridge No
Clear Lake Private Prc Private Prc Yes
Rim Rock | US Forest US Forest No
Lake Anza East Bay R East Bay R Yes
Sacrament TBD TBD No
Marina La; San Matec San Matec Yes
Lower Ker Numerous USBR, USF Yes
Lake Isabe USACOE, k BLM, USF¢ Yes
Lake Anza East Bay R East Bay R Yes
Lake Teme East Bay R East Bay R Yes
Quarry Lal East Bay R East Bay R No
Lake Chab East Bay R East Bay R Yes
Huichica P CADFW CADFW No
Lake Cunn City of Sar San Jose C No
Clear Lake Lake County No
Clear Lake Lake Cour Big Valley No
Clear Lake Lake Coun Lake Coun No
Clear Lake Lake Coun Lake Coun No
Clear Lake Lake Coun Lake Coun Yes
Clear Lake Lake Coun Lake Coun No
Clear Lake Lake Coun Lake Coun No
Clear Lake Lake Coun Lake Coun No
Clear Lake Lake Coun Lake Coun No
Clear Lake Lake Coun Lake Coun Yes

Update:  No Adviso Lower Blu: ######## Analytical
UPDATE 11 CAUTION Pyramid Li ######## Analytical
On 6/14/1 Unknown Lake Hava ######## Analytical
On 6/14/1 Unknown Lake Hava ######## Analytical
On 6/14/1 Unknown Lake Hava ######## Analytical
On 6/14/1 Unknown Colorado | ######## Analytical
On 6/14/1 Unknown Colorado | ######## Analytical
On 6/14/1 Unknown Lake Hava ######## Analytical
UPDATE DANGER Lake San £ ####### Observatic
UPDATE: DANGER Huichica P ######## Observatic
UPDATE  CAUTION Silverwoor ##i### Analytical
In the Copco Reservoir at Copco Cove

UPDATE: None Castaic Lal ####### Analytical
Central Va CAUTION | Lake Brittc ######## Observatic
In the Iron Gate Reservoir - Jay William
07/19/17: Notifying t Copsey Cri 7/8/2017 Analytical
Update Lake Greg: ###tHi# Observatic
UPDATE: CAUTION Diaz Lake 8/8/2017 Observatic
0On 07/18/ None Folsom La ####### Analytical
0On 07/18/ None Folsom La ######## Analytical
0On 07/18/ None Folsom La ######## Analytical
0On 07/18/ None Folsom La ######## Analytical
0On 07/18/ None Folsom La ####### Analytical
0On 07/18/ None Folsom La ######## Analytical
0On 07/18/ None Folsom La ####### Analytical
0On 07/18/ None Folsom La ######## Analytical
0On 07/18/ None Folsom La ####### Analytical
0On 07/18/ None Folsom La ######## Analytical

UPDATE CAUTION Big Break | ######## Observatic
Kern Coun None KEYSVILLE ######### Analytical
UPDATE: None Lake Isabe #####i## Analytical
UPDATE: None Lake Isabe ######### Analytical
UPDATE: None Isabella La ####### Analytical

Kern Coun Advisory s BUENA VIS ######## Analytical

UPDATE: None BUENA VIS ##f##i#i# Analytical
UPDATE None San Joaqu #it#iH#### Observatic
UPDATE  None San Joaqu #i####H Observatic
UPDATE None San Joaqu #it#iH#### Observatic
UPDATE  None San Joaqu #it##i#H Observatic

On Lake Berry ######## Observatic
cyanobact None (yet] Laguna Joi #i###### Observatic
UPDATE None Tahoe Key ######## Observatic
UPDATE CAUTION Lake Skinr ######## Observatic
Bloom dis¢ None Arroyo De #it#iH#### Observatic
Cyanobact CLOSED T( Lake Alma ######## Analytical
Bright gre¢ Caution  Jim May P ######## Analytical

In the Klamath R ######## Analytical
Inthe Klamath River at Brown Bear Riv
In the Klamath River below Happy Cam
Inthe Klamath River at I-5 Rest Area
Inthe Klamath River at Orleans

Inthe Klamath River below Seiad Valle
In the Klamath River Estuary

In the Klamath River below Trinity Rive
Inthe Klamath River near Klamath

In the Klamath River at Weitchpec

In the Klamath River at South Slough

08/29/17: None
08/29/17: None
08/29/17: None

Lake Berry ######### Analytical
Lake Berry ####### Analytical
Lake Berry ######### Analytical
UPDATE Caution Lake Berry ####### Analytical
08/29/17: None Lake Berry ######## Analytical
09/18/17 CAUTION Eel River, | ######## Observatic
Bloom None Scottsdale #it#####t# Analytical
UPDATE Lake Calav ######H## Observatic
There isn't an active t Pinto Lake ######### Analytical

In the Copco Reservoir at Mallard Cove
In the Iron Gate Reservoir at Jay Williar
In the Klamath River below Iron Gate C
09/01/201 None Cache Cre ######## Observatic
UPDATE  CAUTION Big Lagoor ######## test

09/05/201 None (Priv Stock Pont 9/5/2017 Observatic
UPDATE: F None Lakes in Al 9/6/2017 No bloom
Regional V CAUTION - Lindo Lake 9/8/2017 Observatic
10/9/201 None McNabney #####it## Observatic

Inthe Klamath River at Walker Bridge
UPDATE  None Clear Lake ###### Analytical
UPDATE Rim Rock | ######## Observatic

Swimmin None 12/1 Lake Anza ####i#### Observatic
10/23/201 None requ Victoria Ce ######## Observatic
11/13/20 NONE - Inc O'Neill Slo ######## Observatic
11/21/17: None Lower Ker #####t## Observatic
11/08/201 None Lake Isabe ######## Analytical

Parks NONE Lake Anza 1/2/2018 Visual

Swimmin NONE Lake Teme ######Hi# Observatic
Bloom res None Quarry Lal ######## Observatic
UPDATE: CAUTION Lake Chab ######## Observatic

Update 1- DANGER
Lake close CLOSED
12/21/20 None
12/21/20 None
12/21/20 None
12/21/20 None
10/10/20 None
12/21/20 None
12/21/20 None
12/21/20 None
12/21/20 None
10/19/20 None

Huichica P ######## Observatic
Lake Cunn ######## Analytical
Clear Lake ##t###### analytical
Clear Lake ###### Analytical
Clear Lake #it###### Analytical
Clear Lake ###### Analytical
Clear Lake #it###### Analytical
Clear Lake ###### Analytical
Clear Lake #it###### Analytical
Clear Lake ###### Analytical
Clear Lake #it###### Analytical
Clear Lake ###### Analytical

TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE





1718
1719
1720
1721
1722
1723
1724
1725
1726
1727
1728
1729
1732
1733
1734
1735
1736
1737
1738
1740
1741
1742
1743
1747
1748
1749
1751
1752
1753
1754
1755
1756
1757
1758
1759
1760
1761
1762
1763
1764
1765
1766
1768
1769
1770
1771
1772
1773
1774
1775
1777
1778
1779
1780
1781
1782
1783
1785
1786
1788
1789
1791
1792
1793
1794
1795
1796
1798
1799
1800
1801
1802
1803
1805
1814
1815
1816
1817
1818
1819
1820
1821
1822
1826
1827
1831
1832
1833
1834
1835
1838
1839
1841
1842
1843
1844
1845
1846
1847

HitHHHE
HitHHHHE
HitHHHE
HitHHHH
HitHiHHH

HitHHHH
HitHiHHH
HitHHHH
HitHiHHH
HitHHHH

HitHHHHE
HitHHHHHE
HitHHHH
HitHiHHH
HitHHHH
HitHHHH
HitHHHH
HitHiHHH
HitHHHH
HitHiHHH
HitHHHH
HitHHHE
HitHHHH
HitHHHE
HitHHHHE
HitHHHE
HitHHHH
HitHHHH
HitHHHH
HitHiHHH
HitHHHH
HitHiHHH
HitHHHHE
HitHiHHH
HitHHHH

HitHiHHH
HitHHHH
HitHiHHH
HitHHHHE
HitHiHHH
HitHHHH
HitHiHHH

HitHiHHH
HitHHHH
HitHiHHH
HitHHHHE
HitHiHHH
HitHHHH
HitHiHHH
HitHHHH
HitHiHHH
HitHHHH
HitHiHHH
HitHHHHE
HitHiHHH
HitHHHH
HitHiHHH
HitHHHH
HitHiHHH
HitHHHH
HitHHHE
HitHHHHE

HitHHHHE
HitHiHHH
HitHHHH
HitHiHHH
HitHHHHE
HitHiHHH
HitHHHHE
HitHiHHH
HitHHHHE
HitHiHHH
HitHHHHE
HitHHHHHE
HitHHHHE
HitHiHHH

HitHiHHH
HitHHHHE

HitHHHHE

HitHiHHH

HitHHHHE
HitHiHHH

49:31.2
55:46.5
59:55.6
04:10.0
09:40.8
06:11.6
16:35.4
14:36.3
14:41.1
48:37.5
08:48.3
28:43.7
27:46.2
35:25.3
59:33.1
17:36.0
34:37.7
57:47.7
08:24.2
07:53.7
24:33.7
00:13.5
41:03.2
01:34.8
28:44.8
39:29.6
29:59.3
13:33.6
30:03.9
40:02.0
59:42.5
17:10.1
31:43.5
22:10.4
18:15.9
22:52.4
27:36.3
33:59.9
39:13.9
44:14.9
49:36.0
55:52.3
40:13.5
44:04.3
14:20.1
02:33.7
43:18.5
58:38.3
00:34.4
44:41.5
20:19.9
55:03.7
03:55.4
34:59.8
41:05.7
49:09.9
22:45.2
23:05.4
33:09.3
24:31.1
30:12.3
13:33.9
38:47.2
44:10.0
48:03.6
21:50.7
54:44.3
57:43.3
06:47.2
13:09.4
18:51.4
22:28.6
41:09.8
13:09.2
48:42.0
11:31.8
25:25.1
28:13.2
30:28.2
38:51.0
43:04.0
45:16.7
21:06.4
02:53.5
47:29.3
13:57.0
21:12.4
51:00.1
46:26.3
36:54.9
13:51.6
29:53.1
46:58.9
17:29.1
53:44.5
10:53.0
34:07.1
49:13.3
35:56.9
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39.0897
39.0632
38.9643
39.0116
38.5996
34.09768
39.01945
38.50558
38.56783
33.66928
38.98528
38.92889
33.50367
33.5038
33.34582
33.17463
33.32862
33.41007
37.0365
37.07031

37.08375
37.89424
35.813
37.89603
39.719
36.85897
37.87095
37.82797
37.83158
37.82015
37.79382
37.81096
34.66125
39.01186
39.0287
39.06389
39.11814
39.12128
38.94847
38.99986
39.17004
34.51126
34.49558
39.57395
37.24081
38.685

33.678
38.00306
38.01202
32.76868
35.65161
35.64859

35.6514
40.33469
35.19261
37.89076
37.88134
40.87605
41.97251
36.95101
37.22208
37.12162

35.2354
38.84914
37.60377

38.1033

38.0558

38.0678

38.0711
37.89634
33.50421
37.90307
40.49573
39.53378
37.82233
37.80749
37.81368
37.82025
37.81462
37.82011

37.834

38.0711

40.5632
38.03917
41.93477
38.47235
32.77437
38.03778
34.16484
41.23221
32.78525

33.8151
38.56539
36.56178
34.32016
37.47535
37.66846

-122.796
-122.866
-122.679
-122.696
-121.505
-118.265
-122.687
-122.123
-121.767
-117.362
-122.677
-120.009
-115.914
-115.917

-115.73
-115.641
-115.938
-116.035
-121.094
-120.994

-121.059
-121.614
-120.9
-122.25
-121.426
-119.302
-121.53
-121.553
-121.554
-121.545
-121.517
-121.544
-118.766
-122.761
-122.849
-122.914
-122.886
-122.856
-122.638
-122.671
-123.008
-117.274
-117.266
-121.41
-121.873
-121.27

-117.042
-121.461
-121.729
-117.158
-118.426
-118.418
-118.485
-121.203
-120.465
-121.488
-121.467
-123.994
-122.436
-121.768
-119.985
-119.888
-119.3
-120.232
-118.74
-121.454
-121.667
-121.649
-121.579
-121.615
-115.918
-121.59
-121.175
-121.378
-121.318
-121.331
-121.383
-121.435
-121.425
-121.45
-121.386
-121.579
-120.832
-121.886
-122.435
-121.507
-117.135
-121.496
-116.883
-124.085
-117.104
-116.965
-121.553
-118.055
-117.846
-122.448
-121.844

HitHHHH
HitHHHH
HitHHHH
HitHHHH
HitHiHHH
4/9/2018
HitHHHH
HitHHHH
HitHHH
5/3/2018
HitHHHHE
HitHHHH
HitHHHHE
HiHHHH
HitHHHE
HitHHHH
HitHHHH
HitHHHH
HitHHHHE
HitHHHH
HitHHHHE
HitHHHH
HitHHHHH
HitHHHH
6/6/2018
6/3/2018
HitHHHHE
HitHHHH
HitHHHHE
HitHHHH
HitHHHHE
HitHHHH
HitHHHE
HitHHHH
6/4/2018
6/4/2018
6/4/2018
6/4/2018
6/4/2018
6/4/2018
6/4/2018
6/4/2018
HitHHHE
HitHHHH
HitHHHH
HitHiHHH
HitHHHHE
HitHHHH
6/6/2018
HitHHHH
HitHHHE
HitHHHH
HitHHHH
HitHiHHH
HitHHHH
HitHHHH
HitHitHH
HitHHHH
HitHHHE
HitHHHH
HitHiHHE
HitHiHHH
HitHHHH
HitHHHH
HitHHHHHE
7/3/2018
HitHHHE
7/3/2018
7/3/2018
7/3/2018
7/3/2018
7/4/2018
7/5/2018
HitHHHH
HitHHHHE
7/6/2018
HitHiHHE
HitHHHH
HitHiHHE
HitHHHH
HitHiHHE
HitHHHH
HitHiHHE
HitHHHH
HitHHHHHE
HitHHHH
HitHiHHE
HitHHHH
HitHitHH
8/2/2018
8/7/2018
HitHHHH
8/7/2018
HitHHHH
8/8/2018
HitHHHH
8/9/2018
6/6/2018
HitHiHHE

Yes

Yes
Yes
Yes

z
5

Yes

z
5

z
5

Yes

z
5

Yes

Lake

Lake

Lake

Lake
River
Reservoir
Lake
Lake/Rese
Storm Dra
Lake

Lake
Lagoons
Lake

lake

Lake

lake

lake

lake
Reservoir
Forebay al
Ponds
Reservoir/
bay

Lake

Lake

Lake
Lake/Rese
Canal
Canal
Canal
Canal
Canal
Canal
Lake

Lake

Lake

Lake

Lake

Lake

Lake

Lake

Lake

Lake

Lake

Lake and f
Lake

Lake
Drainage ¢
Non-body
river
river
River
Lake/Rese
Lake/Rese
Lake/Rese
Lake/Rese
Lake

River and '
River
River
Reservoir
Lake

Lake

Lake

Lake

Lake

Lake
Slough
River
river chan
river

Keys
Inland Lak
Manmade
Lake
Lake/River
River
river
river
canal
Cut/Canal
Canal
River
River
Lake

River
reservoir
River
river
River
Lake
Lagoon
Pond
Lake

Ship Chan

Lake
Creek
Artificial p

Clear Lake Lake Coun Lake Coun No
Clear Lake Lake Coun Lake Coun No
Clear Lake Lake Coun Lake Coun No
Clear Lake Lake Coun Lake Coun No
sacrament Sacrament Sacrameni Yes
Silver Lake Los Angele NA No
Clearlake ( Lake Coun Lake Coun Yes
Lake Berry USBR USBR, Puti Yes
North Dav City of Da\ City of Da\ Yes
Lake Elsinc City of Elsi City of Elsi No
Borax Lake Lake Coun Private ow Yes
Tahoe Key Tahoe Tahoe No
Salton Sea Joint Pow State Park No
Salton Sea Joint Pows State Park No

Salton Sea Joint Powt TBD No
Salton Sea Joint Powt TBD No
Salton Sea Joint Powt TBD No
Salton Sea Joint Powt TBD No

San Luis Rr DWR and | State Park Yes
O'Neill For DWR and | State Park Yes
Brentwoor Brentwooi Brentwoor Yes
O'Neill For USBR, DW State Park Yes
Discovery Reclamatic Towne of | Yes
Lake San # TBD California No
Lake Anza East Bay R East Bay R Yes
North Forl DWR State Park Yes
Pine Flat L US Army C Kings Rivel Yes

Victoria Cz Dept. of W NA Yes
0ld River ¢ Dept. of W NA Yes
Old River ¢ Dept. of W NA Yes
Grant Line Dept. of W NA Yes
Old River ¢ Dept. of W NA Yes
0ld River [ Dept. of W NA Yes

Pyramid L: Departme Departme! Yes
Clear Lake Lake Coun Lake Coun Yes
Clear Lake Lake Coun Lake Coun No
Clear Lake Lake Coun Lake Coun Yes
Clear Lake Lake Coun Lake Coun Yes
Clear Lake Lake Coun Lake Coun No
Clear Lake - Redbud F DWR Lake Yes
Clear Lake - West of Sulphur Bar Yes
Upper Blu: Lake County Yes
Horseshoe San Bernadino Count No
Spring Val Spring Valley Lake Ho No
Lake Orovi DWR State Park Yes
Almaden L Water: Sai City of Sar No
Arcade Lal Arcade Lal City of Citr Yes
Golf cours County of County of No
Diamond \ Metropolitan Water [ No
Middle River near Holt, Turner ¢ Yes
Big Break | Delta Wat: East Bay P Yes
San Diego River No
Lake Isabe Army Corg various ~ Yes
Lake Isabe Army Corps of Engine Yes
Lake Isabe Army Corps of Engine Yes
Lake Almanor-north : PGE Yes
Lopez Lake SLO Count No
Middle River at Victoria Canal Cc Yes
Middle River downstream of S T Yes
Mad River No
Iron Gate Reservoir at Camp Cre No
Pinto Lake City of Wa City of Wa No
H.V. Eastm U.S. Army No
Hensley Lz U.S. Army No
Lake Evan: Kern Coun Kern Coun Yes
Wrights Le TBD USFS El Dc Yes

Crowley L: Los Angele TBD No
Three Mile Delta Water Master  Yes
False River near Oakley Yes
Fisherman's Cut Yes

Old River near Franks Tract near Yes
Discovery Rec Distric Private ho Yes
salton sea JPA na No
Discovery Reclamatit Private Prc Yes
Rim Rock Lake US Forest No
Lake Orovi DWR Yes
San Joaquin River above Dos Rei Yes
Old River at Head of Old River ~ Yes
0ld River near Doughty Cut Yes
Grant Line Canal East of Tempor Yes
Doughty Cut above Grant Line Ci Yes
Grant Line Canal at Tracy Blvd Bt Yes
Middle Riv Delta Watermaster ~ Yes
Mokelumne River near San Joaq Yes
Eagle Lake TBD Lassen Na' No
Delta insid City of Pitt City of Pitt No
Iron Gate Reservoir at Log Boom No
Sacramento River ne: Sacrameni Yes
San Diego City of San Diego No
San Joaqu Delta Wat St. Francis Yes
Jenks Lake TBD US Forest No
Stone Lagoon No
Grantville TBD TBD No
Lake at Co TBD Country L No
port of sac Port of We Port of We Yes
Diaz Lake, Lone Pine, Inyo Coun No
Crystal Lake US Forest No
Half moon San San No
Shadow Cl East Bay R East Bay R Yes

12/21/20
12/21/20
12/21/20
12/21/20
Update
As of 4/19
09/14/20
05/11/20
05/09/20
UPDATE
09/28/20
UPDATE:
UPDATE
UPDATE
UPDATE
UPDATE
UPDATE
UPDATE
Update
UPDATE
06/25/20
UPDATE
12/04/18
UPDATE
Bloom res:
UPDATE
08/27/20

None
None
None
None
None
None
None
None
City of Day
Warning -
None
CAUTION
CAUTION
CAUTION
Caution
Caution
Caution-Ri
Caution
None
None
None
None
None
CAUTION
None
None
None

Clear Lake ####### Analytical
Clear Lake #it###### Analytical
Clear Lake ####### Analytical
Clear Lake #it###### Analytical
Confluenc 4/9/2018 No Bloom
Silver Lake ######## Analytical
Clearlake ( #####it## Observatic
Lake Berry ######## Observatic
North Dav 5/4/2018 Observatic
Lake Elsinc ######## Observatic
Borax Lake 5/8/2018 Observatic
Tahoe Key ######### Analytical
Salton Sea ####### Analytical
Salton Sea #it###### analytical
Salton Sea #it###### analytical
Salton Sea #it###### analytical
Salton Sea #it###### analytical
Salton Sea #it###### analytical
San Luis Ri #######H Analytical
O'Neill For #t###### Analytical
Brentwoou #####i#H# Observatic
O'Neill For #it###### Analytical
Driftwood ######H## Observatic
Lake San £ #####i### Observatic
Lake Anza ##t###iH# Observatic
North Forl ######## Observatic
Pine Flat L #####i### Observatic

On 6/13/1 Caution R Victoria Ce ######## Observatic

12/04/18
12/04/18

None
None

Old River, ######## Observatic
Old River ¢ ######## Observatic

On 6/13/1 Caution - | Grant Line ####i#### Observatic

12/04/20

None

Old River ¢ ######## Observatic

On 6/13/1 Caution R Old River, ####i#### Observatic

UPDATE

10/19/20
12/21/20
10/19/20
10/19/20
12/21/20
10/19/20
10/19/20
10/19/20

None
None
None
None
None
None
None
None
None

Pyramid Li ######## Analytical
Clear Lake ##t###### analytical
Clear Lake #it###### analytical
Clear Lake ###### Analytical
Clear Lake #it###### Analytical
Clear Lake ###### Analytical
Clear Lake #t###### Analytical
Clear Lake ####### Analytical
Upper Blu: ########## Analytical

Regional Water Boarc Horseshoe ##i### Analytical
Regional V Caution - | Spring Val ######## Analytical

09/07/20

None

Lake Orovi 8/6/2018 Observatic

Lake Alma CAUTION Lake Alma ######### Analytical

12/04/18

None

Arcade Lal ######## Observatic

Update: Ju WARNING Peacock G 7/5/2018 Analytical

UPDATE

Danger

Diamond \ ######## Analytical

06/26/2018 - CA Dep Middle Riv ######## Observatic

Update
Local river
10/24/20
10/24/20
10/24/20
12/04/18
Update
06/28/201
06/28/201
UPDATE: r
Inthe

None
None
None
None
None
None
Caution
None
None
DANGER

Big Break | ####### Observatic
San Diego ##t###### observatic
Lake Isabe #####i## Analytical
Lake Isabe ######### Analytical
Lake Isabe #####i## Analytical
Lake Alma ######## Observatic
Lopez Lake ##f#i##H analytical
Middle Riv ######## Observatic
Middle Riv ######## Observatic
Mad River 8/8/2018 Analytical
Iron Gate Reservoir at Camp Cre

City of Wa WARNING Pinto Lake ######## analytical

Update
Update
12/04/18
07/16/20
UPDATE:
07/03/201
07/03/18:
07/03/201
07/03/201
12/04/18
none obse
12/04/18
UPDATE
09/07/20
10/09/20
10/09/20
10/09/20
10/09/20
07/17/201
07/17/201
12/04/18
07/31/201
UPDATE
On July 24
Inthe
08/07/20

Caution
Caution
None
None
Caution -1
None
None
None
None
None
CAUTION
None
Caution -1
None
None
None
None
None
None
None
None
None
None
DANGER

None

H.V. Eastrr ######## Observatic
Hensley Le ######## Observatic
Lake Evan: ####### Analytical
Wrights Le 7/9/2018 Observatic
Crowley L: #it#### Observatic
Three Mile 7/3/2018 Observatic
False River 7/3/2018 Observatic
Fisherman 7/3/2018 Observatic
Old River r 7/3/2018 Observatic
Discovery ######## Observatic
Salton Sea 7/5/2018 yes

Discovery ######### Analytical
Rim Rock | 8/2/2018 observatic
Lake Orovi ######## Observatic
San Joaqu #it####H Observatic
Old River ¢ ######## Observatic
Old River r #####it## Observatic
Grant Line ######## Observatic
Doughty C ####### Observatic
Grant Line ######## Observatic
Middle Riv ######## Observatic
Mokelumr ######## Observatic
Eagle Lake ###### Observatic
Delta (insii ######## Analytical
Iron Gate Reservoir at Log Boom
Sacrament 8/2/2018 Analytical

benthic alf WARNING San Diego 8/3/2018 observatic

08/31/20
On 8/7/18
UPDATE
On 8/7/18
On 8/8/18
UPDATE
Update:
On
November
Bloom res:

None
None
DANGER
None
None
None
CAUTION
None
None
None

San Joaqu #it#HiH#### Observatic
Jenks Lake 8/7/2018 Observatic
Stone Lage #itH##### test

Grantville 8/7/2018 Observatic
Country Le #it#iH#### Observatic
Port of We #####i# Observatic
Diaz Lake ######## Observatic
Crystal Lak 8/9/2018 observatic
Pilarcitos ( ######## Observatic
Shadow Cl #####it## Observatic

TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE





1849
1850
1851
1852
1853
1854
1855
1856
1857
1858
1859
1860
1861
1862
1863
1865
1866
1868
1869
1872
1874
1878
1879
1881
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893
1894
1895
1896
1897
1898
1899
1900
1901
1902
1903
1904
1905
1906
1907
1908
1909
1910
1911
1912
1914
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1931
1933
1934
1935
1937
1938
1939
1940
1941
1943
1946
1947
1948
1949
1950
1951
1953
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1967
1968
1969
1970
1972

HitHHHH
HitHiHHH

HitHHHHE
HitHHHE

HitHHHH
HitHiHHH

HitHHHH

HitHiHHH
HitHHHH

HitHHHE

HitHHHE
HitHHHH
HitHHHH
HitHHHH
HitHiHHH
HitHHHH
HitHiHHH
HitHHHHE
HitHiHHH
HitHHHH
HitHiHHH
HitHHHH
HitHiHHH
HitHHHH
HitHiHHH
HitHHHHE
HitHiHHH
HitHHHH
HitHiHHH
HitHHHH
HitHiHHH
HitHHHH
HitHiHHH
HitHHHHE
HitHiHHH

HitHHHH
HitHiHHH
HitHHHH
HitHHHE
HitHHHHE
HitHiHHH
HitHHHHE
HitHiHHH

HitHiHHH
HitHHHHE

HitHHHHE

HitHHHHE
HitHHHHHE
HitHHHHE

HitHiHHH
HitHHHHE
HitHiHHH
HitHHHHE

HitHiHHH

46:12.3
57:17.7
19:11.3
21:23.9
23:12.2
26:29.1
28:08.1
50:59.1
36:11.9
53:04.9
26:21.3
31:56.8
35:57.6
40:18.5
43:34.7
40:37.4
46:45.3
03:46.5
49:58.7
31:25.4
34:18.8
10:03.0
42:04.2
16:19.2
56:18.7
51:29.8
02:44.7
28:19.1
40:19.8
12:02.9
17:06.4
53:52.4
58:01.6
16:22.2
18:51.2
22:14.8
25:45.3
29:16.3
32:46.6
35:57.3
39:33.2
42:29.6
45:40.9
50:21.0
54:03.6
58:11.0
07:48.4
14:07.6
17:11.0
20:12.6
24:06.4
27:24.4
30:21.8
36:09.6
21:10.7
11:12.3
15:27.3
19:41.9
36:03.2
40:56.6
45:22.6
02:10.4
08:05.3
12:44.3
22:50.3
28:14.8
32:44.8
07:41.5
21:09.3
41:09.0
38:25.6
14:32.9
12:40.6
08:56.3
50:48.7
51:07.9
53:31.4
24:46.5
31:38.8
55:09.3
44:39.9
52:39.8
58:38.8
21:46.3
26:42.7
03:07.0
15:11.6
32:50.4
34:36.3
36:17.9
37:52.5
41:26.6
48:23.9
38:10.4
58:48.7
05:38.5
33:10.2
11:53.9
57:26.9
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35.26595
35.76084
33.66737
33.64206
33.67235
33.66037
33.67141
35.22354
32.93429
38.70106
33.50421
33.34531
33.17461
33.32883
30.23822
38.72752
40.65319
38.60516
33.6707
37.89603
38.01966
33.40123
37.247
35.06887
33.65992
37.72695
33.50405
33.34531
37.12162
33.1746
33.32883
33.39771
39.00096
39.00313
39.0287
39.02687
39.04236
39.12128
39.0897
39.01929
39.0094
38.95983
38.92547
39.0632
38.9643
39.0116
39.1149
38.99986
38.94847
39.11814
39.06389
39.01186
39.02664
39.17004
37.67004
37.90312
37.90291
37.90475
37.90938
37.90262
37.90162
37.89714
37.89508
37.89155
37.89244
37.89346
37.8981
38.01202
38.174
38.02609
37.57333
37.22208
36.99465
37.0365
39.82116
33.50334
37.08375
33.86894
33.86332
33.04716
33.50421
33.34531
33.17461
33.39776
37.89603
39.80745
36.95101
33.66037
33.67141
33.64206
33.66737
33.66645
33.12412
34.52366
39.53471
39.49183
33.65595
33.588
32.8586

-120.687
-120.902
-117.337
-117.344
-117.369
-117.351
-117.371
-119.262
-117.177
-119.971
-115.918

-115.73
-115.641
-115.921

-115.02
-121.209
-122.599
-119.867
-117.373

-122.25
-121.751
-116.034
-119.518
-120.575
-117.351
-122.112
-115.917

-115.73
-119.888
-115.641
-115.938
-116.037
-122.751
-122.798
-122.849
-122.887
-122.913
-122.856
-122.796
-122.675
-122.674

-122.65
-122.617
-122.866
-122.679
-122.696
-122.883
-122.671
-122.638
-122.886
-122.914
-122.761
-122.735
-123.008
-120.444

-121.59
-121.588
-121.588
-121.601
-121.608
-121.612
-121.618
-121.617
-121.615
-121.606
-121.604
-121.607
-121.729
-120.809

-120.76
-122.002
-119.985
-119.692
-121.094
-122.329
-115.915
-121.059
-117.171
-117.187
-117.118
-115.918

-115.73
-115.641
-116.037

-122.25
-122.352
-121.768
-117.351
-117.371
-117.344
-117.337
-117.376
-117.207
-118.611
-121.588
-121.669
-117.834
-117.056
-116.917

HitHitHHE Yes
HitHiHHE No
HitHiHHE N
HitHiHiHE Yes
HitHitHHE Yes
HitHiHiHE Yes
HitHitHiHE Yes
HitHiHHE No
9/3/2018 No
9/2/2018 Yes
HitHitHHE No
HitHiHiHE No
HitHitHHE Yes
HitHiHHE No
HitHitHHE No
7/1/2018 No
HitHitHHE Yes
HitHiHiHE No
HitHitHHE No
HitHiHiHE Yes
HitHitHHE No
HitHiHiHE Yes
7/2/2018 No
HitHiHHE No
HitHitHHE No
1/4/2019 Yes
HitHitHHE Yes
HitHiHiHE No
1/7/2019 Yes
HitHiHiHE Yes
HitHitHHE No
HitHiHHE Yes
HitHitHHE No
HitHiHiHE No
HitHitHHE No
HitHiHE No
HitHitHHE No
HitHiHiHE No
HitHitHHE No
HitHiHHE No
HitHitHHE No
HitHiHHE No
HitHitHHE Yes
HitHiHiHE No
HitHitHHE No
HitHiHHE No
HitHitHHE No
HitHiHHE No
HitHitHHE Yes
HitHiHHE No
HitHitHHE No
HitHiHiHE No
HitHitHHE No
HitHiHHE No
1/5/2019 No
2/6/2019 No
2/6/2019 No
2/6/2019 No
2/6/2019 No
2/6/2019 No
2/6/2019 No
2/6/2019 No
2/6/2019 No
2/6/2019 No
2/6/2019 No
2/6/2019 No
2/6/2019 No
3/5/2019 Yes
4/2/2019 Yes
4/2/2019 No
4/3/2019 Yes
4/6/2019 No
5/8/2019 No
HitHiHiHE Yes
HitHitHHE Yes
7/5/2018 Yes
HitHitHHE No
5/8/2019 No
5/8/2019 No
HitHiHHE No
7/5/2018 No
7/5/2018 No
7/5/2018 No
7/5/2018 No
HitHitHHE Yes
HitHiHiHE Yes
HitHitHHHE Yes
HitHiHHE Yes
HitHitHHE Yes
HitHiHiHE Yes
HitHitHHHE Yes
HitHiHHE Yes
HitHitHHHE Yes
HitHiHHE No
HitHitHHE No
HitHiHHE No
HitHitHHE No
HitHiHHE Yes
HitHitHHHE Yes

5

Laguna Lake
Lake Nacimiento

City of Sai No
Monterey No

Lake Lake Elsinc City of Elsinore No
Lake Lake Elsinc Lake Elsinore No
Lake Lake Elsinc City of Elsinore No
Lake Lake Elsinc City of Elsinore No
Lake Lake Elsinc City of Elsinore No

Lake Webl KERN COUNTY Yes

Retention Basin near Penasquitc Yes
Red Lake CA Dept. ¢ CA Dept. c No

Inland Lak Salton Sea JPA na No
Inland Lak Salton Sea JPA na No
Inland Lak Salton Sea JPA na No
Inland Lak Salton Sea JPA na No
Harbor ch. Salton Sea JPA na No

Swan Lake Treelake Village Mast Yes
Lake Grizzly Gul USBR State Natit Yes

Wet Mead USFS - Humboldt Toiy No
Lake Elsinc City of Elsi City of Elsi No
Lake Lake Anza East Bay R East Bay R No
Estuary an Antioch/Oakley Regic East Bay R Yes
Harbor thi Salton Sea JPA na No
man made Manzanite PG&E PG&E Yes
Cypress Ridge Golf Cc Cypress Ri No
Rec-1, Rec Lake Elsin¢ City of No
Lake Lake Chab East Bay R East Bay R No
Salton Sea Joint Powers Authorit No
Salton Sea Joint Powers Authorii No
Lake/Rese Hensley Lz US Army C US Army C Yes
Salton Sea Joint Powers Authorii No
Salton Sea Joint Powers Authorit No
Salton Sea Desert Shores Harbor No

Lake Clear Lake Lake Coun Lake Coun No
Lake Clear Lake Lake Coun Lake Coun No
Lake Clear Lake Lake Coun Lake Coun No
Lake Clear Lake Lake Coun Big Valley No
Lake Clear Lake Lake Coun Lake Coun No
Lake Clear Lake Lake Coun Lake Coun No
Lake Clear Lake Lake Coun Lake Coun No
Lake Clear Lake Lake Coun Lake Coun No
Lake Clear Lake Lake Coun Elem India No
Lake Clear Lake Lake Coun Lake Coun No
Lake Clear Lake Lake Coun Lake Coun No
Lake Clear Lake Lake Coun Lake Coun No
Lake Clear Lake Lake Coun Lake Coun No
Lake Clear Lake Lake Coun Lake Coun No
Lake Clear Lake Lake Coun Lake Coun No
Lake Clear Lake Lake Coun Elem India No
Lake Clear Lake Lake Coun Lake Coun No
Lake Clear Lake Lake Coun Lake Coun No
Lake Clear Lake Lake Coun Lake Coun No
Lake Clear Lake Lake Coun Lake Coun No
Lake Clear Lake Lake Coun Lake Coun No
Lake Upper Blu: Lake Coun Lake Coun No

River and Tuolumne Turlock Irr Stanislaus Yes
man-made Discovery Contra Co: Towne of | Yes
man-mad¢ Discovery Contra Co: Towne of | Yes
man-made Discovery Contra Co: Towne of | Yes
man-made¢ Discovery Contra Co: Towne of | Yes
man-made Discovery Contra Co: Towne of | Yes
man-made¢ Discovery Contra Co: Towne of | Yes
man-made Discovery Contra Co: Towne of | Yes
man-made Discovery Contra Co: Towne of | Yes
man-made Discovery Contra Co: Towne of | Yes
man-mad¢ Discovery Contra Co: Towne of | Yes
man-made Discovery Contra Co: Towne of | Yes
man-made¢ Discovery Contra Co: Towne of | Yes
Open Bay Big Break | East Bay R East Bay R No
Lake/Rese New Hoga Army Corg Army Corf Yes
lake/reser Salt Spring Rock Creel private col Yes
Lake Quarry Lal East Bay East Bay R No
Reservoir/ H.V. Eastrr Army Corg Army Corf Yes
Lake/Rese Millerton | USBR State Park Yes
Reservoir San Luis Ri CA Depart CA State P Yes
Ponds Black Butt: USACE, Or USACE, Te No

salton sea Joint Powt na No
Reservoir O'Neill For DWR State Park Yes
Reservoir Lake Perri¢ Dept. of W CA State  No

Lake Perri: Dept of w: CA State  No

Lake Hodg City of San Diego Yes

Inland Lak Salton sea JPA na No
Inland Lak Salton Sea JPA na No
Inland lak« Salton Sea JPA na No
Harbor ch. Salton Sea JPA na No
Lake Lake Anza East Bay R East Bay R No

Reservoir Black Butt US Army US Army C Yes
Pinto Lake City of Watsonville  No
Lake Elsinc City of Elsi City of Elsi No
Lake Elsinc City of Elsi City of Elsi No
Lake Elsinc City of Elsi City of Elsi No
Lake Elsinc City of Elsi City of Elsi No
Lake Elsinc City of Elsi City of Elsi No
Lake San I Pino Vitto Citizens D¢ Yes
Lake Castaic Lal Departme Los Angele No
Lake and F Lake Orovi CA Depart CA Depart Yes
Lake and f Lake Orovi CA Depart CA Depart Yes
William R Orange No
Lake Skinr Metropolitan Water [ Yes
Lake Lindo Lake SD County No

On 8/20/1 CAUTION
On 8/20/1 CAUTION
Elevated I DANGER
Significant DANGER
Significan DANGER
Elevated l¢ Danger
Elevated l¢ Danger
12/04/18 None

Laguna Lal ####### Observatic
Lake Nacir ######## Observatic
Lake Elsinc ######## Analytical
Lake Elsinc ######### Analytical
Lake Elsinc ######## Analytical
Lake Elsinc ######## Analytical
Lake Elsinc ###H##### Analytical
Lake Webl ######## observatic

It turned out to be a layer of Lemna (duckweed) coveri

UPDATE: DANGER
none obse CAUTION :
none obse none
none obse none
none obse none
none obse CAUTION
10/24/20 None
10/25/20 None

On CAUTION
On DANGER
Bloom res None
12/04/18 None
Entire harl CAUTION
11/08/201 None
12/19/18: Cuation re
Updated Unknown
CAUTION CAUTION
1/1/4/19: Caution
1/14/19:\ Caution Re
12/10/20 Blue-Gree
1/14/19:\ Caution
1/14/19: \ None
1/14/19: E CAUTION
Winter  None
Summer None
Summer None
Winter ~ None
Summer None
Summer None
Summer None
Cyanobac None
Winter
Cyanobac None
Summer
Summer
Summer
Summer
Summer
Winter
Winter
Summer
Winter
Summer
Summer
Cyanobac None
02/21/20 None
6/11/19: Caution - |
6/11/19: Caution -1
6/11/19: None
6/11/19: None
6/11/19: None
02/06/201 None
6/11/19: None
6/11/19: None
6/11/19: None
02/06/201 None
02/06/201 None
6/11/19: None
East Bay Caution
06/17/20 None
12/10/20 None
The lake w Closure sig
12/10/20 Blue-Greel
06/17/20 None
California None
06/07/20 USACE Blu
none obse CAUTION
California None

None

None
None
None
None
None
None
None
None
None
None
None

The NONE
The NONE
A Caution - |

none obse CAUTION
none obse none
none obse none
TOXIN None
Lake CLOSED
07/01/20 USACE sta
City of Wa WARNING
8/23/19: DANGER -
8/23/19: DANGER
5/22/19: C CAUTION
8/23/19: DANGER

7/3/19:  CAUTION
On 5/14/1 Caution
The None
The None
The None
0On 6/10/1 None
On Warning
2/7/2020

Red Lake ######### Analytical
Salton Sea #it## yes
Salton Sea #it#iH#### yes
Salton Sea #it#i### yes
Salton Sea #it#iH#### yes
Salton Sea #it#i### yes

Swan Lake ######## observatic
Grizzly Gul ##t##### Observatic
Wet Mead #i#t###### Observatic
Lake Elsinc ######## Observatic
Lake Anza ######## Observatic
Antioch/O ######## Analytical
Desert Shc #####iHH# yes
Manzanite 7/2/2018 Observatic
Lake on Cy ######## Observatic
Lake Elsinc 1/7/2018 Observatic
Lake Chab ######## Observatic
Salton Sea #it###### Both
Salton Sea ######## Both
Hensley Le ###### Neither (Si
Salton Sea ######## Both
Salton Sea #it###### Both
Salton Sea ######## Both
Clear Lake ####### Analytical
Clear Lake #it###### Analytical
Clear Lake ###### Analytical
Clear Lake #i###### Analytical
Clear Lake ###### Analytical
Clear Lake #it###### Analytical
Clear Lake ###### Analytical
Clear Lake #t###### Analytical
Clear Lake ####### Analytical
Clear Lake #it#####t# Analytical
Clear Lake ####### Analytical
Clear Lake ####### Analytical
Clear Lake ####### Analytical
Clear Lake #it###### Analytical
Clear Lake ###### Analytical
West of Su #it#####t# Analytical
Clear Lake ####### Analytical
Clear Lake #it#####t# Analytical
Clear Lake ###### Analytical
Clear Lake ####### Analytical
Clear Lake ####### Analytical
Upper Blu: ######## Analytical
Tuolumne #it####H### Observatic
Discovery ######## Analytical
Discovery #i#### Analytical
Discovery ######### Analytical
Discovery #if### Analytical
Discovery ######### Analytical
Discovery 2/6/2019 Analytical
Discovery ######### Analytical
Discovery #if### Analytical
Discovery ######## Analytical
Discovery 2/6/2019 Analytical
Discovery 2/6/2019 Analytical
Discovery #if### Analytical
Big Break | ######## Observatic
New Hoga ###### Observatic
Salt Spring #it#iH#### Observatic
Quarry Lal ######## Analytical
H.V. Eastrr ######## Observatic
Millerton | ######### Observatic
San Luis R #t######H Analytical
Black Butt: ######H## Observatic
Salton Sea 7/5/2018 yes
O'Neill For 9/3/2019 Analytical
Lake Perri¢ ######## Analytical
Lake Perric ##f###### Analytical
Lake Hodg ######## Observatic
Salton Sea 7/5/2018 yes
Salton Sea 7/5/2018 yes
Salton Sea 7/5/2018 yes
Salton Sea 7/5/2018 yes

Lake Anza ##t##i#H# Observatic
Black Butt ######### Analytical
Pinto Lake ######i#H## Both

Lake Elsinc ######## Both

Lake Elsinc ######### Both

Lake Elsinc ######## Both

Lake Elsinc ######### Both

Lake Elsinc ######## Both

Lake San I ######## Observatic
Castaic Lal #t###### Analytical
Lake Orovi ######## Analytical
Lake Orovi ######### Analytical
Lake at Wi ######i### Observatic
Lake Skinr ######## Both
Lindo Lake ######## report sub

TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE





1973 22:35.5 1 12 41.17346 -124.116 #Hi##H#H##H#E Yes No Big Lagoor Humboldt CA Dept. No 8/30/19: WARNING Big Lagoor ######## Both TRUE
1975 35:59.1 3 27 35.8122 -120.923 HHHHHHHH Yes Yes Lake San Antonio CA Parks C No 8/30/19: CAUTION Lake San £ ####i#### Both TRUE
1976 06:17.8 6 36 34.28241 -117.335 ######H# No No Silverwood Lake, Saw Dept of W No The None Silverwoou #it#i##### Both TRUE
1977 10:43.5 6 36 34.28665 -117.343 ######## No No Silverwood Lake, Cleg Dept of W No The None Silverwoou #it##### Both TRUE
1978 15:35.5 4 19 34.66139 -118.765 #i#i#it No Yes Pyramid L: California California No The None Pyramid L: ######H Both TRUE
1979 18:00.5 4 19 34.67613 -118.782 ##t##H##i# No Yes Pyramid L: California California No The None Pyramid Li ######### Both TRUE
1980 22:24.7 4 19 34.50474 -118.613 #####iHt No Yes Castaic Lay California California No The None Castaic Lay #it###### Both TRUE
1981 #iH#H#HE  25:24.1 4 19 34.52029 -118.6 #H###H#H#H No Yes Castaic Lal California California No The NONE Castaic Lal ######## Both TRUE
1982 04:07.8 1 12 41.25229 -124.096 #i###### Yes Yes Stone Lagc Humboldt CA Dept. No 8/30/19: DANGER Stone Lage ######## Analytical TRUE
1983 #######HE  09:15.4 5 4 39.77168 -121.782 #i###### Yes Yes Lake/Rese Horseshoe City of Chi City of Chi Yes 08/27/20 None Horseshoe 8/6/2019 Observatic TRUE
1986 10:53.3 8 36 34.20697 -117.405 6/1/2019 Yes Yes Glen Helen Regional | Glen Heler No 10/31/19 Caution Glen Heler ###i###### Both TRUE
1987 03:57.0 3 42 34.57849 -119.957 #####H### No Yes Lake Cachi Cachuma | Santa No 6/20/19: ( Caution - | Lake Cachi ######## analytical TRUE
1988 #it#tit  38:40.5 2 1 37.84656 -122.231 it Yes Yes Lake Lake Teme East Bay R East Bay R No Closed to : CAUTION Lake Teme #i##### Analytical TRUE
1989 #i##H###HE  40:56.6 5 4 HitHHH##” No No Lake/Rese North Forl Dept of W DWR and ! Yes 09/01/20 None Lake Orovi ######### Both TRUE
1990 #ifHHiHiH HiftHtHIHT 5 17 39.024 -122.788 it No No Lake/Rese Clear Lake Lake Coun Not applic No Summer None Clear Lake #it###### Analytical TRUE
1991 #######E  55:06.9 5 17 39.061 -122.817 6/9/2019 No No Lake/Rese Clear Lake Lake Coun Not applic No Summer None Clear Lake ##t###### Analytical TRUE
1992 #i#H###HE  57:26.1 5 17 39.061 -122.873 6/9/2019 No No Lake/Rese Clear Lake Lake Coun Not applic No Summer None Clear Lake #it###### Analytical TRUE
1993 #######E  59:32.0 5 17 39.094 -122.847 6/9/2019 No No Lake/Rese Clear Lake Lake Coun Not applic No Summer None Clear Lake ######## Analytical TRUE
1994 #iH####E  01:30.1 5 17 39.028 -122.745 6/9/2019 No No Lake/Rese Clear Lake Lake Coun Not applic No Summer None Clear Lake #it###### Analytical TRUE
1995 ####H##E  03:32.6 5 17 39.0127 -122.699 6/9/2019 No No Lake/Rese Clear Lake Lake Coun Not applic No Summer None Clear Lake ##t###### Analytical TRUE
1996 #i####H#E  05:24.4 5 17 38.983 -122.717 6/9/2019 No No Lake/Rese Clear Lake Lake Coun Not applic No Summer None Clear Lake #it###### Analytical TRUE
1997 #H#H###HR  28:48.5 5 34 38.36329 -121.488 ####H### No Yes Refuge Stone Lakes National Fish & Wil Yes 10/17/19 None Stone Lake 9/1/2019 Both TRUE
1998 13:13.3 5 15 35.69294 -118.455 6/6/2019 Yes Yes Lake Isabella, Tillie Cr Kern No Kern CAUTION Lake Isabe 9/6/2019 both TRUE
1999 16:33.9 5 15 35.67291 -118.465 6/6/2019 Yes Yes Lake Isabella, Boulde Kern No Kern CAUTION Lake Isabe 9/6/2019 both TRUE
2000 18:09.3 5 15 35.65007 -118.484 6/6/2019 No Yes Lake Isabella, French Kern No Kern None Lake Isabe ######## both TRUE
2001 20:09.4 5 15 35.65063 -118.484 6/6/2019 Yes Yes Lake Isabella, French Kern No Kern DANGER Lake Isabe ######## both TRUE
2002 17:46.0 5 15 35.64351 -118.465 6/6/2019 No Yes Lake Isabella, Auxiliar Kern No Kern NONE Lake Isabe #####i# both TRUE
2003 19:34.8 5 15 35.65432 -118.455 6/6/2019 Yes Yes Lake Isabella, Old Isal Kern No Kern WARNING Lake Isabe 9/6/2019 both TRUE
2004 21:00.8 5 15 35.65983 -118.438 6/6/2019 Yes Yes Lake Isabella, South F Kern No Kern Warning Lake Isabe 9/6/2019 Both TRUE
2005 22:16.2 5 15 35.65118 -118.426 6/6/2019 Yes Yes Lake Isabella, Paradis Kern No Kern DANGER Lake Isabe 9/6/2019 both TRUE
2006 23:24.6 5 15 35.64934 -118.418 6/6/2019 Yes Yes Lake Isabella, Kissack Kern No 7/11/19: DANGER Lake Isabe 9/6/2019 Both TRUE
2007 24:39.3 5 15 35.64686 -118.413 6/6/2019 Yes Yes Lake Isabella, Kissack Kern No Kern WARNING Lake Isabe 9/6/2019 Both TRUE
2008 26:08.1 5 15 35.67245 -118.371 6/6/2019 Yes Yes Lake Isabella, Hannin Kern No 8/1/19: DANGER Lake Isabe 8/1/2019 Both TRUE
2009 27:25.9 5 15 3567754 -118.414 6/6/2019 Yes Yes Lake Isabe Kern No Kern CAUTION Lake Isabe 9/6/2019 Both TRUE
2010 28:55.8 5 15 35.69448 -118.44 6/6/2019 Yes Yes Lake Isabella, Camp M Kern No Kern CAUTION Lake Isabe 9/6/2019 Both TRUE
2012 33:13.1 5 7 37.91206 -121.604 ####H#H#H## No Yes Discovery Contra Co: Towne of | No 6/14/19:\ None Discovery ######### Analytical  TRUE
2013 37:52.8 5 7 37.90872 -121.604 ##i##i##H## No Yes Discovery Contra Co: Towne of | No 6/14/19:\ None Discovery #if#i##it Analytical  TRUE
2014 41:56.8 5 7 37.90489 -121.606 ####H#H#H## No Yes Discovery Contra Co: Towne of | No 6/14/19:\ None Discovery ######## Analytical  TRUE
2015 47:05.6 5 7 37.90047 -121.616 #####H#H## No Yes Discovery Contra Co: Towne of | No 6/14/19:\ None Discovery #if###t Analytical  TRUE
2016 50:23.2 5 7 37.89582 -121.617 #H#H##H#H#H## No Yes Discovery Contra Co: Towne of | No 6/14/19:\ None Discovery ######### Analytical  TRUE
2017 54:14.9 5 7 37.89213 -121.612 #####H#H## No Yes Discovery Contra Co: Towne of | No 6/14/19:\ none Discovery #if# analytical TRUE
2018 02:10.2 5 7 37.89287 -121.606 ####H#H### No Yes Discovery Contra Co: Towne of | No 6/14/19:\ None Discovery ######### Analytical  TRUE
2019 05:37.3 5 7 37.9128 -121.597 ##i##HH## No Yes Discovery Contra Co: Towne of | No 6/14/19:\ None Discovery #if####t Analytical  TRUE
2020 47:02.3 6 36 34.24237  -117.27 H##H##HHE Yes Yes Lake Gregory San Berna No 11/29/20 Danger Lake Greg: #i####i### Both TRUE
2021 #itHiH#HE  59:53.4 5 20 37.21309 -119.676 #iHitHitH Yes No Lake Indian Lak Madera C« Madera Cc Yes Bloom None Indian Lak ######## Observatic TRUE
2022 HuuH##  05:53.1 5 17 38.94886 -122.66 7/8/2019 No No Lake and f Clear Lake Lake County No Winter None Clear Lake ##t###### Analytical TRUE
2023 #i##HEHE  11:36.8 5 17 39.02507 -122.66 7/8/2019 No No Lake and F Clear Lake Lake Coun Lake Coun No Summer None Clearlake | ######## Both TRUE
2024 HuuHEE  16:42.3 5 17 39.02391 -122.672 7/8/2019 No No Lake and f Clear Lake Lake Coun Lake Coun No Cyanobac None Clearlake | #it###### Analytical TRUE
2025 #i##H#HE  20:21.5 5 17 39.02194 -122.667 7/8/2019 No No Lake and F Clear Lake Lake Coun Lake Coun No Summer None Clearlake ¢ #it###### Analytical TRUE
2026 #uuH  19:54.4 9 37 33.2425 -117.337 #####H#H## No No Lake Whelan Lz Buena Yes 7/17/19: Warning - Whelan Lz ######## Observatic TRUE
2027 #iutH##E  57:59.7 5 32 40.40487 -121.36 HH####H## No No Willow Lal US Forest US Forest Yes 10/07/19 None Willow Lal ###it#it## both TRUE
2028 #H#H#A#E  32:48.9 5 55 38.12931  -120.38 ######H## No No River Middle Fo US Bureau US Bureau Yes 09/24/20 None Middle Fo ######## Observatic TRUE
2029 #i####HE  50:35.4 5 39 38.04271 -121.504 7/5/2019 No Yes River Ward Islar San Joaquin County No 08/28/20 General C: Ward Islar ######## Observatic TRUE
2030 56:50.9 1 47 41.93099 -122.442 #H####H#H# No Yes Klamath R PacifiCorp Yes Klamath  None Klamath R 9/9/2019 Both TRUE
2031 00:35.1 1 47 41.93477 -122.435 Hi####H## No Yes Iron Gate | PacificCorp Yes Klamath  NONE Iron Gate | 9/9/2019 Both TRUE
2032 06:08.9 1 47 419729 -122.364 7/8/2019 No Yes Klamath R PacificCorp Yes Klamath  None Klamath R 7/8/2019 Both TRUE
2033 31:07.1 1 47 41.98029 -122.33 7/8/2019 No Yes Copco Res PacificCorp Yes Klamath  NONE Copco Res 9/9/2019 Both TRUE
2034 56:15.2 1 47 41.97349 -122.299 7/8/2019 No Yes Copco Res PacificCorp Yes Klamath  NONE Copco Res 9/9/2019 Both TRUE
2035 58:38.7 1 47 41.98345 -122.331 7/8/2019 No Yes Copco Res PacificCorp Yes Klamath  NONE Copco Res 9/9/2019 Both TRUE
2036 00:51.7 1 47 41.97251 -122.436 7/8/2019 No Yes Iron Gate | PacificCorp Yes Klamath  NONE Iron Gate | 9/9/2019 Both TRUE
2037 03:25.8 1 47 41.96224 -122.44 7/8/2019 No Yes Iron Gate | PacificCorp Yes Klamath  NONE Iron Gate | 9/9/2019 Both TRUE
2038 #uu#HHE  06:31.7 5 5 38.15931 -120.412 6/7/2019 No Yes Pond Forest Me Calaveras Private prc Yes 10/9/19: None Forest Me ######## Observatic TRUE
2040 #i#tttt  17:54.6 9 37 329113 -117.105 #i##i#i# No Yes Pond Evan's Por City of San Diego Yes Bloom Caution -t Evan's Por ##f######f Observatic TRUE
2041 27:27.4 3 27 36.42511 -121.747 #i###### No Yes Pond San Clemente Ranchc Private Prc No 7/21/19: F None - Cai San Cleme ######### Observatic ~TRUE
2042 #itHtHt  47:52.6 5 17 38.98103 -122.69 #it#iti# Yes No Lake/Rese Lily Cove ( Lake Coun Lake Coun No Winter ~ None Clear Lake #it###### Observatic TRUE
2043 48:35.9 8 30 33.64857 -117.95 ######## No No Unknown depression Orange Ca No 7/30/19: F Caution - | Ponded wi ######## Observatic TRUE
2044 #i#HE##E  54:52.5 5 29 39.27709 -121.263 7/4/2019 Yes Yes Lake/River Englebrigh https://www.spk.usa Yes 08/22/19 - None Englebrigh 8/2/2019 Observatic TRUE
2045 46:51.1 8 36 34.26211 -116.931 ####H#H#H## No Yes Lake/Rese Big Bear L: Big Bear IV City of Big No 11/22/20 NONE Big Bear L ######## Both TRUE
2047 37:05.1 6 36 34.51089 -117.274 Hi####H## No No Horseshoe Unknown San Berna No 8/30/19: Caution - | Horseshoe ###### Both TRUE
2048 42:24.2 8 36 34.26009 -116.885 7/1/2019 No Yes Big Bear L: Big Bear Iv City of Big No 11/22/20 NONE Big Bear L: ######## Both TRUE
2050 19:20.0 6 36 34.51192 -117.269 8/2/2019 No No Pelican Lake at Moja\ San Berna No 8/30/19: Caution - | Pelican Lal ######## Both TRUE
2051 29:56.1 5 39 37.95336 -121.299 ####H#H#H## No Yes River chan Stockton ( City of Sto City of Sto No 08/07/201 Caution is Stockton ( ######## both TRUE
2052 #iuH##E  38:06.0 5 39 37.95183 -121.304 H#####H## No No Slough Mormon ¢ City of Sto City of Sto No 08/28/20 Caution is Mormon S ######## both TRUE
2053 00:42.3 5 39 37.95265 -121.319 #####H#H## No No river San Joaqu Port of Stc Port of Stc No 08/07/201 Caution is San Joaqu ######## both TRUE
2054 53:58.2 6 2 38.6985 -119.969 ###i#HH#H#E Yes Yes Red Lake CA Dept Fish & Wildli No 9/12/19: DANGER Red Lake 9/4/2019 Both TRUE
2055 23:06.0 8 36 34.05363 -117.049 ###H#H#HH## Yes Yes Yuciapa Regional Parl San Berna Yes 12/25/19 None Yucaipa Re ##t###### Observatic TRUE
2056 46:05.1 6 18  40.565 -120.332 #if#i# Yes Yes Eagle Lake near Chris Lassen Na No 8/30/19: Caution  Eagle Lake ######## Both TRUE
2057 22:46.5 6 2 38.7461 -119.779 #i###H#H# Yes Yes Indian Cre South Tahoe Public U No Alpine Warning Indian Cre ######## Both TRUE
2058 15:34.8 8 36 34.07283 -117.59 8/1/2019 No Yes Cucamonga-Guasti Rt San Berna No County Pa None Cucamong 8/1/2019 Observatic TRUE
2059 38:13.2 6 9 38.92889 -120.009 8/2/2019 Yes Yes Tahoe Key Tahoe Tahoe No 8/20/19: CAUTION Tahoe Key ####it### Both TRUE
2060 06:18.5 4 19 34.09191 -117.795 8/3/2019 No Yes Puddingst: Unknown No 8/29/19: Caution - | Puddingst: ######## both TRUE
2062 57:55.5 8 36 34.09889 -116.998 HH#H##HHH#H# No Yes Mill Creek Unknown No 8/30/19: CAUTION - Mill Creek ####i#### both TRUE
2063 #iutH#HE  49:54.6 5 31 38.86377 -121.058 #i##i#H## No Yes North Forl CA Depart CA Depart No 09/04/20 Caution - | North Forl ######## Observatic TRUE
2066 37:19.7 2 7 38.02631 -122.138 ####i### No Yes Martinez Marina No 8/22/19: F Caution - | Martinez I ######## Observatic ~TRUE
2070 #i#H###E  47:29.5 5 3 38.44136 -120.918 8/1/2019 No Yes Lake (privi Willow Cr¢ Willow Cr¢ Willow Cre Yes 08/28/19: Caution -t Willow Cre 8/1/2019 Observatic TRUE
2071 57:41.7 6 31 HEHHHHIE Yes Yes North Lake Tahoe, Kii CA State P No On CAUTION North Lake #i##it#it## Both TRUE
2074 #uuu####t  53:05.4 7 59 33.20169 -115.597 ##HHi#Hi#H No No wetland c« Salton Sea JPA/ US Fi na No 7/29/19: r none Salton Sea #it## yes TRUE
2081 #uuH#  10:21.5 5 34 38.42915 -121.385 9/1/2019 No No man-made Laguna Cre Cosumnes Cosumnes No 11/26/19 Caution Laguna Cri ######## Observatic TRUE
2085 41:11.5 1 23 39.37502 -123.063 ######H No Yes Eel River at Trout Creek Campgr¢ Yes Novembe NONE Eel River,  9/6/2019 Both TRUE
2086 #H#H#HAH#H  01:25.6 7 59 33.50421 -115.918 9/4/2019 Yes No Inland Lak Salton Sea JPA na No TOXIN CAUTION Salton Sea 9/5/2019 yes TRUE
2087 #iuH##HE  05:27.1 7 59 33.34531 -115.73 9/4/2019 No No Inland Lak Salton Sea JPA na No TOXIN CAUTION Bombay B 9/5/2019 Analytical ~ TRUE
2088 #H#H#HAHR  09:18.8 7 59 33.17461 -115.641 9/4/2019 No No Inland lak« Salton Sea JPA na No TOXIN CAUTION Salton Sea 9/5/2019 Analytical ~ TRUE
2089 #iuHHH  14:54.4 7 59 33.32883 -115.938 9/4/2019 No No Inland lak« Salton Sea JPA na No TOXIN CAUTION West Shor 9/5/2019 yes TRUE
2090 #H#H#HA#R  23:10.2 7 59 33.40385 -116.036 9/4/2019 Yes No Inland Lak Salton Sea JPA na No TOXIN CAUTION Desert Shc 9/5/2019 Analytical ~ TRUE
2091 #iu##HE  45:36.2 5 45 40.6538 -122.6 #HH#H#H#HEHE Yes No Gulch Grizzly Gul National P National P Yes 12/10/20 None Grizzly Gul #####i## Observatic TRUE
2092 Huu#H###  55:39.9 5 45 40.62306  -122.53 ####H#HH#H#E Yes No Pond Pond 2 Bureau of National P Yes 11/06/20 None Whiskeytc #it###### Observatic TRUE
2093 #iutH#HE  46:46.5 5 18 40.33654 -121.209 #i#####H#E Yes No Lake Last Chanc USFS and  USFS and | Yes 10/22/20 None Last Chanc ######## Observatic  TRUE
2094 #HuHuH#E  22:07.6 5 45 41.10024 -121.412 #i###### No Yes Lake Rat Farm E Pacific Gas Pacific Gas Yes 12/10/20 None Rat Farm b ######## Both TRUE
2095 28:08.1 1 49 38.45676 -122.654 9/6/2019 Yes Yes Spring Lake Sonoma C Yes 1/8/2020 None Spring Lak 9/6/2019 Observatic ~TRUE
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Ralphine Lake City of Sar Yes
Star Lake near Tahoe Lake Taho No
Rincon Valley Commu City of Sar Yes
Lake Tahoe, Tallac Hi: US Forest No
Oso Flaco Lake CA State P No
Bridgepori Walker River Irrigatio No
Crowley L: Los Angeles Departm: No
Klamath River above Trinity Rive Yes
Isabella Lake, South F Kern Coun No
Pleasant V LA Dept. Water and P No
Diaz Lake Inyo Coun No
Eagle Lake, northern Lassen Cot No

Lake Baron Tahoe Par No
Dardanelles Lake Lake Taho No
Round Lake Lake Taho No

Lake Orovi Dept. Wat State Park Yes
Combie La Nevada Irr Nevada Cc Yes
Lake Nato California California Yes
Lake Chab none Greater Vi No
Lake Brittc State Park State Park Yes
El Dorado Regional P: City of Lor No
Stevens Lake Bureau of No
Prado Lake County of Yes
Manteca L Oakwood Oakwood No
Mystic Lak CA Dept. of Fish and ' No
Wister Wil CDFW No
Upper Blu Lake Coun Lake Coun No
Cameron | Cameron | Cameron | No
Clear Lake Lake Coun Lake Coun No
Clear Lake Big Valley Big Valley No
Clear Lake Lake Coun Lake Coun No
Clear Lake Lake Coun Lake Coun No
Clear Lake Lake Coun Lake Coun No
Clear Lake Lake Coun Lake Coun No
Clear Lake Lake Coun Lake Coun No
Clear Lake Lake Coun Lake Coun No
Blue Lakes Lake Coun Lake Coun Yes
Big Break | East Bay R East Bay R No
Quarry Lal East Bay R East Bay R No
Lake Anza East Bay R East Bay R No
Lake Chab East Bay R East Bay R No
Lake Teme East Bay R East Bay R No
Lake Gregory San Berna No
Indian Cre South Tahoe Public U No
Stone Lagc Humboldt CA Dept. No
Big Lagoor Humboldt CA Dept. No
Wister Wil CA Dept. of Fish and ' No
Mission Bay; near Catamaran Hc Yes
Lake Elsinc City of Elsi City of Elsi No
Lake Elsinc City of Elsi City of Elsi No
Lake Elsinc City of Elsi City of Elsi No
Lake San Antonio CA Parks C No

Lake and F Lake Isabe Kern Coun Kern Coun No
Lake and F Lake Isabe Kern Coun Kern Coun No
Lake and F Lake Isabe Kern Coun Kern Coun No
Lake and F Lake Isabe Kern Coun Kern Coun No
Lake and F Lake Isabe Kern Coun Kern Coun No
Lake and F Lake Isabe Kern Coun Kern Coun No
Lake and F Lake Isabe Kern Coun Kern Coun No
Lake and F Lake Isabe Kern Coun Kern Coun No
Lake and F Lake Isabe Kern Coun Kern Coun No

Lake
Lake
Lake
Lake
Lake
Lake
Lake

Lake Isabe Kern Coun Kern Coun No
Lake Isabe Kern Coun Kern Coun No
Lake Webl Kern Coun Kern Coun No
Lake Webl Kern Coun Kern Coun No
Lake Webl Kern Coun Kern Coun No
Lake Evan: Kern Coun Kern Coun No
Lake Evan: Kern Coun Kern Coun No

Lake and F Hensley Le US Army C US Army C No
Lake and f Hensley Le US Army C US Army C No

Lake
Lake
Lake
Lake
Lake
Lake
Lake
Lake
Lake

Lindo Lake Lindo Lake County Pa No
Lake Hens Vista Irrigation Distric Yes
Weist Lake Imperial C Imperial C No
Lake Isabe Kern Coun Kern Coun No
Lake Isabe Kern Coun Kern Coun No
Lake Isabe Kern Coun Kern Coun No
Lake Isabe Kern Coun Kern Coun No
Lake Isabe Kern Coun Kern Coun No
Lake Isabe Kern Coun Kern Coun No
Lake Del V Departme East Bay R No
Arboretun UC Davis Arboretum i No

1/8/2020 None
On 9/3/19 None
1/8/2020 None
On 8/22/1 Caution
8/30/19: Caution
8/21/19: F WARNING Bridgepor! ######## Both
8/26/19: F CAUTION - Crowley L: ######## both
11/26/20 NONE

9/6/19:

DANGER

9/4/19: In CAUTION
9/11/19: | None
In August CAUTION
0On 9/3/19 None

UPDATE
UPDATE

The

09-23-

09-18-

4/3/2020
11/06/20
11/15/20
11/1/19:
12/12/20
11/06/201 Caution Re

CAUTION
CAUTION
None
None
None

Ralphine L 9/6/2019 Both
Star Lake, 9/3/2019 Both
Rincon Val ######i### Observatic
Lake Taho ######## Both
Oso Flaco #i###### both

Klamath R ######## both
Isabella La 9/6/2019 Both
Pleasant V ######## Both
Diaz Lake 9/4/2019 both
Eagle Lake 8/1/2019 Observatic
Lake Baror 9/3/2019 Both
Dardanellc 9/4/2019 Both
Round Lak 9/4/2019 Both
Lake Orovi ######## Observatic
Pond 3 ab ######H## Observatic
Willow Cre ######## Observatic

Caution (p Lake Chab ######## Visual

None
NONE
CAUTION
None

On 11/23/ CAUTION

12/10/20
12/18/20
UPDATE:
The Big
The Big
The Big
The Big
The Big
The Big
The Big
The Big
The Big
East Bay
The lake
Caution
Recreatio
Closed to

CAUTION
Caution
None
None
None
None
None
None
Caution
None
None
None
none
DANGER
CAUTION
Caution
None

The lake re DANGER

Alpine

Warning

1/10/202C Warning
1/10/202C warning

1/15/202
1/22/202
3/25/202
3/25/202
3/25/202
1/27/202

Kern
Kern
Kern
Kern
Kern
Kern
Kern
Kern
Kern
Kern
Kern
Kern
Kern
Kern
Kern
Kern

02/05/20
02/05/20
Follow up
3/4/20:

3/17/202

Kern
Kern
Kern
Kern
Kern
Kern
On

Caution
None
CAUTION
CAUTION
CAUTION
Caution
None
Caution
Caution
Caution
None
None
None
None
None
Caution
None
None
None
None
None
None

Caution A
Caution A«

Warning
None
None
None
None
Caution
None
None
None
Caution

10/02/20 None

Lake Brittc ######## Both

El Dorado #####i## Analytical
Stevens La ######## Both
Prado Lake ##f###i# Both
Manteca L ######## Observatic
San Jacint #####i## Observatic
Wister Un #it###### Suspected
(Upper) Bl ###t Observatic
Cameron | 1/1/2020 Observatic
Clear Lake 1/7/2020 Analytical
Clear Lake 1/7/2020 Analytical
Clear Lake 1/7/2020 Analytical
Clear Lake 1/7/2020 Analytical
Clear Lake 1/7/2020 Analytical
Clear Lake #it###### Analytical
Clear Lake 1/7/2020 Analytical
Clear Lake 1/7/2020 Analytical
Blue Lakes 1/7/2020 Analytical
Big Break | 4/1/2020 Observatic
Quarry Lal 4/2/2020 Analytical
Lake Anza ######### Analytical
Lake Chab ######## Analytical
Lake Teme 4/3/2020 Analytical
Lake Greg: ######## Analytical
Indian Cre ######## Analytical
Stone Lage #it#i### Both

Big Lagoor #####i### Both
Wister Wil ###it#it## Both
Northern 1 ######## Observatic
Lake Elsinc #######i# Both

Lake Elsinc ######## Both

Lake Elsinc ######### Both

Lake San £ ######## Observatic
Lake Isabe 3/3/2020 None
Lake Isabe 3/3/2020 None
Lake Isabe 3/3/2020 Analytical
Lake Isabe 3/3/2020 None
Lake Isabe 3/3/2020 None
Lake Isabe 2/4/2020 None
Lake Isabe 3/3/2020 None
Lake Isabe 2/4/2020 None
Lake Isabe 2/4/2020 None
Lake Isabe 3/3/2020 None
Lake Isabe 2/4/2020 None
Lake Webl 1/7/2020 None
Lake Webl 1/7/2020 None
Lake Webl 1/7/2020 None
Lake Evan: 1/7/2020 None
Lake Evan: 1/7/2020 None
Hensley Lz 2/5/2020 Observatic
Hensley Le 2/5/2020 Observatic
Lindo Lake 2/7/2020

Lake Hens 3/5/2020 Both
Wiest Lake ####### Analytical
Lake Isabe 3/3/2020 Analytical
Lake Isabe 3/3/2020 Analytical
Lake Isabe 3/3/2020 Analytical
Lake Isabella, Tillie Creek Campg
Lake Isabella, Camp Nine South
Lake Isabe 2/4/2020

Lake Del V 3/9/2020 Both

UC Davis, . 9/5/2019 Both

TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
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Spencer Kenner (SBN 148930)

James E. Mizell (SBN 232698)
DEPARTMENT OF WATER RESOURCES
Office of the Chief Counsel

1416 9" St.

Sacramento, CA 95814

Telephone: +1 916 653 5966

E-mail:  jmizell@water.ca.gov

Attorneys for California Department of Water
Resources

BEFORE THE
CALIFORNIA STATE WATER RESOURCES CONTROL BOARD

HEARING IN THE MATTER OF CALIFORNIA TESTIMONY OF MICHAEL BRYAN
DEPARTMENT OF WATER RESOURCES (EXHIBIT DWR-81)

AND UNITED STATES BUREAU OF
RECLAMATION REQUEST FOR A CHANGE
IN POINT OF DIVERSION FOR CALIFORNIA
WATER FIX

I, Michael Bryan, do hereby declare:
l. INTRODUCTION

| am a Principal Scientist and Managing Partner at Robertson-Bryan, Inc. (RBI). |
received a Bachelor of Science degree in Fisheries Biology from the University of
Wisconsin-Stevens Point in 1986, a Master of Science degree in Fisheries Biology from
lowa State University in 1989, and a Doctor of Philosophy degree in Toxicology and
Fisheries Biology from lowa State University in 1993. | have 23 years of experience in
assessing impacts of water resource projects on water quality and aquatic biological
resources in California. My expertise includes assessing measured and modeled data
developed to characterize the environmental effects of projects for determining impacts to
beneficial uses of waters throughout northern California, with a focus on Central Valley
water bodies from Shasta Reservoir to the Sacramento-San Joaquin River Delta (Delta).

For the California WaterFix (CWF), | led a team of scientists and engineers at RBI in

the preparation of the Water Quality Chapter of the Bay Delta Conservation Plan (BDCP)
1
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Draft Environmental Impact Report/Environmental Impact Statement (EIR/EIS),
BDCP/CWF Recirculated Draft Environmental Impact Report/Supplemental Draft
Environmental Impact Statement (RDEIR/SDEIS), and Final EIR/EIS.
I. SUMMARY OF TESTIMONY
This testimony has been prepared to rebut certain aspects of testimony provide by
other parties regarding the CWF effects on water quality of the lower Sacramento River,
lower American River, and Delta. Specifically, my testimony addresses the following
topics, in the order listed:
1. Harmful algal blooms (HABS), disinfection byproduct formation and dissolved
metals in the lower Sacramento River and lower American River at the City of
Sacramento water treatment plant (WTP) intakes.
2. HABs in the Delta
3. Water quality and HABs at the City of Stockton’s water treatment plant intake
location on the San Joaquin River
| have prepared three technical reports, one for each of the three topics enumerated
above, that: 1) identify the specific testimony by other parties being addressed by this
rebuttal testimony, and 2) provide in-depth analyses pertaining to the three topics listed
above to support my opinions set forth in this testimony (included in DWR’s case as
Exhibits DWR-651, DWR-652, and DWR-653).> Those reports are incorporated into this
testimony.
II. REBUTTAL OF TESTIMONY REGARDING CWF EFFECTS AT THE CITY OF
SACRAMENTO WTPS
This section of my testimony addresses lower Sacramento River and lower
American River water quality at the City of Sacramento water treatment plant (WTP)

intakes pertaining to the following, in the order listed:

! Exhibits DWR-651, DWR-652 and DWR-653 are true and correct copies of the reports | prepared
for this rebuttal testimony.
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e Harmful algal blooms (HABs) at the: (1) Sacramento River WTP intake, and (2) E.A
Fairbairn WTP intake;
e Disinfection byproduct formation potential at the WTPs; and
e Levels of dissolved metals in diverted river water.
A. Effects of the CWF on HABs and their Impacts to the Sacramento River
WTP
Testimony on behalf of the City of Sacramento provided by Ms. Bonny Starr and Ms.
Pravani Vandeyar stated that the CWF could cause increased HABs in the lower
Sacramento River at the Sacramento River WTP intake due to lower flows, velocities,
increased water column stability and residence times; and increased water temperatures.?
When using the term HABs this rebuttal testimony is referring to cyanobacteria blooms, and
primarily the genera Microsystis. The HABs that have been documented in the Delta and
rivers upstream of the Delta are primarily comprised of Microcystis aeruginosa. Other
pelagic cyanobacteria including Aphanizomenon spp., Anabaena spp. (recently renamed
Dolichospermum) and Oscillatoria have also been detected in the region, although
generally to a lesser extent than Microcystis aeruginosa. This testimony focuses principally
upon Microcystis because, as stated above, it is the primary species in the Delta and has
received the most study. Because the HABs addressed by this testimony are those
associated with cyanobacteria, this testimony, and its supporting technical reports, use the
terms HABs, cyanoHABSs, and cyanobacteria synonymously.
The following separately discusses CWF effects on flow velocities and temperature
in the Sacramento River. In my testimony, | utilize velocity (ft/s) rather than flow (cfs) as a
more informative way to assess the hydrodynamic conditions necessary for HABs, which |
explain further below. River velocity determines the magnitude of turbulent flow and thus
mixing that occurs within a channel. This physical mixing of water throughout the water

column physically disrupts water column stability, generates in-channel turbidity, and

% See Exhibits CITYSAC-6, CITYSAC-8, CITYSAC-10, CITYSAC-29, and CITYSAC-30.

3

TESTIMONY OF MICHAEL BRYAN






© 00 ~N o o b~ w NP

S T N N N O T N T N T N S e N N I S e =
©® N o U B~ W N P O © O N o o~ W N L O

disrupts Microcystis’ ability (and Anabaena’s ability) to control its location in the water
column and to form mats of dense colonies/filaments at the surface of the water, thereby
out-competing other algae. Channel velocity also dictates residence time within a channel
reach because velocities dictate the flushing rate for the reach. In the lower Sacramento
and American rivers, velocities are typically relatively high and constant in a downstream
direction, and thus flushing rates are high and residence time is low. Hence, to assess the
effects of flow changes caused by the CWF on cyanobacteria, this assessment evaluates
channel velocity because velocity is the primary driver of channel turbulence and mixing, in-
channel generated turbidity, and residence time — all of which can affect cyanobacteria and
its ability to produce blooms. It should be noted, however, that numerous factors interact in
a complex manner to determine whether a Microcystis bloom would occur at a given
location and, once initiated, the size and duration of the bloom. At any given site, these
include the abiotic factors of channel velocity, turbulence and mixing; water column
irradiance; nutrient levels; and water temperature; and the biotic factors of competition with
other algae and grazing by zooplankton. Consequently, decreased channel velocity and
associated increased residence time at a site does not always translate into increased
bloom occurrence or duration at the site, even where Microcystis is present.

Opinion #1

The effects of the CWF on lower Sacramento River flow velocity and water
temperatures would not be sufficient to change the frequency or magnitude of
cyanobacteria blooms that could potentially occur in the river upstream of the
Sacramento WTP intake, relative to the NAA.

This opinion and following testimony is supported by analysis presented in Section 3
of my technical report, Report on the Effects of the California WaterFix on HABS,
Disinfection Byproducts, Organic Carbon and Metals at the City of Sacramento Water
Treatment Plant Intake Locations on the Lower Sacramento and American Rivers [Exhibit

DWR-651].

4

TESTIMONY OF MICHAEL BRYAN






© 00 ~N o o b~ w NP

S T N N N O T N T N T N S e N N I S e =
©® N o U B~ W N P O © O N o o~ W N L O

1. flow and residence time effects

Based on scientific information regarding flow velocity and Microcystis blooms, lower
Sacramento River daily maximum and 15-minute velocities for the period modeled for the
CWF and the NAA were evaluated to determine effects of the CWF on river flow velocity
upstream of the Sacramento River WTP intake, and velocity-related effects on Microcystis
and other cyanobacteria blooms. The velocities are from the Delta Simulation Model Il
(DSM2) modeling that was conducted in support of DWR’s water right petition and case-in-
chief for Alternative 4A, operations scenarios 4A-H3 and 4A-H4 (called 4A-H3 and 4A-H4
herein), and Boundary 1 and Boundary 2 scenarios. Exceedance plots of modeled daily
maximum and 15-minute time-step velocities for the modeled period (water years 1976—
1991) for the months May through October were prepared. The months May through
October are the focus of this analysis because this is the period of the year when water
temperatures were modeled to be above 19°C (66.2°F), which is the temperature above
which Microcystis blooms have been observed in nearby Delta waters. In order to assess
the effect of changes in velocity, | completed a literature search and found that the
magnitude of water velocity required to disrupt Microcystis blooms varies by system, but
has been reported in the scientific literature to be in the range of 0.1 to 1.3 ft/s. Turbulent
water mixes all algae throughout the photic zone of the water column, inhibits the ability of
cyanobacteria to control their position in the water column, and reduces light through
turbidity. Velocities in the 0.2 to 1.0 ft/s range have been shown in studies to disrupt
Microcystis blooms and shift the dominant phytoplankton species to green algae and
diatoms.

The following summarizes the modeled velocity changes for these months [see
Exhibit DWR-651 Section 3.2.1]:

e May and June: The frequency with which any given river velocity would occur for 4A-

H3, 4A-H4, Boundary 1, and Boundary 2 would typically be similar to or greater than

that for the NAA, particularly when flow velocities are less than 1.0 ft/s. The range of
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velocities modeled to occur would be about the same for the CWF scenarios and the
NAA.

July: Daily maximum and 15-minute velocities for 4A-H3, 4A-H4, Boundary 1, and
Boundary 2 would occasionally be lower than that for the NAA, but daily maximum
velocity would range between about 1.0 ft/s and 2.25 ft/s for all five alternatives at all
times. The frequency with which any given velocity in the river would occur would
not differ substantially (i.e., less than 10%) for the CWF scenarios, relative to the
NAA, and the range of velocities modeled to occur would be the same for the CWF
scenarios and the NAA.

August: The frequency with which daily maximum and 15-minute river velocities
would be at levels below 1.25 ft/s for the CWF would be similar to or lesser than that
for the NAA. Hence, when river velocities are at their lowest during August, the CWF
would more frequently be at higher velocities compared to velocities for the NAA.

September and October: Daily maximum river velocities below 1.0 ft/s would occur

about 30% of the time for the NAA, and would be below this level a similar or lesser
percentage of the time for 4A-H3, 4A-H4, Boundary 1, and Boundary 2. The
remaining 70% of the time, daily maximum velocity would be greater than 1.0 ft/s for
all five alternatives. The frequency with which any given velocity in the river less than
0.75 ft/s would occur would not differ substantially (i.e., less than 10% in September
and less than 5% in October) for the CWF scenarios, relative to the NAA, and the
range of velocities modeled to occur would be similar for the CWF scenarios and the
NAA, differing only slightly on the high end of the velocity range. The frequency with
which the lowest velocities would occur would be about the same for all five
scenarios, with Boundary 2 having the lowest frequency of low velocities among the

five scenarios in September.

The lower Sacramento River has not had a history of cyanoHABSs largely because of the

river’s turbulent flows, turbidity, and temperatures. The CWF would maintain sufficiently
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high channel velocities to result in turbulent, well mixed flows in the lower Sacramento
River channel and thus would not increase the frequency or magnitude of cyanoHABS in
the river near and upstream of the Sacramento River WTP due to increased water column
stability as claimed by Ms. Starr and Ms. Vandeyar in their testimony. Based on my
assessment of best available information from both modeling of the CWF and the scientific
literature pertaining to the effects of river velocity on cyanobacteria, | conclude that the
CWF would not alter channel velocities in the lower Sacramento River channel upstream of
the Sacramento WTP by frequency and magnitude that would result in more frequent or
greater magnitude cyanobacteria blooms in the river than would otherwise occur under the

NAA.

2. temperature effects

My analysis of temperature effects of the CWF on lower Sacramento River
temperature is based on modeled temperature at Knights Landing (RM 90), which is the
location closest to the Sacramento River WTP for which temperature modeling output is
available. The period of the year when river temperatures at Knights Landing would be
above the 19°C (66.2°F) — the threshold temperature above which we see Microcystis
blooms in the region — is May through October. For the rest of the year, river temperatures
upstream of the Sacramento River WTP would be too cold for both the CWF and the NAA
to support cyanobacteria blooms. Each month of the May through October period was
analyzed based on mean monthly temperature data output from the Bureau of
Reclamation’s lower Sacramento River temperature model for the 82-year (1922—-2003)
hydrologic period of record. My analyses performed used tables of period and water year
type mean temperatures and probability exceedance plots for the CWF and the NAA for the
entire simulation period and for each water year type separately.

My conclusions from this analysis [See Exhibit DWR-651, Section 3.2.1.] are that the
CWF would not adversely affect (via its effects on river temperatures) the frequency or

magnitude of cyanobacteria blooms that could potentially occur in the lower Sacramento
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River, upstream of the Sacramento River WTP because the CWF would not affect river
temperatures, relative to the NAA, sufficiently to have an effect. In general, cyanobacteria
blooms of any magnitude have rarely occurred in the lower Sacramento River upstream of
the Sacramento River WTP, primarily because the river velocity is too high and mixing too
great to enable cyanobacteria to outcompete diatoms and green algae. In the event that a
cyanobacteria bloom were to occur in the future in the river, upstream of the Sacramento
River WTP, the frequency and magnitude of temperature effects of the CWF, relative to the
NAA, would not make the bloom sufficiently worse such that it would cause an adverse
impact to the City of Sacramento in operating its Sacramento River WTP where such
impact would not occur for the NAA scenario. In other words, in the event that a
cyanobacteria bloom were to occur in the river, it would occur in a similar manner (i.e.,
magnitude and duration) whether the river experiences the water temperatures modeled for

the CWF or those modeled for the NAA scenario.

B. Effects of the CWF on Harmful Algal Blooms and their Impacts to the E.A.
Fairbairn Water Treatment Plant

Testimony on behalf of the City of Sacramento by Bonny Starr and Pravani
Vandeyar stated that the CWF could cause increased HABs in the lower American River at
the E.A. Fairbairn Water Treatment Plant due to lower flows and resulting increased water
column stability and residence times, and increased water temperatures.®

Opinion #2

The effects of the CWF on lower American River flows (and associated
channel turbulence, mixing, and residence time) and water temperatures would not
be sufficient to substantially change the frequency or magnitude of cyanobacteria
blooms that could potentially occur in the river upstream of the E.A. Fairbairn WTP

intake, relative to the NAA.

% See Exhibits CITYSAC-6, CITYSAC-8, CITYSAC-10, CITYSAC-29, and CITYSAC-30.
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This opinion and following testimony is supported by analysis presented in DWR-

651, Section 3.

1. flow effects

The effects of the CWF on lower American River flow velocity could not be directly
evaluated in the same manner as was done above for the lower Sacramento River because
DSM2 does not include the lower American River within its modeled domain and CalSim II
does not output river velocity data. Thus, the potential for the CWF to affect flow velocity
was evaluated using CalSim Il modeling output for Nimbus Dam flow releases. | provide an
assessment of the flow-related effects of the CWF in the lower American River, relative to
the NAA, and discuss whether such modeled flow effects are expected to be sufficiently
large to encourage cyanobacteria blooms within the river, when such blooms would not
otherwise occur for the NAA.

Because the swift-moving, turbulent, non-stratified flowing waters of the lower
American River have historically prevented problem-level cyanobacteria blooms from
forming in the river, this is also generally expected to be the case in the future, even if flows
for the CWF are somewhat lower than those that would occur for the NAA. Only the lower
flow conditions that the lower American River may experience could potentially provide
hydrodynamic conditions, in some areas of the river, which may allow cyanobacteria
blooms to occur. As such, my assessment focused on differences in flows between the
CWF and the NAA when flow below Nimbus Dam was modeled to be below 1,000 cfs — a
relatively low May-October flow condition for this river. | assessed the May through
October period of the year when temperature conditions for cyanobacteria blooms are met.

Modeling results indicate that the CWF is not expected to alter lower American River
flows in wet, above normal, and below normal years in a manner that would reduce channel
turbulence and mixing and increase water column stability and residence times sufficiently
to change the potential for cyanobacteria blooms in the river, relative to the NAA.

Moreover, this is typically the case in dry and critical years as well. However, the CWF
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could result in lower American River flows below 1,000 cfs in dry and critical water years
more often than would occur for the NAA.

With the CWF, the frequency with which flows below Nimbus Dam would be below
1,000 cfs during the months May through October of dry and critical years would be about
the same in eight of the twelve cases (6 months x 2 water year types = 12 cases), would be
5-10% more frequent in three cases (June of critical years, July of dry years, and October
of dry years), and would be 10% less frequent in October of critical years. Modeled flows
were below 500 cfs more often in June, August, and September for the CWF, relative to the
NAA. The lowest Nimbus release flow modeled for the CWF and the NAA was the same for
each month of the May through October period for both dry and critical years.

It is uncertain whether the modeled flow reductions with the CWF would reduce
channel turbulence and mixing and increase water column stability and residence time
sufficiently to encourage establishment of cyanobacteria within areas of the river notably
beyond that which would occur for the NAA scenario. This is, in part, because the flow
reductions for the CWF under low-flow river conditions, relative to the NAA, are generally
small. In addition, it remains unclear how the other key drivers of cyanobacteria blooms
(i.e., water temperature, water column irradiance, and nutrients) and competition with other
members of the phytoplankton community interact with channel hydrodynamic to determine
whether or not blooms will form in the lower American River, where they have not
historically been an issue. Research has shown that cyanobacteria ecology is complex and
that reduced flows on the order modeled for the lower American River for the CWF, relative
to the NAA, do not necessarily indicate that cyanobacteria presence in the river would differ
between the CWF and the NAA scenarios. Consequently, based available flow modeling
and scientific studies on cyanobacteria and the factors that drive their blooms, and the fact
that the lower American River is a riverine environment where cyanoHABs have not
historically occurred at problem levels, | conclude that any changes in the frequency or

magnitude of cyanobacteria blooms that could potentially occur in the lower American River
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for the CWF due to changed hydrodynamics would not be substantial and would be

expected to differ minimally, if at all, to that which would occur for the NAA.

2. temperature effects

The E.A. Fairbairn WTP is located on the lower American River at river mile (RM)
7.3. To determine the effects of the CWF on lower American River temperatures in the
vicinity of the E.A. Fairbairn WTP, modeling output included in the CWF Biological
Assessment for the lower American River at Watt Avenue (RM 9.4) was used. The period
of the year when river temperatures at Watt Avenue would be above the 19°C (66.2°F) —
the threshold temperature above which we see Microcystis blooms in the region — is May
through October, and thus the assessment was limited to these months of the year.

Each month of the May through October period was analyzed based on mean
monthly temperature data output from Reclamation’s lower American River temperature
model for the 82-year (1922—-2003) hydrologic period of record. My analyses performed
used tables of period mean temperatures and probability exceedance plots for the CWF
and the NAA for the entire simulation period, and for each water year type separately. My
conclusions from this analysis are that the CWF would not adversely affect (via its effects
on river temperatures) the frequency or magnitude of cyanobacteria blooms that could
potentially occur in the lower American River, upstream of the E.A. Fairbairn WTP because
the CWF would not affect river temperatures, relative to the NAA, sufficiently to have a
notable effect. In the event that a cyanobacteria bloom were to occur in the future,
upstream of the E.A. Fairbairn WTP, the frequency and magnitude of temperature effects of
the CWF, relative to the NAA, would not make the bloom sufficiently worse such that it
would cause an adverse impact to the City of Sacramento in operating its E.A. Fairbairn
WTP where such impact would not occur for the NAA scenario. In other words, in the
event that a cyanobacteria bloom was to occur in the lower river, it would occur in a similar
manner (i.e., magnitude and duration) whether the river experiences the temperatures

modeled for the CWF or those modeled for the NAA scenario.
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C. Effects of the CWF on Disinfection Byproducts at the City of Sacramento
WTPs

Ms. Starr's and Ms. Vandeyar’s testimony asserts that disinfection byproduct (DBP)
formation at City of Sacramento WTPs may increase due to increased river temperatures
caused by the CWF. Their testimony also asserts that DBP may increase due to increases
in organic carbon in the rivers.*

Opinion #3

The CWF would not cause changes in temperature or organic carbon in the
lower Sacramento River or lower American River of frequency and magnitude that
would cause substantial adverse impacts to DBP formation potential at the City’s
WTPs.

This opinion and following testimony is supported by analysis presented in DWR-

651, Section 4.

1. temperature effects

Based on the hydrologic period of record modeled for temperature (water years
1922-2003), the annual average temperature of the Sacramento River at Knights Landing
ranged from 58.0°F to 63.6°F, and the greatest modeled annual average river temperature
increase for the CWF, relative to the NAA, is 0.1°F in the lower Sacramento River near
Knights Landing. The modeled annual average temperature of the American River at Watt
Avenue ranged from 54.3°F to 64.8°F, and the greatest modeled annual average
temperature increase was 0.5°F.

For the highest average annual temperature increase modeled for the lower
Sacramento River at Knights Landing of 0.1°F, the maximum modeled increase in TTHM
concentration is 0.4%. For the highest average annual temperature increase modeled for

the lower American River at Watt Avenue of 0.5°F, the maximum modeled increase in

% See Exhibits CITYSAC-6, CITYSAC-8, CITYSAC-10, CITYSAC-29, and CITYSAC-30.
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TTHM concentration is 1.6%. A 1.6% increase corresponds to a 0.5 pg/L increase when the
TTHM concentration is low (e.g., 30 pg/L) and a 1 pg/L increase when the TTHM
concentration is high (e.g., 75 pg/L). Based upon a four quarter running annual average,
the TTHM concentration measured in finished drinking water at the City of Sacramento
WTPs were reported by the City to be 57 pg/L, 63 pg/L, 73 pg/L, and 74 pg/L in 2012,
2013, 2014, and 2015. Hence, annual average TTHM concentrations at the City’s WTPs
vary from year to year by an order of magnitude more than the predicted maximum

incremental TTHM increase due to CWF-related river temperature changes.

2. Organic Carbon Effects

Concerns raised by the other parties regarding organic carbon effects of the CWF
were related to effects of cyanobacteria on organic carbon levels in the rivers and effects of
reservoir storage on organic carbon levels in the rivers. As described above, because
cyanobacteria bloom frequency and magnitude in the lower Sacramento and lower
American river are not anticipated to change substantially, if at all, between the CWF and
the NAA, the effect of cyanobacteria on organic carbon levels in the river and its effect, in
turn, on WTP DBP production also would not differ substantially, if at all, between the CWF
and the NAA.

Regarding reservoir storage, analysis of organic carbon concentrations for the lower
Sacramento River and lower American River relative to end-of-month storage for Shasta
Reservoir and Folsom Reservoir, respectively, showed that there is no correlation between
dissolved organic carbon (DOC) in the rivers and storage level in the upstream reservoir.
Also, the additional amount of exposed shoreline that would occur from reduced Folsom
Reservoir storage modeled for CWF for fall months would constitute <0.01% of the overall
watershed and, therefore, would result in insignificant differences in first-flush storm effects
(solids, microbial, and organic content) to the downstream source water. Therefore, the
discharge from reservoirs having somewhat lower summer and fall storage for the CWF,
relative to the NAA, would not degrade lower Sacramento or lower American river water
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quality with regards to DOC, and thus would not cause increased treatment requirements at

either WTP or an increase in DBP levels in the treated water, based on DOC levels.

D. Effects of the CWF on Dissolved Metals in Water Diverted by the City of
Sacramento

Ms. Starr asserts that the CWF would cause lower reservoir levels that could in turn
cause increased concentration of dissolved metals, which could increase treatment
requirements at the City of Sacramento WTPs.

Opinion #4

The discharge from reservoirs having somewhat lower summer and fall
storage for the CWF, relative to the NAA, would not cause increased dissolved
metals in the rivers below the reservoirs and thus would not cause additional
treatment requirements at either WTP, based on river dissolved metals levels.

This opinion and following testimony is supported by analysis presented in DWR-
651, Section 5.

Dissolved iron and manganese concentrations measured in the Sacramento River at
Balls Ferry were plotted against end-of-month Shasta Reservoir storage for 2004-2016
(this was the period when these metals were measured regularly using modern analytical
methods). Lower reservoir storage is not correlated with increased dissolved metals
concentrations in the river. In fact, weak positive correlations are apparent—meaning that,
lower Shasta Reservoir storage might be correlated with lower dissolved metals
concentrations in the lower Sacramento River. This analysis could not be conducted for
dissolved metals in the lower American River, because there was insufficient data for
metals in the lower American River to develop a correlation between Folsom Reservoir
storage and dissolved metal concentrations. Nevertheless, | would expect similar
relationships for the lower American River and Folsom Reservoir storage as shown for the

lower Sacramento River and Shasta storage.
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Il. REBUTTAL OF TESTIMONY REGARDING THE EFFECTS OF THE CWF ON
HARMFUL ALGAL BLOOMS IN THE DELTA
This section of my testimony addresses the effects of the CWF on HABs in the Delta
as affected by the following, in the order listed:
e Flow effects;
e Residence time effects;
e Temperature effects;
e Turbidity effects; and
¢ Nutrient effects.

This following testimony is supported by analysis presented in my technical report,
Report on the Effects of the California WaterFix on Harmful Algal Blooms in the Delta
[Exhibit DWR-653].

A. Flow Effects

Testimony by other parties, including Mr. Erik Ringelberg on behalf of San Joaquin
County, assert that the CWF would increase HABs in the Delta due to decreased flows.®

Opinion #5

Although Microcystis blooms are expected to occur at certain Delta locations
in the future, as they have historically, channel velocities at various Delta locations
would not be altered to a degree that would make hydrodynamic conditions
substantially more conducive to Microcystis blooms for the CWF, relative to that
which would occur for the NAA.

This opinion and following testimony is supported by analysis presented in DWR-
653, Section 4.2,

As stated above and restated here, numerous factors interact in a complex manner

to determine whether a Microcystis bloom would occur at a given location and, once

> Exhibit SJC-004, and see more generally Janet McCleary [SCDA-62-errata], Frank Morgan
[SCDA-61-errata], Michael Broadsky [SCDA-60-errata], Tom Burke [SCDA-35; SDWA-76], Tim
Stroshane [RTD-10-rev2], Barbara Barrigan-Parrilla [RTD-20] and Fred Lee [CSPA-6-Revised].
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initiated, the size and duration of the bloom. At any given site in the Delta, these include the
abiotic factors of channel velocity, turbulence and mixing; water column irradiance; nutrient
levels; and water temperature and the biotic factors of competition with other algae and
grazing by zooplankton, fish, and clams. Consequently, changes in channel velocity and
associated increased residence time or simply long residence time at a site does not
always translate to increased bloom frequency, size or duration at the site, even when
Microcystis is present.

My assessment of flow-related effects of the CWF on HABs in the Delta utilized daily
maximum and 15-minute flow velocities modeled by DSM2 for nine (9) Delta locations:
Sacramento River at Freeport and Rio Vista; San Joaquin River at Brandt Bridge, Buckley
Cove, and Antioch; Old River at Tracy Road and Rock Slough; Grant Line Canal; and
Middle River at Bacon Island. The CWF would have minor effects on daily maximum and
15-minute flow channel velocities at these locations, relative to the NAA, and almost no
effect when daily maximum channel velocities are at their lowest. Hence, from a channel
flow and velocity perspective, the CWF would not be expected to affect the frequency or
magnitude of Microcystis blooms in the Delta, relative to that which would occur for the
NAA scenario.

B. Residence Time Effects

Testimony by other parties, including Mr. Erik Ringelberg on behalf of San Joaquin
County and Mr. Burke on behalf of the South Delta Water Agencies asserts the CWF will
increase residence time, which will contribute to increased blooms of nuisance algae, such
as Microcystis.®

Opinion #6
Increased residence time alone does not equate with increased Microcystis

bloom frequency or magnitude. Based on current science, it is uncertain how

® Exhibit SJC-004, and see more generally Janet McCleary [SCDA-62-errata], Frank Morgan
[SCDA-61-errata], Michael Broadsky [SCDA-60-errata], Tom Burke [SCDA-35; SDWA-76], Tim
Stroshane [RTD-10-rev2], Barbara Barrigan-Parrilla [RTD-20] and Fred Lee [CSPA-6-Revised].
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cyanoHABSs, and Microcystis in particular, would react to the CWF-driven changes in

residence time.

This opinion and following testimony is supported by analysis presented in DWR-
653, Section 4.6.

An increase in residence time for a tidally influenced channel reach that maintains
high in-channel velocities (in both directions each day on the tidal cycle) would not be
expected to affect Microcystis in the same manner as a similar increase in residence time
(number of days) in a channel reach where velocities are very low throughout the day, and
thus extended periods of water column stability exists. In addition, residence time changes
between the CWF and the NAA may not occur as modeled because real-time operations
would be used to optimize the balanced use of the north and south Delta diversions.
Channel velocity is the driver of residence time, channel turbulence and mixing (which
affects cyanobacteria competition with other algae), and in-channel derived turbidity.
Because these and other factors (e.g., temperature, irradiance, grazing by zooplankton,
fish, and clams) interact in a complex manner to affect cyanobacteria, increased or long
residence times do not always result in bloom occurrence or increased bloom magnitude.
The relationship between residence time (or increases in residence time at a location) and
the size of Microcystis blooms would be expected to vary substantially by location within
the Delta and by year due to how the factors listed above and other environmental factors
vary temporally and spatially.

C. Temperature Effects

Testimony by Other Parties, including Mr. Erik Ringelberg on behalf of San Joaquin
County, asserts that the CWF would increase Delta water temperature.

Opinion #7

The small differences in water temperature between the CWF and NAA
scenarios modeled for various locations across the Delta would not substantially
increase the frequency or magnitude of cyanobacteria blooms within the Delta.
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This opinion and following testimony is supported by analysis presented in DWR-
653, Section 4.3.

Modeling shows negligible differences in the frequency with which any given
temperature would occur at the nine (9) Delta locations assessed. A key reason the
temperature changes are minor at these locations within the Delta is because by the time
water released from upstream reservoirs reaches the Delta, it is typically at or close to
equilibrium with ambient air temperatures. As such, flow differences between the CWF and
the NAA generally result in minor temperature difference within the Delta. The minor
differences in water temperatures between the CWF and NAA scenarios modeled for the
nine Delta locations assessed would not be expected to affect the frequency or magnitude
of cyanobacteria blooms in these water bodies within the Delta, relative to that which would
occur for the NAA.

D. Turbidity Effects

Testimony by other parties, including Mr. Erik Ringelberg on behalf of San Joaquin
County, asserts the CWF will reduce turbidity, which will allow more light to enter the water
column and cause greater problems with HABs.’

Opinion #8

Any minor change in turbidity that may occur from the CWF would not have a
substantial effect on the frequency or magnitude of HABs in the Delta.

This opinion and following testimony is supported by analysis presented in DWR-
653, Section 4.4,

The daily maximum and 15-minute absolute channel velocities throughout the Delta
for the CWF would differ minimally from that which would occur for the NAA. Because
channel velocities between the CWF and NAA scenarios differ little at the Delta locations

assessed, in-channel, velocity driven turbidity also would be expected to differ little

" Exhibit SJC-004, and see more generally Janet McCleary [SCDA-62-errata], Frank Morgan
[SCDA-61-errata], Michael Broadsky [SCDA-60-errata], Tom Burke [SCDA-35; SDWA-76], Tim
Stroshane [RTD-10-rev2], Barbara Barrigan-Parrilla [RTD-20] and Fred Lee [CSPA-6-Revised].
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between these scenarios. Also, cyanobacteria in the Delta are not light limited during the
period of the year (June—November) when temperatures are warm enough to support
cyanobacteria growth. Because cyanobacteria in the Delta are not light limited, minor
changes in turbidity would not have notable affects on cyanobacteria blooms. Furthermore,
the Final EIR/EIS addressed this point on pages 8-971 through 8-973 and found that
turbidity and total suspended solids changes would not be of sufficient frequency,
magnitude, and geographic extent to result in adverse effects on beneficial uses in the
Delta region, or substantially degrade the quality of water bodies, with regard to turbidity
and total suspended solids.

E. Nutrient Effects
Testimony by other parties, including Mr. Erik Ringelberg and Mr. Burke on behalf of the
South Delta Water Agencies and Mr. Lee on behalf of the California Sports Fishing Alliance
asserts the CWF will increase nutrients in areas of the Delta thereby causing cyanoHABS to
become worse.®

Opinion #9

Relatively small increases in nutrients in portions of the Delta due to the CWF
would not be expected to increase the frequency, magnitude, or duration of
cyanoHAB in the Delta, relative to that which would occur for the NAA.

This opinion and following testimony is supported by analysis presented in DWR-
653, Section 4.5.

Although the CWF will cause relatively small increases in nutrients (N and P) in
areas of the Delta due to more San Joaquin River water and less lower Sacramento River
water, the small increase of nutrients is not expected to affect the frequency, magnitude, or
duration of Microcystis blooms or other cyanoHABSs in the Delta for two reasons. First,

studies have not been able to link the initiation of Microcystis blooms and other

® Exhibit SJC-004, and see more generally Janet McCleary [SCDA-62-errata], Frank Morgan
[SCDA-61-errata], Michael Broadsky [SCDA-60-errata], Tom Burke [SCDA-35; SDWA-76], Tim
Stroshane [RTD-10-rev2], Barbara Barrigan-Parrilla [RTD-20] and Fred Lee [CSPA-6-Revised].
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cyanoHABS, or their seasonal or inter-annual variation, to changes in nutrient
concentrations or their N:P ratios in the Delta. Second, total N and P are already available
in excess in Delta waters and thus are available in non-limiting amounts for Microcystis
blooms in the Delta. Delta studies have not shown N or P to be depleted during blooms to
levels where the magnitude or duration of the bloom is limited. Researchers that have
reviewed the available science pertaining to cyanobacteria in the Delta have concluded that|
the initiation of Microcystis blooms and other cyanoHABSs are probably not associated with
changes in nutrient concentrations or their ratios in the Delta. In addition, studies outside
the Delta have shown that the addition of only P in the form of orthophosphate (the form
most readily available for algae) does not enhance growth in Microcystis blooms.
. REBUTTAL OF TESTIMONY REGARDING THE EFFECTS OF THE CWF ON
WATER QUALITY AT THE CITY’'S WATER TREATEMT PLANT INTAKE ON
THE SAN JOAQUIN RIVER
Testimony provided by the City of Stockton, presented by Mr. Robert Granberg,
raised concerns about how the CWF may affect water quality at the City of Stockton’s
drinking water diversion location on the San Joaquin River, and how such water quality
changes may impact the City in operating its Delta Water Supply Project Water Treatment
Plant (DWSPWTP; hence forth “WTP”). Testimony by Mr. G. Fred Lee on behalf of the
California Sportfishing Protection Alliance and Ms. Barbara Barrigan-Parrilla on behalf of
Restore the Delta also raised concerns about the effects of the CWF at the City of Stockton
drinking water diversion location.®
Opinion #10
The CWF would not alter water quality at the City of Stockton’s WTP intake
location in the San Joaquin River for identified constituents of concern in a manner
that would cause adverse impacts to the municipal and industrial supply beneficial

uses at this river location.

% [STKN-010], [CSPA-6],[RTD-20],and [RTD-10-Rev2].
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This opinion and following testimony is supported by analysis presented in my
technical report, Report on the Effects of the California WaterFix on Water Quality at City
Of Stockton’s Water Treatment Plant Intake Location on the San Joaquin River [Exhibit
DWR-652].°

The constituent assessments for bromide, chloride, electrical conductivity (EC),
nitrate, and organic carbon rely upon DSM2 modeling of operational scenarios for the NAA,
4A-H3, 4A-H4, Boundary 1 and Boundary 2 as presented in DWR’s case-in-chief.

Electrical conductivity and organic carbon were directly modeled by DSM2. The
mass-balance methodology for calculating concentrations for the other constituents
assessed from the DSM2 fingerprinting or flow-fraction modeling output is the same
methodology defined in the CWF EIR/EIS™.

The following provides assessment conclusions based on the analysis presented in
my supporting technical report.

e Bromide: Analysis for bromide is provided in Section 3.3.1 of Exhibit DWR-652.
The modeling results indicate that the CWF is anticipated to result in bromide
conditions at the City’s diversion location that would be very similar to that which
would occur under the NAA, and more often lower on an annual average basis. The
increases in bromide concentrations that could occur at this site due to the CWF,
relative to the NAA, would be of a magnitude that would not cause substantial
degradation and would result in only small increases (estimated at 4% or less) in

TTHM production in the City’s treated drinking water supply.

19 The concerns raised by the City of Stockton regarding water quality at its municipal intake were
adequately addressed in the EIR/EIS. In order to demonstrate that their assertions that the EIR/EIS
must model each and every point in the Delta in order to be complete, an additional analysis was
performed and its results are within the expected results based upon the anlaysis contained in the
EIR/EIS.

1 Section 8.4.1.3, Plan Area, in Chapter 8, Water Quality, of the Bay Delta Conservation Plan Draft
EIR/EIS; Section 8.3.1.3, Plan Area, in Chapter 8, Water Quality, of the Bay Delta Conservation
Plan/California WaterFix Partially Recirculated Draft EIR/Supplemental Draft EIS and Final
EIR/EIS.
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Chloride: Analysis for chloride is provided in Section 3.3.2 of Exhibit DWR-652. The
modeling results indicate that the CWF is anticipated to result in chloride conditions
at the City’s diversion location that would typically be very similar to that which would
occur under the NAA. The increases in chloride concentrations that could occur at
this site for the CWF during some periods, relative to the NAA, would not be of a
frequency and magnitude that would cause substantial degradation or an
exceedance of the applicable 250 mg/L MCL, on a mean monthly basis, and thus
would not adversely impact the MUN beneficial use.

EC: Analysis for EC is provided in Section 3.3.3 of Exhibit DWR-652. The modeling
results indicate that the CWF is anticipated to result in EC levels at the City’s
diversion location that would sometimes be higher and other times lower than that
for the NAA, with long-term average EC levels for the CWF and NAA being similar
(within 5%). The increases in EC levels that would be anticipated to occur at this site
for the CWF, relative to the NAA, would not be of a magnitude that would cause
substantial degradation or an exceedance of the applicable drinking water MCLs, on
a mean monthly basis, with the exception of Boundary 1, where the 900 uS/cm MCL
was modeled to be exceeded 1% of the time.

Nitrate: Analysis for nitrate is provided in Section 3.3.4 of Exhibit DWR-652. The
modeling results indicate that the CWF is anticipated to result in nitrate conditions at
the City’s diversion location that would typically be slightly higher (about 0.1-0.2
mg/L-N on average) than that which would occur under the NAA, but would remain
at low levels compared to the applicable nitrate objectives of 10 mg/L-N for the
protection of the MUN beneficial use. The increases in nitrate concentrations that
would be anticipated to occur at this site for the CWF, relative to the NAA, would not
be of a magnitude that would cause substantial degradation or any exceedances of
the applicable 10 mg/L MCL, on a mean monthly basis.

Organic Carbon: Analysis for organic carbon is provided in Section 3.3.5 of Exhibit

DWR-652. The modeling results indicate that the CWF would not result in
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substantial degradation of water quality with respect to dissolved organic carbon
(DOC), and is anticipated to result in small increases in average DOC
concentrations at the City’s diversion location (typically 0.1-0.2 mg/L), relative to thatf]
which would occur for the NAA. DOC concentrations would nearly always remain
within the 4—7 mg/L range determined to be acceptable to provide WTPs adequate
flexibility in their choice of treatment method to maintain compliance with current
Disinfectants and Disinfection Byproducts Rules and the drinking water MCLs. When
DOC levels at the City’s diversion location would be above 7 mg/L in wet and above
normal years, the frequency and magnitude with which DOC levels would be above
7 mg/L would be nearly the same for the CWF scenarios and the NAA.

Pesticides: Analysis for pesticides is provided in Section 3.3.6 of Exhibit DWR-652.
Many of the pesticides regulated by drinking water MCLs have been phased-out of
use, some since the 1980s and others as recently as the 2000s. For those with
current registered uses, a shifting in the source waters at the City’s intake from
Sacramento River water to more San Joaquin River water, or vice versa, due to the
CWF would not be expected to contribute to drinking water MCLs for pesticides
being exceeded in the City’s drinking water supply.

Other Toxins: Analysis for other toxins is provided in Section 3.3.7 of Exhibit DWR-
652. A constituent “screening analysis” was performed as the first portion of the
overall water quality analysis of the CWF in the EIR/EIS. The overall purpose of the
screening analysis was to assess 182 constituents (or classes of constituents) for
their potential to adversely affect water quality in the Delta based on changes in
hydrodynamics (i.e., mixing of source waters) driven by to the alternatives being
assessed, including the CWF. Of the 182 constituents analyzed, no adverse water
quality impact was identified for any toxic pollutant due to CWF operations.
Temperature: Temperature differences between the NAA and CWF, as discussed
above, would not be a driving factor in HABs in the Delta. Analysis for temperature
is provided in Section 3.3.8 of Exhibit DWR-652, which references Exhibit DWR-653
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for an assessment of the CWF effects on water temperatures in the Delta and how
such temperature effects could, in turn, affect harmful algal blooms in the Delta.
Microcystis: Analysis for Microcystis is provided in Section 3.3.9 of Exhibit DWR-
652. This section of the report analyzes river velocity near the City's WTP intake
location, and references Exhibit DWR-653 for analysis of temperature effects of the
CWEF in the San Joaquin River and the assessment of CWF effects on Microcystis
blooms in the Delta. Collectively, the key drivers (e.g., channel velocity,
temperature, irradiance, nutrients) of Microcystis and other cyanobacteria blooms
would not be changed sufficiently by the CWF near the City of Stockton’s WTP
intake location on the San Joaquin River to cause more frequent or larger magnitude
Microcystis or other cyanobacteria blooms in this river reach, relative to the NAA.
Turbidity: Analysis for turbidity is provided in Section 3.3.10 of Exhibit DWR-652.
Turbidity was a parameter assessed in Chapter 8, Water Quality, of the BDCP Draft
EIR/EIS, BDCP/CWF RDEIR/SDEIS, and BDCP/CWF Final EIR/EIS for all project
alternatives. Turbidity was assessed in a qualitative manner for the Delta and, thus,
addressed the potential impacts at the City of Stockton’s drinking water diversion
location. The impact determination for all CWF alternatives was “less than
significant” for CEQA purposes and “not adverse” for NEPA purposes for the Delta
region. Nevertheless, project proponents have developed a sediment reintroduction
plan to mitigate for the potential loss of turbidity due to the new north Delta
diversions.

Selenium and Mercury: Analysis for selenium and mercury is provided in Section

3.3.11 of Exhibit DWR-652. Mercury and selenium impacts resulting from
construction and operation of the CWF were addressed in Chapter 8, Water Quality,
of the BDCP/CWF RDEIR/SDEIS and Final EIR/EIS. Modeling results shows that
concentrations of selenium and mercury in Delta waters in the vicinity of the City’s
WTP intake location are orders of magnitude below drinking water MCLSs.
Consequently, the construction and operation of the CWF would not result in
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mercury, methylmercury, or selenium concentration increases in the San Joaquin
River of magnitude that would cause issue with MCL compliance or require

increased treatment requirements at the City of Stockton’s WTP.

Executed on this 22 day of March, 2017 in Sacramento, California.

il
5 oo oy

(Michael Bryan)
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Thursday, April 27, 2017 9:30 a.m.
PROCEEDINGS
---000---

CO-HEARING OFFICER DODUC: Good morning,
everyone. It is 9:30.

Welcome back to the State Water Board Water
Rights Change Petition hearing for the California
WaterFix Project.

I am Tam Doduc. Joining us shortly will be,
sitting to my right, Board Chair and Co-Hearing Officer
Felicia Marcus, and also joining us will be Board Member
Dee Dee D"Adamo.

To my left are Dana Heinrich, and please
welcome Conny Mitterhofer, our new Supervising Water
Resource Control Engineer, who will be now joining us,
then Diane Riddle"s next, and Kyle Ochenduszko to my far
left.

Also assisting us today will be Miss McCue and
Mr. Hunt.

Usual announcement: Speak into the microphone,
speak clearly, begin by identifying yourself and your
affiliation because this is being Webcasted, recorded,
and our court reporter is here. Make arrangements with
her separately if you would like to have the transcript
sooner than at the end of Part 1, which is when we will
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have it posted.

Second announcement is -- Actually, 1 switched
the order.

Second announcement is to identify: |If you
need to the exit closest to you in the event of an alarm,
follow Mr. Herrick.

Mr. Herrick will lead us down the stairways,
not the elevator, to the first floor and across the
street, observing all traffic signal directions, to the
park where we will gather and wait for the all-clear
signal to return.

And, Ffinally, and most importantly, as always,
please take a moment and put all your noise-making
devices on silent or vibrate. And 1"m particularly
sensitive to this, as you know, because I listen intently
to every word that is spoken during this hearing. So
please take a moment and double-check.

All right. Before we get into it,

Miss Heinrich, I will ask you to clarify an issue that 1
believe was raised by Miss Des Jardins yesterday
regarding the final EIR/EIS.

MS. HEINRICH: Yes. So during
cross-examination yesterday, Miss Des Jardins commented
on the fact that we don"t have a link on our website to
the Final EIR which is identified as a Board staff
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exhibit.

And 1 think that we"ve indicated previously
that because staff are no longer planning on offering
staff exhibits into evidence, we don"t plan to update
that page. So it"s incumbent on any parties who want to
offer those exhibits into evidence to do so on their own.

And because the Final EIR is a public document
and it"s already posted, I believe, on DWR"s website, we
don"t believe it"s necessary to create a link on our own
website.

I confirmed with Mr. Mizell yesterday that DWR
does not intend to offer that exhibit into evidence
during this phase of the hearing, so if parties wish to
use excerpts from that document for purposes of
cross-examination, they should reproduce those excerpts
and label them as a cross exhibit when we introduce the
excerpts on the Final EIR.

CO-HEARING OFFICER DODUC: Any questions about
that?

Any other housekeeping matter that we need to
get into?

Okay. Mr. Bezerra.

MR. BEZERRA: Ms. Doduc, in the previous
portion of the hearing, we had a no-ties-on-Friday
policy, and 1 don"t want to anger the Hearing Officer
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by -- I"m wearing a tie now so I want to confirm --

CO-HEARING OFFICER DODUC: On Friday, that will
always be the case, as long as I"m the Hearing Officer.

MR. BEZERRA: Thank you very much. Much
appreciated.

CO-HEARING OFFICER DODUC: All right. Also,
1"ve been advised that it might be a bit inhumane to go
from 9:30 to the lunch break without a break, yes, so we
will strive to take a break and I*11 look to
Mr. Hitchings and other cross-examiners to find a natural
break between 10:30 and 11:00 for us to take a very short
break.

Miss Meserve.

MS. MESERVE: Good morning.

CO-HEARING OFFICER DODUC: 1 don"t believe that
microphone®s on.

MS. MESERVE: Good morning. | just wanted
to -- Osha Meserve for Land, et al.

On the FEIR subject, I do note that some of the
DWR exhibits do cite to the Final EIR. So 1 don"t know
how to handle that issue as -- you know, in terms of this
apparent position of the Petitioners that the Final EIR
is not part of the evidence for this proceeding because
their own witnesses have, iIn fact, cited to it and those
portions are not included as excerpts otherwise, 1 do not
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believe.

So I believe it does sort of pose an
evidentiary problem, and 1 don"t know what to do about
it, but 1 do want to raise that to you.

CO-HEARING OFFICER DODUC: Okay. Mr. Mizell.

MR. MIZELL: Tripp Mizell, Department of Water
Resources.

It"s not the position of the Department that it
won"t be admitted into evidence. It"s the position of
the Department it"1l be admitted into evidence during
Part 2 once the Final EIR is certified.

We feel that it would be inefficient to belabor
the hearing record with two full copies of the Final
EIR/EIS, and the more appropriate one to use, in our
opinion, would be the Certified Final EIR/EIS.

So it doesn"t pose an evidentiary issue because
the record won"t be closed until the conclusion of
Part 2.

So, at this point, it"s our feeling that we can
cite to the Final EIR/EIS. 1It"s a public document.
People have had access to it for quite some time now, and
it will be admitted into evidence before the close of the
entire hearing.

CO-HEARING OFFICER DODUC: All right. Thank
you, Mr. Mizell.
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Miss Meserve.

MS. MESERVE: Sorry.

CO-HEARING OFFICER DODUC: 1 see you are not
satisfied.

MS. MESERVE: Yes. 1 guess I"d just object to
that procedure. | don"t think it makes any sense.

IT they"ve cited to the Final EIR, they should
be -- just like the other parties to this case, be
required to put forth. They should have put forth those
parts of the Final EIR on which the testimony relies so
that we could review it and what not, and so that it
would be part of Part 1.

Because their experts have identified that this
is somehow relevant to Part 1 and -- you know, so | had
noticed this with respect to some of the testimony of
Bryan cites to the Final EIR.

However, you know, in discussions with the
previous panel on groundwater, of course, they-“re
referring to mitigation measures that have been revised
in the Final EIR and what not.

So it doesn*t -- I understand not having a
hearing record that is overly burdensome, but I believe
that the Petitioners should have at least provided the
excerpts of the things upon which their experts rely on,
if not the entire Final EIR if they expect the
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evidentiary weight to be given to their citations to this
document.

The fact that it"s out there available
somewhere, | think we disposed of that kind of argument
back with the modeling, that it needed to be brought
forth as evidence, and | think the same would be here for
the Final EIR.

CO-HEARING OFFICER DODUC: Thank you,

Miss Meserve.

Before you get up, Mr. Mizell, | see nodding
heads In the audience. Let"s get it on record.

Does anyone wish to join in on Miss Meserve®s
objection?

MR. EMRICK: Thank you, Chair Doduc. Matthew
Emrick, City of Antioch.

And 1711 join in with Miss Meserve"s objection.

MR. JACKSON: Michael Jackson on behalf of the
CSPA parties.

We think the objection is well taken and we --
and we join.

MS. WOMACK: Suzanne Womack, Clifton Court L.P.

I would like to join in as well. Thank you.

MR. HERRICK: John Herrick, South Delta Water
Agency, et al.

Any portions that have been cited to need to be
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provided. We join in the objection.

CO-HEARING OFFICER DODUC: Thank you.

Now, Mr. Mizell.

MR. MIZELL: The citations that our withesses
provide in their testimony are quite clear. They
reference to page numbers, chapter numbers, section
numbers. The document is public and all of these parties
who have objected actually probably have a copy of it
already in their offices.

So I would think that by following the page
numbers and section numbers and other citations that our
witnesses provide, they can clearly find where we"re
citing to in the large document.

Again, 1 think it"s duplicative if we start
submitting large portions of this final document ahead of
when the whole is submitted into evidence.

CO-HEARING OFFICER DODUC: All right. Thank
you.

We will take it under advisement and we will
get back to you shortly on that.

With that, we are now up to the
cross-examination of Mr. Milligan.

Did you have a question, Miss Aufdemberge?

MS. AUFDEMBERGE: Yeah. This is back on house
cleaning. This is -- This one (indicating microphone)?
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CO-HEARING OFFICER DODUC: Yes, use that one.

MS. AUFDEMBERGE: Mr. Milligan informs me he"s
available until 1 o"clock today. So if we have any —-- 1
think we"ve estimated cross-examination to be about three
hours. |IFf it goes longer than that, we might have to
schedule another day for him to appear.

CO-HEARING OFFICER DODUC: Okay. Let"s see how
it goes.

Let me -- Before we do that, let me run down
the list. 1 see some new faces, particularly
Mr. Jackson. So let me run down who 1 currently have for
cross-examination, and then we will amend -- append as
necessary.

I have Mr. Hitchings, who is already ready, for
45 to 60 minutes, followed by Mr. Bezerra for about 30 to
45 minutes, and that will be Group 7.

Group 8, Miss Nikkel has estimated five to 10

minutes.
Then I have, 1 believe, Group 18 for about 15
minutes.
Miss Meserve, Group 19, for 10 minutes or so.
Mr. Herrick estimated five to 10 for Group 21.
And Miss Des Jardins, Group 37, estimated 45
minutes.

And what else wishing to cross-exam? Please
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come up, identify yourself, and give me a time estimate,
please.

MR. JACKSON: Michael Jackson on behalf of the
CSPA parties. |1 would estimate 15 to 20 minutes.

CO-HEARING OFFICER DODUC: And you are
Group 31.

MR. JACKSON: Yes.

CO-HEARING OFFICER DODUC: All right.

Mr. Hitchings, please begin as soon as Mr. Milligan and
his counsel come up and have a seat.

Ready, Mr. Milligan?

WITNESS MILLIGAN: Yes, I am.

CO-HEARING OFFICER DODUC: Mr. Hitchings.

MR. HITCHINGS: Okay. Good morning, Board
Members, Board staff. And good morning, Mr. Milligan.

Andrew Hitchings for protestants Glenn-Colusa
Irrigation District and Biggs-West Gridley Water
District.

111 be doing the lead cross-examination for
the Sac Valley Water User Group, and then there will be
some other questions following after 1 do the lead for
that group.

CO-HEARING OFFICER DODUC: And before
Mr. Hitchings begins, | would like to get clarification
from Mr. Berliner.
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I do not have you as representing the
Department of the Interior.

MR. BERLINER: I1"ve been asked by
Miss Aufdemberge if 1 would provide assistance to her, so
I1"m here on a temporary basis, just providing assistance
to the Department -- to the Bureau of Reclamation. 1I™'m
not counsel of record.

CO-HEARING OFFICER DODUC: Okay -

Mr. Hitchings, please begin.

MR. HITCHINGS: Yes. |If you"d like, 1 can just
go through quickly the topics.

CO-HEARING OFFICER DODUC: Yes.

MR. HITCHINGS: 1It"s actually going to track
pretty much the key points on rebuttal that are
summarized in Mr. Milligan®s rebuttal testimony, and
those are the bullet points with regard to operational
philosophy and water supply reliability, using fall
exports, and Joint Point of Diversion, conveying fTall
water, and with regard to storing water in upstream

reservoirs, and then the health and safety pumping levels

issue.

CO-HEARING OFFICER DODUC: Thank you.

MR. HITCHINGS: And I have a highlighted copy
of Mr. Milligan™s testimony that -- | have additional

copies that | have ready to bring up on the screen. 1
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have additional written copies. 1°m not sure if the
Board Members or staff would like those. It might help
Mr. Milligan and counsel. But it will be brought up on
the screen, i1f that"s helpful.
(Documents distributed.)
MR. HITCHINGS: And if you could bring up --
It"s labeled GCID-22. And this is the next exhibit in --
in order.
(Document displayed on screen.)
MR. HITCHINGS: Actually, 1™m sorry, it"s
GCID-21. 1 apologize.
(Document displayed on screen.)
MR. HITCHINGS: Thank you very much.
RON MILLIGAN,
called as a witness by the Petitioners, having been
previously duly sworn, was examined and testified as
follows:
CROSS-EXAMINATION BY
MR. HITCHINGS: So, Mr. Milligan, 1°d like to
start out if 1 could:
Did anyone assist you in preparing your
rebuttal testimony?
WITNESS MILLIGAN: Yes.
MR. HITCHINGS: And who was that that assisted
you?
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13

WITNESS MILLIGAN: Several of my staff, and
several of the other modeling folks that will be
testifying, provided some information about.

MR. HITCHINGS: And did you prepare the figures
and tables that are in your testimony?

WITNESS MILLIGAN: They were prepared under my
supervision.

MR. HITCHINGS: Who in your staff assisted you
with the preparation of rebuttal testimony?

WITNESS MILLIGAN: Miss Parker and Kristin
White with the Bureau of Reclamation.

MR. HITCHINGS: And did Ms. Parker assist with
the preparation of the figures and tables that are in
your testimony?

WITNESS MILLIGAN: I believe she -- she did but
she may have also had some help from Miss White.

MR. HITCHINGS: Okay. 1°d like to start
with -- If you can refer to the four citations and
quotations of excerpts of prior testimony by Mr. Bourez,
and those are at the -- at the outset of your testimony
here on GCID-21. And this is just a highlighted version
of your actual written rebuttal -- rebuttal testimony
DOI1-36.

And in referring to those four citations, 1is
there anything that"s stated in those excerpts of
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testimony that indicates that MBK"s modeling submitted in
this proceeding fails to follow any rule, regulation or
written policy?

WITNESS MILLIGAN: (Examining document.)

Of the category of things that you mentioned,
not that I*m aware of.

MR. HITCHINGS: And is it at least possible
that, with Cal~WaterFix Project in place, the CVP and SWP
could be operated as Mr. Bourez states in those excerpts
of testimony?

WITNESS MILLIGAN: (Examining document.)

There are many ways that the two Projects could
be operated, and this is a possible way, at least as it
relates to the monthly time step and the resolution you
would see iIn CalSim.

MR. HITCHINGS: Okay. Thank you.

I1"d like to move on to the operational
philosophy portion of your testimony.

MR. HITCHINGS: And if you can scroll down to
the bottom of Page 1, and then it continues on to the top
of Page 2, that highlighted section.

(Document displayed on screen.)

MR. HITCHINGS: And if you could just quickly
read that, 1°d like to ask a few questions associated
with that highlighted section.
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CO-HEARING OFFICER DODUC: I don"t think we
need to verbally read it.

MR. HITCHINGS: No, I"m sorry. 1"m sorry.

THE WITNESS: (Examining document.)

MR. HITCHINGS: Just to get your bearing.

And 1 think the key item is that (reading):

"The CVP is and always has been operated to

make full use of excess water during wet periods and
used stored water to supplement releases and
deliveries when adequate water is not otherwise
available. The use of Cal WaterFix would not change
this operational philosophy."

WITNESS MILLIGAN: Yes, 1 see that.

MR. HITCHINGS: And, to your knowledge, does
the Petitioners®™ modeling for the Project reflect this
operational philosophy?

WITNESS MILLIGAN: 1 think generally it does,
yes.

MR. HITCHINGS: And is this operational
philosophy, is it mandated under any particular rule,
regulation or written policy?

WITNESS MILLIGAN: Specifically, no, but it has
been the practice over the decades of the operations of
the Projects and, to a large part, how the Project
would -- particularly the CVP was designed and
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contemplated certainly does.

MR. HITCHINGS: Okay. So is it possible that,
with the Cal~WaterFix Project in place, the CVP could be
operated in a manner that does not comply with this
operational philosophy?

WITNESS MILLIGAN: 1t is possible that the
Project could -- could be reoperated either with or
without California WaterFix to change that operational
philosophy.

MR. HITCHINGS: And can you say with certainty
that Reclamation®s operational philosophy for the CVP
will never change in the future?

WITNESS MILLIGAN: 1 would say no, but I -- You
know, my current understanding as to whether contractual
obligations and regulatory requirements would be, this --
this has proved to be the most efficient way to use
the -- both the infrastructure that we have available to
us and our current understanding of the hydrology.

MR. HITCHINGS: But -- But your answer to the
question is, is that it"s possible that that -- that
operational philosophy could change in the future.

WITNESS MILLIGAN: 1t is possible it could.

MR. HITCHINGS: Okay. 1°d like to move on to
the portion of your testimony that emphasizes using fall
exports to increase allocations south of the Delta and
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that really has bearing with the use of the Joint Point
of Diversion.

So if we could refer to Page 3, first full
paragraph. There®"s a highlighted section there.

(Document displayed on screen.)

MR. HITCHINGS: And if you could just read that
to yourself and let me know when you"re finished.

WITNESS MILLIGAN: (Examining document.)

MR. HITCHINGS: And the key sentence that we
will focus on is the -- that my questions will focus on
is the last underlined sentence.

WITNESS MILLIGAN: I see it there.

MR. HITCHINGS: So, consistent with this
written rebuttal testimony of yours, Petitioners”
modeling assumptions for the proposed action do not
incorporate the use of Joint Point of Diversion as part
of the South-of-Delta allocations process; correct?

WITNESS MILLIGAN: 1 am speaking to the typical
allocation process that we do in actual operations. And
typically we do not factor in the use of joint point and
large quantities when making allocations.

MR. HITCHINGS: And for the actual modeling
assumptions for -- with the Cal WaterFix in place, the
Petitioners®™ modeling doesn"t incorporate the use of
Joint Point of Diversion as part of the allocations

California Reporting, LLC - (510) 224-4476
www . CaliforniaReporting.com





10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

18

process; is that correct?

WITNESS MILLIGAN: This may be more of a
modeling intricacies of CalSim. | do know that CalSim
does identify some use of joint point.

To agree that that joint point is driving the
allocations in CalSim, that is possible, but the reality
is that joint point is typically not something that has
proved to be reliable enough to actually incorporate to
our true allocation process year to year.

MR. HITCHINGS: So are you saying you don"t
know whether the use of joint point is included in
Petitioners™ modeling with regard to South-of-Delta
allocations process”?

WITNESS MILLIGAN: I do not know if the current
version of CalSim as included in Petitioners® submittal
is actually driving the allocations in a particular year,
no.

MR. HITCHINGS: Petitioners®™ own modeling shows
that, with the Cal~WaterFix Project in place, there would
be less water available on average for CVP"s
South-of-Delta deliveries than under the No-Action
Alternative; isn"t that correct?

WITNESS MILLIGAN: That is correct, on average.

MR. HITCHINGS: And do you know how much less
water on average those deliveries will be with the
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Project in place as compared to the No-Action
Alternative?

WITNESS MILLIGAN: In terms of the modeling,
no, I do not, top of my head.

As we"ve stated in some of our other testimony,
that the exact proportions between the CVP and the State
Water Project have yet to be worked out.

But as illustrated in the modeling specific as
CalSim has identified 1t, if one were to parse out
between the CVP and the State Water Project, the CVP in a
number of years would have received less water than we
would under the No-Action.

MR. HITCHINGS: And going back to the last
underlined sentence iIn this section of your testimony, it
is still possible that, with the Cal-WaterFix Project in
place, the use of Joint Point of Diversion could be
incorporated into the allocation process; isn"t that
correct?

WITNESS MILLIGAN: With a number of criteria
and to address, let"s say, potential uncertainties, It is
possible in the future that some level of joint point
could be used in a future allocation process, but that is
not necessarily consistent with what"s currently done.

So the answer is, yes, it could be possible in
the future.
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MR. HITCHINGS: Thank you.

Are you aware whether Reclamation in the past
regularly conveyed CVP water through the Banks Pumping
Plant when Reclamation was operating the CVP under State
Water Board decision D-1485?

WITNESS MILLIGAN: Yes.

MR. HITCHINGS: Do you know to what extent this
did occur?

WITNESS MILLIGAN: This preceded the period
where 1 was working within CVP operations, but there were
some years there, is my recollection from the record,
that were fairly high. But, again, those were later in
the fall and typically after the irrigation season had
played out.

MR. HITCHINGS: And are you familiar with

the -- You are familiar with the 2008 OCAP Biological

Opinion --

WITNESS MILLIGAN: Yes, I am.

MR. HITCHINGS: -- correct?

WITNESS MILLIGAN: The Fish and Wildlife
Service.

MR. HITCHINGS: [I"m sorry?

WITNESS MILLIGAN: The Fish and Wildlife
Service 2008 opinion.

MR. HITCHINGS: Yes. Thank you.
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IT we could pull up GCID-22.
(Document displayed on screen.)

MR. HITCHINGS: This is a -- a highlighted
excerpts of State Water Board staff Exhibit 87 and so I™m
going to -- 1"ve labeled this GCID-22 which is the next
exhibit in order for that Protestant.

CO-HEARING OFFICER DODUC: Hold on,

Mr. Hitchings.

Mr. Jackson.

MR. JACKSON: Yes.

CO-HEARING OFFICER DODUC: 1Is your microphone
on?

MR. JACKSON: Thank you.

1"d actually like to hear sort of an offer of
proof for this document.

As someone who has been rigorously revised in
regard to Fish and Wildlife, 1 don"t really understand
why this 1s a Part 1 issue and not a Part 2 issue.

CO-HEARING OFFICER DODUC: Good question.

Mr. Hitchings?

MR. HITCHINGS: 1 think we"re going to get to
that. This portion, the excerpted highlights that 1 have
in this document, it"s a lengthy document and so this is
8 pages. I1"ve highlighted the section that talks about
the use of the Joint Point of Diversion within the
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Project description for OCAP operations, which includes
CVP operations.

CO-HEARING OFFICER DODUC: Please proceed,
Mr. Hitchings.

But, Mr. Jackson, 1 appreciate that note.
You"re on your toes today.

CO-HEARING OFFICER MARCUS: He probably won"t
be given any brownie points any time soon.

CO-HEARING OFFICER DODUC: No. No brownie
points, Mr.~Jackson.

MR. HITCHINGS: Okay. Thank you.

IT we could move to -- I think it"s on .pdf
Pages 8 and 9 of this document, and it"s Page 27 of the
BiOp, 26, 27.

(Document displayed on screen.)

MR. HITCHINGS: This is the section of the
BiOp, the Fish and Wildlife Service BiOp, that includes
the Project description of this evaluated for ESA
consultation.

And looking at the second highlighted bullet,

this -- If you actually go up a little bit higher on this

page --
(Scrolling up document.)

MR. HITCHINGS: Yeah.

-- it says (reading):
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"In general, the Joint Point of Diversion
capabilities will be used to accomplish four basic
objectives."

And if we could scroll down to that second

highlighted bullet point of the four objectives --
(Scrolling down document.)

MR. HITCHINGS: -- it indicates that (reading):

"When summertime pumping capacity is available
at Banks . . . and CVP Reservoir conditions can
support additional releases, the CVP may elect to
use Joint Point of Diversion capabilities to enhance
annual CVP South-of-Delta”™ deliveries.

So with that as part of the project
description, under current CVP operations, Reclamation
could use Joint Point of Diversion capabilities
consistent with this objective; isn"t that correct?

WITNESS MILLIGAN: When -- When both capacity
is available and can be supported by additional releases
upstream, yes.

MR. HITCHINGS: And are you aware whether
Reclamation may have any plans to seek dedicated capacity
at Banks if the Cal~WaterFix Project is approved?

WITNESS MILLIGAN: That would be -- That would
kind of fall under the -- the efforts of trying to
understand how the two Projects would operate in
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conjunction with the WaterFix in place. And as | said,
that has not come -- that has not been completed.
There®s still a lot of work to be done there.

One element of that could be some -- some
dedicated capacity, but we are far from coming to any
resolution of that.

MR. HITCHINGS: But does -- does that mean that
Reclamation does have current plans in the work to seek
that dedicated capacity?

WITNESS MILLIGAN: Our only plans are to work
with the State on how we would share available supplies
with WaterFix in place because, as you pointed out, that
without any changes, it does appear that the CVP would
receive virtually the same or just slightly less water
than the No-Action Alternative.

MR. HITCHINGS: And are you aware whether any
CVP contractors south of the Delta have requested
Reclamation to obtain dedicated capacity at Banks if the
Cal~WaterFix Project is approved?

WITNESS MILLIGAN: There is -- I"ve heard some
discussion of that but 1°ve not seen a formal proposal.

MR. HITCHINGS: And so it is possible that
Reclamation could obtain dedicated capacity at Banks if
the Cal~WaterFix Project is approved; isn"t that correct?

WITNESS MILLIGAN: The -- 1t is —- Well, it is
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possible. It is possible without approval of the
WaterFix that we could negotiate some dedicated capacity
with the State Water Project at Banks as well.

MR. HITCHINGS: Okay. And 1°d like to refer
back to your rebuttal testimony and that"s going back to
the highlighted GCID Exhibit 21.

(Document displayed on screen.)

MR. HITCHINGS: And if we could go to Page 3 of
that, bottom of the page, and it"s within that last whole
paragraph.

IT you could just take a moment to read that
portion of your testimony.

WITNESS MILLIGAN: (Examining document.)

Yes, | see it there.

MR. HITCHINGS: In that first sentence, Item 2
provides that California WaterFix is expected to reduce
the risk of diverting allocated water to its
South-of-Delta contractors; correct?

WITNESS MILLIGAN: (Examining document.)

We talk about the greater ability to capture
excess unstored excess flows in the wet periods.

And to --

MR. HITCHINGS: And -- Sorry.

But one of the points of that is, it"s expected
to reduce the risk of delivering allocated water to
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South-of-Delta contractors; correct?

WITNESS MILLIGAN: Due to -- Through Delta
restrictions, yes.

MR. HITCHINGS: And the way to reduce that risk
is to allow Reclamation to convey water in upstream
reservoirs for Delta exports more throughout the year.

Is that a fair characterization?

WITNESS MILLIGAN: That"s probably not how 1
would have recharacterized this particular point.

I think the point here was driving at something
like OId and Middle River flow constraints where it may
not be excess conditions. We may be in balanced
condition potentially in the Delta.

But because of constraints under the current
Fish and Wildlife Service Biological Opinion,
restrictions on the amount of reverse flow in Middle and
Old River could be alleviated by the existence of new
conveyance iIn the northern diversion point.

And that"s really what that second point was --
was driving at, not an ability to move greater volumes of
CVP water in the summer period.

MR. HITCHINGS: Well, has Reclamation produced
any plan for how it would operate the CVP with
Cal WaterFix in place to use that greater ability to
convey stored water throughout the year?
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WITNESS MILLIGAN: We have not completed any
plans along those lines.

But generally between -- It does appear, with
the joint operations of the two Projects, these are the
two benefits that we see from the Projects as it"s
currently configured.

MR. HITCHINGS: And has Reclamation proposed
any operational limits on its exercise of that greater
ability that Cal WaterFix would provide for conveying
stored water throughout the year for export?

WITNESS MILLIGAN: Not beyond what®"s generally
described in the CalSim modeling at this point.

MR. HITCHINGS: And that"s to -- Those are just
modeling assumptions, not operational limits; correct?

WITNESS MILLIGAN: That is -- That -- That"s a
fair statement.

MR. HITCHINGS: In the second sentence in that
highlighted portion there, you state that (reading):

" . Prioritizing upstream storage in the
fall . . . would likely be further emphasized once
the California WaterFix is operational."

Is there any rule, regulation or written policy
that requires Reclamation to prioritize upstream storage
in the fall?

WITNESS MILLIGAN: No.
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MR. HITCHINGS: And when you say this priority
would likely be further emphasized, it"s still possible
that may not occur; correct?

WITNESS MILLIGAN: Well, we may find that we"re
not able to capture as great of the excess flows iIn the
Delta in the wintertime, so we may end up being back at
the similar position that we are today.

But we do anticipate a greater ability to
capture wintertime flows and to be able to operate
entrainment risks better in more balanced conditions in
the winter and spring.

So we do believe that is a benefit and the
byproduct of the new conveyance and Point of Diversion,
and that is -- if that does come to fruition, then we
would probably have less emphasis to try to reposition
stored water in the fall upstream and move that into
San Luis Reservoir.

MR. HITCHINGS: Well, I --

WITNESS MILLIGAN: That"s the --

MR. HITCHINGS: -- appreciate the detail on
that, but the question was:

It"s -- It"s possible -- Even though you say
it"s likely to be further emphasized, it"s possible that
may not occur; correct?

WITNESS MILLIGAN: That is possible.
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MR. HITCHINGS: And then in the third sentence,
you state (reading):

It is unlikely Reclamation would choose
to move additional stored water in the fall with the
Cal WaterFix in place at the expense of overall
upstream . . . storage."

Again a similar question: Although you state
it 1s unlikely, 1t"s still possible that Reclamation
could choose to move additional stored water; correct?

WITNESS MILLIGAN: It is possible.

MR. HITCHINGS: And notwithstanding any
modeling assumptions, under actual operations with the
Cal WaterFix in place, Reclamation will still have some
discretion to decide whether to release more stored water
from upstream reservoirs and export it; correct?

WITNESS MILLIGAN: I believe Reclamation will
assess the particulars at that point in time, hydrology,
relative storage amounts, and make a decision if
available capacity is available, yes.

MR. HITCHINGS: And so they -- they would
retain that discretion to release more stored water
provided they meet any baseline regulatory requirements;
correct?

WITNESS MILLIGAN: I think we would make that
decision, though, also in light of the various
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contractual obligations we have in addition, yes.

MR. HITCHINGS: And you"ll make that decision
within Reclamation®s discretion as to how to operate the
Project; correct?

WITNESS MILLIGAN: Yes.

MR. HITCHINGS: Okay. 1°d like to refer to
SVWU-107. And I have that on the flash drive. IFf we
could just pull that up.

(Document displayed on screen.)
MR. HITCHINGS: And it"s on Page 14, Figure 7.
(Document displayed on screen.)

MR. HITCHINGS: And this is the MBK written
testimony during the Sac Valley Water User case in chief.

And Figure 7, this shows the Petitioners”
modeling of the preferred alternative in the modeling
under the preferred alternative.

Jones exports decrease by an annual average of
24,000 acre-feet; is that correct?

WITNESS MILLIGAN: That does appear what MBK"s
analysis shows, yes.

MR. HITCHINGS: And had you reviewed that
analysis as part of preparing your written rebuttal
testimony?

WITNESS MILLIGAN: Yes. But I will say, in
light of our previous testimony, that we -- that the
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specific breakdown between CVP operations and State Water
Project operations still has yet to be determined, so
these specific breakdowns between exact -- And this is a
good example.

Up at Jones Pumping Plant, although that®s what
is in the CalSim modeling, may not ultimately be how we
divide up the available supplies between the two
Projects.

MR. HITCHINGS: Well, under actual operations
with Cal WaterFix in place, in your opinion, do you
believe Reclamation would decrease South-of-Delta
deliveries and increase upstream storage as the modeling
of the preferred alternative suggests?

WITNESS MILLIGAN: 1 think it is very possible
that, with -- a scenario that we do increase upstream
storage and have an agreement with the State where we
would have equal or slightly better Delta pumping for
delivery to CVP.

And that will all depend on how we proportion
ownership or -- and/or payments, or renting, iIf you will,
of capacity within the new tunnel facility, all yet to be
negotiated.

MR. HITCHINGS: But if you have water available
to -- which would be a tradeoff versus increasing
upstream storage as opposed to reducing South-of-Delta
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deliveries, do you believe that Reclamation would operate
the Project -- operate the Project with the Cal WaterFix
in place under that scenario?

WITNESS MILLIGAN: The scenario that you
describe, probably not the only choice, but 1 don"t think
that we would -- we would ultimately come to agreement to
an operating scenario that comes to that kind of
conclusion.

In essence, if | understand your question, is,
that is an operational scenario that limits the CVP"s
ability to move water South-of-Delta and leaves it
stranded upstream is probably not a scenario that we
would ultimately find acceptable.

MR. HITCHINGS: Okay. Thank you.

1"d like to go back to GCID Exhibit 21.

(Document displayed on screen.)

MR. HITCHINGS: This is the highlighted version
of your testimony.

And if we could go to Page 6, there"s a
highlighted section there as well.

(Document displayed on screen.)

MR. HITCHINGS: 1In this section of your
testimony, you generally criticize MBK®"s modeling because
it includes too many years in which there is a zero
allocation to the CVP South-of-Delta contractors.
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Is that a fair characterization?

WITNESS MILLIGAN: Well, I probably wouldn™t
characterize it quite that way.

But in our earlier land discussion where there
is a possible scenario of operations, 1| think that if
this was a proposal of shifting our operational strategy,
it probably has a -- it skews, although potentially on an
average annual basis, higher deliveries, i1t does create
many more zero allocation years for Water Service
Contractors than we would probably find acceptable and/or
probably a futility to our contractor base.

MR. HITCHINGS: Well, let"s -- let"s go through
that, then. So if we look at Figure 1.3A —-

(Document displayed on screen.)

MR. HITCHINGS: And if we can scroll up on that

a little bit to see the whole
(Scrolling up document.)

MR. HITCHINGS: 1"m sorry. So you can see the
whole figure.

(Document displayed on screen.)

MR. HITCHINGS: Correct.

So this compares CVP South-of-Delta allocations
in the Petitioners®™ modeling and MBK"s modeling under the
No-Action Alternative; correct?

WITNESS MILLIGAN: Yes. This 1.3(a) is the
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comparison of No-Action alternatives.

MR. HITCHINGS: Okay. And so a dot on the
bottom line that"s designated O percent indicates a year
in which the relevant modeling depicts a 0 percent
allocation to South-of-Delta contractors; correct?

WITNESS MILLIGAN: Yes.

MR. HITCHINGS: And in Figure 1.3A, there's
seven dots on the O percent allocation line, which
reflects MBK"s modeling, and there"s three blue dots --
So there®"s seven red dots for MBK and three blue dots on
that line that reflect Petitioners®™ modeling; correct?

WITNESS MILLIGAN: Yes.

MR. HITCHINGS: And so for the No-Action
alternatives, there -- there are four years in which
Petitioners™ modeling shows an allocation to CVP
South-of-Delta contractors when MBK shows a O percent
allocation to those contractors; correct?

WITNESS MILLIGAN: Yes. Or additional years,
yes.

MR. HITCHINGS: And then if we could go to
Figure 1.3B.

(Document displayed on screen.)

MR. HITCHINGS: And your understanding is, this
is the comparison with the Cal WaterFix in place;
correct?
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WITNESS MILLIGAN: Yes. We"ve got a
nomenclature that we -- the H3+ and Alt 4A for MBK.

MR. HITCHINGS: And -- And in this instance,
there are six red dots on the 0 percent allocation line
that reflect MBK"s modeling and two blue dots on that
line that reflect Petitioners®” modeling; correct?

WITNESS MILLIGAN: Yes.

MR. HITCHINGS: So in this figure, for the Alt
4A, which is the Cal WaterFix scenario, again there"s
four years in which Petitioners® modeling shows an
allocation of the CVP South-of-Delta contractors when
MBK"s shows a 0 percent to those contractors; correct?
Four more years.

WITNESS MILLIGAN: (Examining document.)

I believe that"s the case, although there --
it"s hard to say, because there"s one dot there that"s a
little blurry so I can"t tell if it"s two dots very close
together or one. There may be five there but .

MR. HITCHINGS: Okay. Fair enough.

So referring back to 1.3(a).-

WITNESS MILLIGAN: Yes.

(Document displayed on screen.)

MR. HITCHINGS: For the No-Action alternatives,
in the four years in which Petitioners®™ modeling shows an
allocation to CVP South-of-Delta contractors while MBK --
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while their modeling does not, do you know in how many of
those four years any of the CVP"s upstream reservoirs are
drawn down to their minimum model level?

WITNESS MILLIGAN: 1°d have to cross --
cross-check those. The -- There are -- Some of those are
fairly low years because the way in which this was kind
of set up was, these are inflow forecasts which probably
coincide with some pretty low storage levels as well,
so -- and we don"t have a chart that shows that.

MR. HITCHINGS: Do you know sitting here today
whether even in any of those years, the CVP"s upstream
reservoirs were drawn down to their minimum water level?

WITNESS MILLIGAN: 1t would not surprise me.
CalSim as it"s currently configured does tend to do that
and -- so —- But I don"t know for sure. 1°d have to get
it out and line it up specifically and identify which
years these actually are and cross-reference that.

MR. HITCHINGS: Okay. So let"s assume that in
any of those four years, one or more of the CVP"s
reservoirs would be drawn down to the lowest level CalSim
can model .

Do you believe it"s appropriate, in your
opinion, to allocate water to the CVP South-of-Delta
contractors in those years?

A. If -- Again, this is a modeling question.
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Again, CalSim is a comparative tool. 1 think we"re
talking about something that"s outside the realm of that.

IT we had a real-life situation where reservoirs
were drawn down to near dead pool, or very low levels,
that we"d have to look very hard at what the allocations
are and see if that is -- if those allocations are
appropriate given those storage levels.

There may be idiosyncrasies about distribution
of hydrology in a particular year that may make it --
make some sense to make some water available, in a year
where one reservoir may be very low.

But that"s the real-life situation and not
necessarily the modeling. But CalSim does tend to drive
the reservoirs down further.

I think that my critique of -- the take-away
from this data is not so much the number of zeros but
the -- the fact that it takes the reservoirs down lower.

It seems to me that there"s a strategy here
which, although be i1t possible and not precluded given
our current policies and regulations, that somewhat
shifts the philosophy that pushing, being very aggressive
to bank higher allocations, even though you may end up
with overall lower allocations in a number of these
years, it"s not just the dots line on the zeros but also
the pattern within, let"s say, when the inflows are below
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7,000 -- 7,000 thousand-acre-feet, that it seems
consistently lower and 1 think that®"s a product, is a
carryover, of being more aggressive than other parts of
the operation within the CalSim simulation.

So it"s more than just the zero allocations.
But I think that that does highlight a little bit of some
aggressiveness iIn this particular presentation of how the
CVP could be operated, both in the No-Action case, then
it seems to highlight some other concerns in a -- with
California WaterFix in place.

MR. HITCHINGS: The point is, Mr. Milligan, in
some of those years where there are allocations to
South-of-Delta contractors, under the Petitioners*®
modeling -- as opposed to years where MBK®"s modeling does
not provide for allocations to those contractors,
Petitioners™ modeling actually did draw the reservoirs
down to their minimum model level; isn"t It correct?

WITNESS MILLIGAN: I think both -- both did.
And there could possibly be a few of these years, if
we"re -- Again, unless we"re talking about looking at the
specifics of a year, this may be allocations that are the
product of carryover storage in San Luis that are
independent of where Folsom or Shasta storages may be
going in a particular year.

MR. HITCHINGS: But you don"t know that,
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sitting here today, whether that"s the case; correct?

WITNESS MILLIGAN: 1 think -- No, I don"t.

MR. HITCHINGS: Okay. 1°d like to --

WITNESS MILLIGAN: 1°d like to be able to
say --

MR. HITCHINGS: -- move on to --

WITNESS MILLIGAN: -- that it"s pulling on the
reservoirs to make allocations South-of-Delta.

MR. HITCHINGS: Okay. Let"s move on to your
health and safety pumping levels in your testimony.

IT we could move to Page 4, and it"s the last
paragraph, First sentence.

And if you could just take a moment to read
that -- that section.

WITNESS MILLIGAN: 1°m sorry. 1 went in the
wrong direction.

Page 47

MR. HITCHINGS: Yes.

WITNESS MILLIGAN: What"s the paragraph?

MR. HITCHINGS: Page 4, last full paragraph, is
a sentence -- There®"s a number of highlighted sentences
there and a couple questions on the first sentence.

WITNESS MILLIGAN: Okay. Yes, | see this.

MR. HITCHINGS: Okay. So in that first
sentence, are you asserting that providing water for
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refuges is for public health and safety purposes?

WITNESS MILLIGAN: We -- During the drought, we
actually have had some discussion along these lines, and
given the potential for fish -- excuse me -- bird kills
and the dire conditions for water foul, that some water
for refuges in very low conditions would, in fact, be a
public health and safety concern.

MR. HITCHINGS: And then how much of that 1500
cfs minimum is periodically used for refuge supplies
under those conditions when pumping is reduced to meet
minimum health and safety needs?

WITNESS MILLIGAN: 1 would say, depending on
the time of the year, and . . . but typically that might
be more of a fall or a winter type operation, not so much
in the -- Most likely, a fall is a —-- would relate
potentially to a health and safety concern but typically
not a summertime operation.

So where we have run into the 1500 cfs in the
past, in many times talking about minimum health and
safety level pumping, has been in the spring and summer
period.

MR. HITCHINGS: Let"s look at your second
sentence there, and that says (reading):

"An operation that assumes a minimum pumping of

300 cubic feet per second from Jones . . . for an
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extended period of time is impractical and not
consistent with safe operation . . . As such,
Reclamation would not operate the CVP in a manner
that would require the pumping levels depicted in
MBK®"s modeling."

Reclamation did, in fact, operate the Jones
Pumping Plant in 2014 and "15 at the pumping levels
depicted in MBK"s modeling; isn"t that correct?

WITNESS MILLIGAN: 1 —-- It appears to me that
the level of minimal cycling and pumping that would be
required was much more often in the MBK modeling.

MR. HITCHINGS: No. But just for 2014 and "15,
Reclamation did operate Jones in the way that it"s
depicted in MBK"s modeling; is that correct.

WITNESS MILLIGAN: My point isn"t the pumping
level.

Yes, there were periods of time where we did
have to pump at that level, but the amount or the
occurrences of that were far less than what we would
typically think. We*d only be in the most extreme
circumstances, like "14 and "15, where that may be the
last resort operation. And my observation of the MBK
modeling is that"s occurring more often, so .

Although, as a snapshot within CalSim, is that
an occurrence that we saw in those particular years? The
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answer"s yes. But we"re seeing it far more often than we
think would be appropriate in the overall MBK model, and
that"s -—-

MR. HITCHINGS: Well, let me ask --

WITNESS MILLIGAN: -- the point of our --

MR. HITCHINGS: -- this:

Would Reclamation bring Shasta or Folsom down
to dead pool levels or below the NIMS Biological Opinion
RPA levels to support Jones pumping above 300 cfs?

Biological Opinion: We would -- That is a very
general question.

Under certain circumstances, yes, we would. We
would work with NOAA fisheries. And, frankly, if it was
a controlling feature within the Fish and Wildlife
Service, the Biological Opinion, we do have processes in
place that, if this is a question of public health and
safety, that we would analyze that and find it"s the
least risky operation from a fisheries standpoint to be
able to carry that off --

MR. HITCHINGS: And that would --

CO-HEARING OFFICER DODUC: -- but we would
certainly consider it.

MR. HITCHINGS: That would require you to go
through a consultation process and potentially a
Temporary Urgency Change Petition process?
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WITNESS MILLIGAN: Well, as it relates to -- As
it relates to the Biological Opinions, we probably would
enter into some form of consultation. 1 don"t know if it
would be formal or not.

But given the urgency of the situation, we
would probably be actively speaking with the fishery
biologists and the -- the ESA folks within both NOAA
fisheries and Fish and Wildlife Service and probably
reaching out to State Fish and Wildlife as well about the
circumstances and see what our options are.

But we would -- That would be a very -- Because
it"s a public health and safety concern, we"d be acting
fairly quickly.

Now, we"d also have to evaluate the situation
as 1t was to see if a Temporary Urgency Change Petition
was necessary in that circumstance. Not knowing all the
specifics, it would be very difficult to know.

MR. HITCHINGS: Well, let"s go to Page 9 of
your testimony, First paragraph.

(Document displayed on screen.)

MR. HITCHINGS: And if you"d just take a moment
to read that.

WITNESS MILLIGAN: (Examining document.)

Yes, | see that.

MR. HITCHINGS: So according to this testimony,
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Petitioners exercise their judgment within the modeling
to set the minimum pumping at Jones and Banks during
extreme conditions as part of their modeling for the
Cal~WaterFix Project; correct?

WITNESS MILLIGAN: Yes.

MR. HITCHINGS: And, conversely, MBK exercised
their judgment on this modeling assumption for their
modeling for the Project; isn"t that correct?

WITNESS MILLIGAN: Yes, they did.

MR. HITCHINGS: Because, as you state, it"s not
a hard constraint within CalSim; correct?

WITNESS MILLIGAN: 1t is obviously something
you can change within CalSim. So, obviously, a modeler
has -- can go into the code and modify the code to
manipulate this input.

MR. HITCHINGS: So do you know whether MBK®"s
modeling results with regard to the Cal WaterFix
Projects®™ potential effects on upstream storage would be
different if their modeling had used the same minimum
pumping levels at Jones and Banks as the Petitioners®
modeling did?

MS. AUFDEMBERGE: 1°m going to object to this
question.

We"re getting further into the realm of
modeling and Ron is -- has used modeling results to
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discuss operations, but he is not here today as a
modeling expert. We have modeling experts in the next
upcoming panels.

CO-HEARING OFFICER DODUC: Mr. Hitchings.

MR. HITCHINGS: 1 am asking ask him whether he
knows that, and he has referred to the modeling results
within his rebuttal testimony and this question®s
directly relevant to that.

CO-HEARING OFFICER DODUC: Okay. Mr. Milligan,
please.

Mr. Bezerra.

MR. BEZERRA: 1 just want to anticipate
possible further objections along this line.

Mr. Milligan®s testimony is all about
critiquing MBK"s modeling and presents extensive modeling
results.

CO-HEARING OFFICER DODUC: Thank you.

Mr. Milligan, please answer.

WITNESS MILLIGAN: As 1 understand the
question, If MBK had used the same assumptions related to
health and safety export levels, would that have changed
the upstream storage levels in -- in their modeling
results?

MR. HITCHINGS: Correct.

WITNESS MILLIGAN: And the answer is, no, |
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haven t seen those results so | don"t know if that"s --
if that is -- and I"m not asserting that it wouldn®t or
would be different. 1 just don"t know what it is.

But 1 am concerned that the assumption that MBK
has used here would create a circumstance that we don"t
think would be supportable, and we want to avoid that
type of operations for health and safety, particularly as
it relates to Jones Pumping Plant.

MR. HITCHINGS: Okay. Thank you.

I think that®s all the cross that I have at
this point. Thank you.

CO-HEARING OFFICER DODUC: Thank you,

Mr. Hitchings.

And as Mr. Bezerra®s coming up, let me handle a
couple of housekeeping issues.

Miss Aufdemberge told us this morning that
Mr. Milligan would not be available after 1 o"clock.

MS. AUFDEMBERGE: Correct.

CO-HEARING OFFICER DODUC: In the future, 1
would like prior -- at least the day before being
informed of that for the purpose of everyone else who"s
planning to conduct cross-examination of Mr. Milligan.

Secondly, I will expect, then, Mr. Mizell, that
your next three witnesses, Bryan, Owen and Preese, will
be available immediately this afternoon so that there is
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no gap this the hearing.

Is that correct?

MR. MIZELL: That"s correct.

CO-HEARING OFFICER DODUC: And Mr. Mizell has
concurred.

And, finally, for the court reporter, as well
as everyone®s sake, given this change in Mr. Milligan®s
scheduling, we will then take our break at 11 o“clock and
not take our lunch break until 1 o"clock.

THE REPORTER: (Nodding head.)

CO-HEARING OFFICER DODUC: All right.

Mr. Bezerra.

And, Mr. Hitchings, you did -- wherever you
are -- a very good job at estimating your time. Thank
you very much.

MR. HITCHINGS: Thank you.

CROSS-EXAMINATION BY

MR. BEZERRA: 1 think you -- Good morning,

Mr. Milligan. My name"s Ryan Bezerra. [I"m attorney for
Protestants City of Folsom, City of Roseville, San Juan
Water District and Sacramento Suburban Water District in
this hearing.

WITNESS MILLIGAN: Good morning.

MR. BEZERRA: 1°d like to start off:

First of all, your testimony generally is a
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critique of MBK"s modeling testimony; correct?

WITNESS MILLIGAN: 1 would say it"s maybe a
critique or at least comments on some of the assumptions
within that modeling.

MR. BEZERRA: Okay. Thank you.

Could we please pull up SVWU-1077?

(Document displayed on screen.)
MR. BEZERRA: And in particular Page 28.
(Document displayed on screen.)

MR. BEZERRA: Thank you.

And could we scroll down a little so we can
pick up all of Table 3 there.

(Scrolling up document.)

MR. BEZERRA: Thank you.

Okay. Mr. Milligan, do you see the table
labeled "Average Annual Change in CVP Delivery by Water
Year Type DWR/USBR BA Alternative 4A versus' -- excuse
me -- "minus DWR/USBR BA NNA'?

WITNESS MILLIGAN: I see the table but please
don*"t ask me to read it.

MR. BEZERRA: Understood.

IT we could blow that up a little.

(Document on screen enlarged.)

WITNESS MILLIGAN: Thank you.

MR. BEZERRA: Mr. Milligan, does this --
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does -- You see the section on the table labeled "South
of Delta"?

WITNESS MILLIGAN: Yes, 1 do.

MR. BEZERRA: And do you see the column "Ag
Service'"?

WITNESS MILLIGAN: Yes.

MR. BEZERRA: And do you see that, in "All

Years,' there®s a minus 13 representing minus 13,000
acre-feet?

WITNESS MILLIGAN: 1 see the -- the row that"s
labeled "All Years'™ and that number, minus 13.

MR. BEZERRA: Does -- Is it your understanding
that Petitioners®™ modeling shows that the average of all
years CVP South of Delta Ag Service Contractors would

receive an average of minus 13,000 acre-feet with the

proposed action versus the No-Action Alternative?

WITNESS MILLIGAN: If . . . Again, to clarify:

That 1s what the modeling is showing iIf there
is no changes to any of the number of criteria and
sharing between the CVP and the State Water Project, for
example, according to the Operating Agreement or
otherwise, that it would be less water for the CVP South
of Delta.

MR. BEZERRA: And that is -- This minus 13
acre-feet as an annual average, is that consistent with

California Reporting, LLC - (510) 224-4476
www . CaliforniaReporting.com

49





10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

50

your understanding of what Petitioners®™ model show would
be the effect on South-of-Delta CVP ag deliveries as a
result of the implementation of California WaterFix?

WITNESS MILLIGAN: Again, without any
additional negotiations about how the two Projects would
share the available water South of Delta, this is -- this
is a number 1 think is consistent with other modeling
that®s been done to -- to evaluate effects, yes.

MR. BEZERRA: And so you are the Operator of
the CVP currently; correct?

WITNESS MILLIGAN: Yes.

MR. BEZERRA: So in that --

WITNESS MILLIGAN: Operations Manager for
the --

MR. BEZERRA: 1"m sorry?

WITNESS MILLIGAN: 1"m Operations Manager for
the operations office.

MR. BEZERRA: Okay. Thank you very much. 1
appreciate that.

So, in that role, you expect that the CVP and
the SWP will be negotiating alternative operating
arrangements with California WaterFix that are different
than what is assumed in the modeling presented in this
hearing?

WITNESS MILLIGAN: 1 think in terms of sharing
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available supplies that would be diverted in the Delta,
yes.

MR. BEZERRA: So just to confirm: You do
expect that the CVP and the SWP will be negotiating
different operating arrangements for California WaterFix
than have been presented in the modeling in this hearing.

WITNESS MILLIGAN: I think that what"s been
presented in this hearing has been not to be specific
about the split of water between the two Projects at
South of Delta, that that still needs to come.

And this particular modeling is saying, well,
setting that aside, what has been done has -- would
suggest that you have less water for the CVP. And it"s
my expectation that Reclamation -- that some of the water
that"s being currently shown, just like the companion
chart for the State Water Project, shows additional water
that you"re getting -- you see a plus here -- that we
woulld find a way to share that water, to be able to
identify the minus -- to take care of this minus.

Now, CVP does have a benefit in the dry year,
if you looked at that row. But my expectation is, we
would see slightly different sharing of the available
water in the Delta.

MR. BEZERRA: So, just again, it"s a yes-or-no
question.
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As the Operator of the CVP, do you expect that
the CVP and the State Water Project will negotiate
different operating criteria for California WaterFix than
has been presented in the modeling for this hearing?

MS. AUFDEMBERGE: [I1"m going to object if he"s
going to ask that again. Not only is it asked and
answered, but the -- I think there"s a confusion on his
definition of "operating criteria."

CO-HEARING OFFICER DODUC: Mr. Bezerra, your
definition of "operating criteria”?

MR. BEZERRA: 1t would be whatever Mr. Milligan
indicates the CVP and SWP will be negotiating in the
future.

CO-HEARING OFFICER DODUC: 1It"s an important
point.

Mr. Milligan, please answer.

WITNESS MILLIGAN: 1 guess as the Operations
Manager, this really has not been my functional tasks.

My task would be to operate the Project, and
I"m not in a position to be dictating the terms between
Reclamation and the Department of Water Resources as to
how they“"re going to operate.

So I will say again, this is my understanding,
is that this modeling, as currently presented, would show
slightly less water for the CVP, particularly South of
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Delta, but that has also coincided with an increase of
supplies for the State Water Project.

And it had been my understanding and has been
my testimony, particularly when myself and Mr. Leahigh
testified, that we collectively made our presentations
about the total amount of water between the two Projects
be made available.

MR. BEZERRA: Okay. Thank you again.

But you are here to testify as the CVP Operator
to critique MBK®"s modeling of how the CVP would operate
with California WaterFix; correct?

WITNESS MILLIGAN: Yes.

MR. BEZERRA: Thank you.

Now, in answering Mr. -- similar questions of
Mr. Hitchings, you said there"s a lot of work to be done
to determine how the CVP and the State Water Project
would work to share water with California WaterFix in
place; correct?

WITNESS MILLIGAN: That"s my -- That®s my
observation, yes.

MR. BEZERRA: What work do the CVP and the SWP
have to do to determine how to share water with
California WaterFix in place?

WITNESS MILLIGAN: Well, one would be to
evaluate, as this process goes further, as to what the

California Reporting, LLC - (510) 224-4476
www . CaliforniaReporting.com





10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25
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exactly how the protections would be laid out.

MR. BEZERRA: No. Can .

MS. AUFDEMBERGE: Objection.

MR. BEZERRA: The witness isn"t answering the
question.

CO-HEARING OFFICER DODUC: One at a time.

Miss Aufdemberge?

MS. AUFDEMBERGE: 1 have an objection to this
line of questioning: It"s beyond the scope of his
rebuttal testimony.

CO-HEARING OFFICER DODUC: Mr. Bezerra.

MR. BEZERRA: 1 don"t believe it"s beyond the
scope of his rebuttal testimony. His entire rebuttal
testimony is a critique of how MBK depicted the Projects
would operate with California WaterFix in place.

So if he has some lack of understanding as to
that, we are -- should be able to answer -- excuse me --
ask guestions to determine how -- what needs to be done
so we can understand how the Projects would operate.

CO-HEARING OFFICER DODUC: Mr. Mizell.

MR. MIZELL: 1I°m going to join in
Miss Aufdemberge®s objection.

What Mr. Bezerra is seeking is to predetermine
negotiations that have yet to occur, and Mr. Milligan has
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not testified to what those negotiations would consist
of, nor what the result would be.

MS. AUFDEMBERGE: I -- Can I add?

CO-HEARING OFFICER DODUC: Miss Aufdemberge.

MS. AUFDEMBERGE: His critique does not go to
how the model®s aggregated, the supplies available
through the Cal WaterFix, but his critique goes to the
aggressive operational philosophy used to show an impact
to storage.

CO-HEARING OFFICER DODUC: 1It"s a fine point
but, Mr. Bezerra, I will allow you to seek as long as you
walk that fine line.

MR. BEZERRA: 1711 attempt to find that line.

So I know I asked Mr. Milligan an open-ended
question that was interrupted by counsel, so I1"d like to
jJjust repeat the question.

Mr. Milligan, you testified in response to
Mr. Hitchings that there"s a lot of work to be done
between the CVP and the SWP to allocate water with
California WaterFix in place.

What work needs to be done between the two
Projects?

WITNESS MILLIGAN: Well, there"s quite a bit of
work to be done. 1 think that"s been identified and
discussed iIn general.
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But part of that will depend on, as we get into
specifics as to the protections for the -- specific
protections that are going to be needed, particularly as
it relates to the Delta.

I think particularly of interest is, how do we
share the amount of water that will be available for
export in the Delta that"s currently being shown in
aggregate between the two Projects, and how will that be
shared?

I think that"s the primary aspect of this, not
how -- what our operational philosophies will be.

MR. BEZERRA: Okay. If we could please pull up
Exhibit BKS-53.

(Document displayed on screen.)

MR. BEZERRA: And, Mr. Milligan, this exhibit
is excerpts of the July 2016 Biological Assessment for
California WaterFix that I believe the Bureau of
Reclamation produced. It is generally Staff Exhibit
SWRCB-104. This is just a small excerpt -- These are
excerpts from the description of the proposed action.

Are you familiar with the July 2016 Biological
Assessment for California WaterFix?

WITNESS MILLIGAN: Not intimately, but 1 have
reviewed sections of it.

MR. BEZERRA: Okay. Could we please scroll
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down to Page -- the third page of this.
(Document displayed on screen.)

MR. BEZERRA: And the highlighted section
discusses spring outflow criteria for California
WaterFix; correct?

WITNESS MILLIGAN: (Examining document.)

MR. BEZERRA: And 1 have to apologize. | have
copies of this that 1 could provide you if that would be
more -- easier.

WITNESS MILLIGAN: Well, that could be easier.

All 1 could say is, it does seem to be
discussing longfin smelt and spring outflow associated
with habitat for longfin.

MR. BEZERRA: 1711 give you a copy. That"ll
make everybody®s life easier.

(Document distributed.)

WITNESS MILLIGAN: Thank you.

MR. BEZERRA: Would the Board and counsel
appreciate copies as well?

(Document distributed.)

MR. BEZERRA: Okay. Mr. Milligan, let me point
you to sentence that"s in the highlighted section that
begins, "To avoid."

And it reads (reading):

"To avoid a reduction in overall abundance for
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longfin smelt, the PA™ -- proposed action --

"includes spring outflow criteria, which are

intended to be provided by appropriate beneficiaries

through the acquisition of water from willing
sellers.”
WITNESS MILLIGAN: Yes, | do see that. |1
appreciate the hard copy.

MR. BEZERRA: 1 try.

Mr. Milligan, are you aware of any agreements
between Reclamation and any willing sellers to contribute

water to spring outflow criteria that may be required as

part of the approvals of California WaterFix?
WITNESS MILLIGAN: No, 1°m not.

MR. BEZERRA: Okay. Are you aware of any
discussions to obtain that water from willing sellers?
WITNESS MILLIGAN: Currently, no.

MR. BEZERRA: Okay. Thank you.
Let me point you to the next section in the
next sentence, which reads (reading):
"IT sufficient water cannot be acquired for
this purpose, the spring outflow criteria will be
accomplished through operations of the CVP/SWP to

the extent an obligation is imposed on either the

SWP or CVP under federal or applicable state law."

To the best of your knowledge, have the CVP and
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SWP determined how they will bear responsibility for
these spring outflow criteria as part of California
WaterFix?

WITNESS MILLIGAN: No. 1 think it would
probably depend on the extent of an obligation imposed by
Federal or State law.

MR. BEZERRA: And so this is a matter that the
CVP and SWP will need to determine in the future in
relation to California WaterFix?

WITNESS MILLIGAN: 1t would appear.

MR. BEZERRA: As part of that sentence, it says
that these spring outflow criteria will be accomplished
in the operations of the CVP/SWP.

As the CVP Operator, how might that be
accomplished?

MS. AUFDEMBERGE: Objection: This is way
beyond the scope.

CO-HEARING OFFICER DODUC: To the best of your
ability, Mr. Milligan.

And if you don"t know, then just say so.

WITNESS MILLIGAN: Well, how we would do that,
I am not sure. But it would probably be a combination of
increased storage release and/or reduced exports at a
particular time.

My understanding of this action is to have
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spring outflows, and to augment spring outflows is
usually one of those two things.

MR. BEZERRA: Thank you.

And by "storage releases,' you mean storage
releases from any CVP Reservoir?

WITNESS MILLIGAN: Well, 1 would assume a CVP
Reservoir that could provide Delta outflow, Net Delta
Outflow.

MR. BEZERRA: And what CVP Reservoirs could
provide Net Delta Outflow?

WITNESS MILLIGAN: Well, typically -- A typical
operation, we"re probably talking about released storage
from Shasta or Folsom. But in theory, water imported
from the Trinity Basin could do that.

It is possible that water released at New
Melones could contribute to that. And it is conceivable
even water released from Millerton during a time when we
had the connectivity to the San Joaquin River could also
in theory do that.

CO-HEARING OFFICER DODUC: In other words,
highly speculative at this point.

WITNESS MILLIGAN: 1f someone were to press
where it would come from, it would probably be at Shasta
or Folsom, but it is possible to operate in a way could
make that possible.
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But, again, the other option is to reduce
exports at a particular time.

MR. BEZERRA: And the two Projects would have
to determine how this would be accomplished before
California WaterFix could begin operation; correct?

MS. AUFDEMBERGE: 1"m going to renew my
objection:

This is beyond the scope of Mr. Milligan®s
testimony. This goes into Part 2 issues of mitigation
for fish impacts.

I . . . That"s my objection.

CO-HEARING OFFICER DODUC: 1 am interpreting
Mr. Bezerra®s questioning as it applies to operation in
regards to what is before us, so in that aspect, your
objection is overruled and Mr. Milligan will answer to
the best of his ability.

Obviously, your objections earlier about
speculating as to the potential outcome of these
negotiations between the Projects are things Mr. Milligan
cannot answer and will not be able to answer.

MR. BEZERRA: Understood.

So the question was: The Projects will need to
determine how to comply with any spring outflow criteria
in the future before California WaterFix begins
operations; correct?
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WITNESS MILLIGAN: 1 would assume that all the
criteria that may be part of what comes out of the
Biological Opinions, of which this may be a subcomponent
of, we would have to understand how the Projects would
operate in order to deal with that.

And that"s a generic answer, and | don"t know
how to answer it in much more detail, because we don"t
know specifically to what extent it may -- the size of an
action and/or if that would be something that may be more
geared to one of the Projects or the other specifically.

MR. BEZERRA: Thank you.

So, beginning a new line of questioning.

IT we could pull up Mr. Milligan®s testimony,
Exhibit --

CO-HEARING OFFICER DODUC: And that reminds me,
Mr. Bezerra.

MR. BEZERRA: Yes?

CO-HEARING OFFICER DODUC: You did not give us
an outline.

MR. BEZERRA: Oh, 1 apologize, yes.

So we"ve just dealt with the first part, which
were to deal with some issues that were opened by
Mr. Hitchings® cross-examination about the assumptions
that went into Mr. Milligan®s critique of MBK"s modeling.

I now want to ask him about some of his
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statements regarding how the CVP operates.

And then . . . 1 want to ask him about .

I think that -- that covers it.

CO-HEARING OFFICER DODUC: All right.

MR. BEZERRA: There are a couple different

subtraits of that category.

So if we could pull this Exhibit DOI-36,

please.
(Document displayed on screen.)

MR. BEZERRAF: Okay. Thank you.

And on that Page 1, if we could scroll down to

the heading "‘Operational Philosophy."
(Scrolling down document.)

MR. BEZERRA: Mr. Milligan, do you see that

first sentence under the heading (reading):

"The CVP was developed, in part, to improve
water supply reliability and subsequently drought
relieve.”

WITNESS MILLIGAN: Yes.

MR. BEZERRA: Have you been employed by

Reclamation the entire time since the CVP was developed?

WITNESS MILLIGAN: No, I have not.

MR. BEZERRA: And the CVP components were

authorized by a series of Federal laws; correct?

WITNESS MILLIGAN: Correct.

California Reporting, LLC - (510) 224-4476
www . CaliforniaReporting.com

63





10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

64

MR. BEZERRA: Further down in that paragraph,
there"s a sentence that begins (reading):

"The CVP is (and always has been) operated to
make full use of excess water during wet periods and
use stored water to supplement releases and
deliveries when adequate water is not otherwise
available."

Do you see that sentence?

WITNESS MILLIGAN: Yes, 1 do.

MR. BEZERRA: You have not been employed by
Reclamation the entire time the CVP has been operating;
correct?

WITNESS MILLIGAN: No, I have not.

MR. BEZERRA: You began as the CVP"s Operator
in 2004, 1 believe?

WITNESS MILLIGAN: As the Operations Manager,
yes.

MR. BEZERRA: Operations Manager.

And so you did not serve as the CVP"s
Operations Manager before the 1995 Bay-Delta Water
Quality Control Plan took effect; correct?

WITNESS MILLIGAN: That"s correct.

MR. BEZERRA: If we could go to Page 3 of his
testimony.

(Document displayed on screen.)
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MR. BEZERRA: And the last paragraph of Page 3,
please.

(Document displayed on screen.)

MR. BEZERRA: Mr. Milligan, do you see the
sentence in that paragraph (reading):

"Given the possibility of an upcoming drought
in any year, Reclamation®s philosophy has always
been to minimize releases in the fall and prioritize
upstream storage for the following year."

Do you see that --

WITNESS MILLIGAN: Yes.

MR. BEZERRA: -- sentence?

WITNESS MILLIGAN: Yes, 1 do.

MR. BEZERRA: Thank you.

And, again, you have not been the CVP
Operations Manager the entire time the CVP has operated;
correct?

WITNESS MILLIGAN: That is correct.

CO-HEARING OFFICER DODUC: Mr. Bezerra, I don"t
know how many additional sentences you®re going to point
out with this theme, but perhaps we can cut to the chase.

Mr. Milligan, since you have not been employed
by CVP during the entirety of this Project, on what basis
do you make these statements in your testimony?

WITNESS MILLIGAN: In essence, as a review of
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some of the authorizing language, looking at the -- and
reviewing older documents that we"ve through the period
of time been developing, Project descriptions for
particularly the 2008 Biological -- 2008-2009 Biological
Opinions, looking at some of the old operating criteria
and plans.

The i1dea of picking up excess flows in the
Delta iIn the wintertime period and restoring that in the
San Luis have been kind of an underlying theme, and to be
able to then build your storage in your upstream
reservoirs for later in the summer and thinking about
subsequent operations beyond just that particular year.

Now, some of these statements may be somewhat
dated to a degree as being post-San Luis unit, post-State
Water Project.

Certainly, though, prior to the State Water
Project and San Luis unit coming online, the CVP did make
significant use of available flows iIn the spring period
to meet irrigation demands and try to minimize its
upstream releases.

So it"s basically a review of past operating
criteria, plans of the past, the authorizing documents,
and then also talking with folks that have been working
with the Project quite a bit longer than 1 have.

CO-HEARING OFFICER DODUC: If you have a point
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that you®d like to get to in this line of questioning,
Mr. Bezerra, rather than walk us through multiple
sentences?

MR. BEZERRA: Yes.

CO-HEARING OFFICER DODUC: Please go there.

MR. BEZERRA: So, Mr. Milligan, you have
understanding of how the CVP operated before the 1995
Bay-Delta Water Quality Control Plan took effect?

WITNESS MILLIGAN: 1 have some knowledge, yes.

MR. BEZERRA: And you have knowledge of how the
CVP operated the Joint Point of Diversion Under Decision
14857

WITNESS MILLIGAN: Yes.

MR. BEZERRA: And did the CVP use Joint Point
of Diversion differently under D-1485 versus under the
1995 Bay-Delta Water Quality Control Plan?

CO-HEARING OFFICER DODUC: Hold on
Mr. Milligan.

Mr. Mizell.

MR. MIZELL: Yeah. 1°m going to object to this
as being beyond the scope of Mr. Milligan®s testimony.

What we have here is an attempt to go back in
time and question him about operational practices in the
past that are not part of this Project, not part of what
we propose to do, and 1 just don"t see how it"s relevant.
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CO-HEARING OFFICER DODUC: Mr. Mizell,
Petitioners make the argument of looking at your past
practices and your past operation and use the "Trust Us"
argument in terms of future operation.

So 1l ——- 1 will allow Mr. Bezerra some latitude
in terms of exploring this -- this avenue.

But 1 appreciate that Mr. Milligan may not be
able to answer specific questions with respect to past
State Water Project operations.

MR. BEZERRA: Yes, 1 understood that.

MR. MIZELL: 1°d like to note that D-1485 is
not part of the proposed Project.

CO-HEARING OFFICER DODUC: Mr. Bezerra.

MR. BEZERRA: Yes. Thank you.

So, Mr. Milligan, do you understand that the
CVP used Joint Point of Diversion differently under
D-16 -- D-1485 than under the 1995 Bay-Delta Water
Quality Control Plan?

WITNESS MILLIGAN: Yes.

MR. BEZERRA: Okay. Thank you.

Okay. Referring back to that sentence that we
were talking about, given the possibility of an upcoming
drought in any given year, you say that (reading):

. Reclamation®s philosophy has . . . been
to . . . prioritize upstream storage for the
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following year."

What does that mean, to "prioritize upstream
storage'?

WITNESS MILLIGAN: And I"ve . . . 1 apologize
if the sentence isn"t clear.

This is a question of prioritizing, let"s say,
decision that there is available capacity in the Delta to
move water, let"s say, into storage and San Luis
Reservoir, the Federal share.

Many times, Reclamation would prioritize,
keeping a good part of that -- chunk of that water in
storage in its upstream reservoirs as opposed to moving
the water, releasing it, many times probably paying a
fairly high carriage water loss to move some portion of
that and release then into storage south of Delta.

So we do see a premium in going into a
subsequent year of keeping water in storage in our
onstream reservoirs as opposed to moving water offstream
except in the most kind of lopsided scenarios, which
would be a scenario where, gee, we"re fairly close to our
topic conservation pools. We may have -- may be coming
off of a wet year but, for whatever reason, may have some
very low storage at San Luis.

That may be a circumstance where we would
consider paying a premium, if you will, on carriage water
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to be able to move across the Delta.

But as a general rule, we will want to make sure
that we take -- first take care of business in terms of
having a -- a good starting point to build our offstream
storage coming into a new Water Year.

MR. BEZERRA: The operation you just described,
is that required by any law or regulation?

WITNESS MILLIGAN: That 1°"m aware of.

MR. BEZERRA: So that is a discretionary
decision by CVP Operators.

WITNESS MILLIGAN: Yes. The discretion that we
believe gives us a high likelihood of meeting our
regulatory and contractual obligations.

MR. BEZERRA: And that -- that discretionary
decision could change at any time; correct?

WITNESS MILLIGAN: Well, I think within the
construct of . . . Some of those things would take
longer to change, let"s say, if they"re a matter of
policy, but those things could change.

MR. BEZERRA: Thank you.

1*d like to refer to Exhibit BKS-50, please.

CO-HEARING OFFICER DODUC: Mr. Bezerra, how
much longer do you anticipate needing?

MR. BEZERRA: 1 think 15 minutes tops?

CO-HEARING OFFICER DODUC: Are you okay with
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going another 157

THE REPORTER: (Nodding head.)

CO-HEARING OFFICER DODUC: Okay. We®"lIl take
our break then.

MR. BEZERRA: (Distributing documents.)

(Document displayed on screen.)

MR. BEZERRA: Mr. Milligan, Exhibit BKS-50 is
excerpts from a December 7th, 2015, draft order that this
Board issued, and I have a full copy of it if you™d like
to see the full copy.

Are you -- Were you aware of this order, draft
order, at the time this Board issued it?

WITNESS MILLIGAN: Is this a draft order or is
this an order?

MR. BEZERRA: This is the draft.

WITNESS MILLIGAN: Oh.

MS. AUFDEMBERGE: 1"m going to object: | can"t
envision currently how this is possibly related to his
rebuttal testimony.

CO-HEARING OFFICER DODUC: Mr. Bezerra.

MR. BEZERRA: Yes. 1It"s related to his
rebuttal testimony because he has testified that the CVP
prioritizes the protection of upstream storage in its
operations as a discretionary philosophy.

And in this draft order, the State Board
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proposed and ultimately required minimum upstream storage
in drought conditions.

CO-HEARING OFFICER DODUC: So why are you not
operating from a final order?

MR. BEZERRA: Because | need to discuss how the
CVP responded to your draft order.

CO-HEARING OFFICER DODUC: All right.

Overruled, Miss Aufdemberge.

Continue, Mr. Bezerra.

MR. BEZERRA: So, Mr. Milligan, are you aware
of this draft order?

WITNESS MILLIGAN: Well, I -- It would not
surprise me there was a draft prior to the final order.

MR. BEZERRA: Okay. Thank you.

IT you could please refer to the second page of
that exhibit. In particular, there"s a Paragraph 4.

WITNESS MILLIGAN: Yes.

MR. BEZERRA: And it"s highlighted on the
screen.

In this paragraph, this Board proposed a
minimum October *16 storage level of 200,000 acre-feet at
Folsom Reservoir.

Do you see that?

WITNESS MILLIGAN: Yes, 1 do.

MR. BEZERRA: Do you knowhow how Reclamation
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responded to this draft order?

WITNESS MILLIGAN: Specifically no, but it
wouldn®t surprise me if | addressed the Board and said 1
don"t believe this is a good idea.

MR. BEZERRA: Okay. Let me pull up Exhibit
BKS-51.

(Document displayed on screen.)

MR. BEZERRA: (Distributing document.)

Do you see on the second page of Exhibit BKS-51
this letter was signed by David Murrillo, the Regional
Director of the Mid-Pacific Region of Reclamation?

WITNESS MILLIGAN: Yes.

MR. BEZERRA: I1f we could go back to the first
page, the first highlighted section. It says (reading):

"However, we object to the Board adoption of

the above-referenced Proposed Order, as currently
drafted, due to procedural and substantive
concerns."

WITNESS MILLIGAN: I see that.

MR. BEZERRA: Do you recall making comments at
this Board in support of this draft letter?

WITNESS MILLIGAN: 1 don"t know if 1
specifically made comments as it relates to this letter,
but I do believe I made comments that are along these
lines, yes, as an example.

California Reporting, LLC - (510) 224-4476
www . CaliforniaReporting.com





10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

74

MR. BEZERRA: And by "along these lines,"™ do
you mean you appeared here to object to the Board"s
imposition of minimum carryover requirements in upstream
reservoirs as part of the draft order?

WITNESS MILLIGAN: Yes.

MR. BEZERRA: Thank you very much.

That completes my cross-examination.

CO-HEARING OFFICER DODUC: Thank you,

Mr. Bezerra.

With that, we will take a 15-minute break.

We will resume at 11:20 and then we"ll continue
until 1 p.m.

(Recess taken at 11:05 a.m.)

(Proceedings resumed at 11:20 a.m.)

CO-HEARING OFFICER DODUC: Please take your
seats. It is 11:20 and we"re going to resume.

Before Ms. Nikkel begins her cross-examination,
if my math is correct, and if everyone is extremely
efficient and stick to the lower range of their time
estimates, we might be able to finish your
cross-examination by 1:00, Mr. Milligan, but it"s
possible that we also might not, in which case, | would
like a time certainty of when you®"ll be returning for the
rest of your cross-examination.

Will that be tomorrow morning?
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WITNESS MILLIGAN: 1 leave it to my counsel.
That i1s possible.

CO-HEARING OFFICER DODUC: 1 want a time
certainty so that crossers may be prepared.

WITNESS MILLIGAN: We can do tomorrow morning.

CO-HEARING OFFICER DODUC: Tomorrow morning,
starting at 9:30 --

WITNESS MILLIGAN: Yes.

CO-HEARING OFFICER DODUC: -- if we do not
finish by 1 o"clock.

WITNESS MILLIGAN: Yes.

CO-HEARING OFFICER DODUC: All right. Thank
you.

Ms. Nikkel.

MS. NIKKEL: Thank you.

Just to summarize my very brief
cross-examination topics:

Just to start with a couple of followup
questions regarding the testimony on shared capacity, and
then some specific questions about the testimony and
figures relating to North of Delta Ag Service Contract
allocations.

CROSS-EXAMINATION BY
MS. NIKKEL: Good morning, Mr. Milligan.
WITNESS MILLIGAN: Good morning.

California Reporting, LLC - (510) 224-4476
www . CaliforniaReporting.com





10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

MS. NIKKEL: So -- So to start up and follow up
on some of the testimony and questioning, we"ve heard
about the yet-to-occur negotiations regarding the share
of capacity by the -- that will be added by the Project.

Wouldn®"t that yet-to-be-agreed-upon share
between State Water Project and Central Valley Project
change how the upstream storages would be operated under
the CVP?

WITNESS MILLIGAN: Although that"s possible, at
this particular juncture, not necessarily likely.

We probably -- the range of what 1 think will
be -- is currently contemplated would be something that
would stay within the operational framework that we
currently see within what"s been presented in the
environmental documents and in the holistic or in
aggregate operations that we"ve seen so far.

MS. NIKKEL: But it"s possible that those
changes could go outside of what"s been presented so fTar;
correct?

WITNESS MILLIGAN: Well, it is possible. |
guess the question would become whether it"s prudent.

And we would certainly find ourselves in a position that
a range of things that could occur may not be prudent
because they might significantly change the upstream
operations and be potentially putting us at risk to some
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other obligations indirectly contractually or just in
terms of fishery protections for cold water pools,
meeting instream flow requirements of a particular type,
so .

That"s not where we"re thinking. What we"re
thinking is, how do we negotiate what"s currently the
split of where we"re at in the Delta predominantly in the
excess flow conditions and not seeing -- and not
anticipating a significant change in upstream operations.

MS. NIKKEL: But I think I heard you say it is
possible; correct?

WITNESS MILLIGAN: A lot of things are
possible --

MS. NIKKEL: Is that a yes?

WITNESS MILLIGAN: -- but not proved.

MS. NIKKEL: Then I*11 move on.

So that was a yes?

WITNESS MILLIGAN: It is possible, yes.

MS. NIKKEL: Thank you.

Can we please pull up Mr. Milligan®s rebuttal
testimony, DOI-367?

(Document displayed on screen.)

MS. NIKKEL: And on Page 5, there at the top,
starting with Section 1 under "Figures.'" We"re going to
focus on this figure as well as the description of it.
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So, in the first sentence on the label Figure
1.1, your testimony states, that (reading):

"The steep drop in MBK"™ -- And I"m going to

paraphrase slightly (reading):

"The MBK" modeling "at around the 60 percent
exceedance mark and the very low delivery levels
above 80 percent indicate an extreme distribution of
allocations that CVO does not consider reasonable.™

But it would be possible, again, to operate the
Project in a manner that results in those steep drops in
North-of-Delta ag service allocations in 60 percent of
the years; correct?

WITNESS MILLIGAN: Well, the modeling would
suggest that it is. 1°d have to give some more thought
in terms of the actual operations around that, but .
an aggressive allocation philosophy is -- is what this is
representing, and 1 think it does -- and 1 would concur
that the outcome here is if you were aggressive in that
manner and allocating as much as you can, particularly
here, is going to have an effect later on in some dry
sequence and that"s kind of what this modeling indicates,
so .

These exact numbers, are they possible? Hard
to say in real life, but that trend possibly is
representative of something that"s, again, possible.
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But is that a prudent operation? 1°m not sure.

MS. NIKKEL: Are there any legal requirements
that would prevent Reclamation from operating this way?

MS. AUFDEMBERGE: Object: Calls for a legal
conclusion.

CO-HEARING OFFICER DODUC: To your knowledge as
the management -- Manager of Operations, Mr. Milligan.

WITNESS MILLIGAN: 1 think -- Nothing comes to
mind in a direct sense.

What does concern me is, particularly when you
have, as often as this may suggest, low allocations, that
there may be indirect elements here that 1 would really
want to consider because it may put us at risk of not
being able to meet some legal requirement down the road.

And this may be -- It"s hard to isolate these
things, "Oh, it"s just affecting the allocations.” It
may be affecting other things as well.

So if we were actually going to try to
implement this on a long-term basis, this type of
strategy, | would say we"d want to be very, very thorough
on what those implications can be, and more than just the
review I"ve been able to do with this particular model.

MS. NIKKEL: And I think I heard you say that
there are no, to your knowledge, legal requirements that
would prevent Reclamation from operating this way; isn"t
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that correct?

WITNESS MILLIGAN: In a direct sense, no, |
don"t believe there are.

MS. NIKKEL: Thank you.

So another sentence 1°d like to look at is the
second sentence (reading):

"Reclamation will make more conservative
allocations in all but the wettest years iIn an
effort to reserve water supply for more reliable
delivery through drought periods.™

Is this statement an existing requirement in
the operations of the Central Valley Project?

WITNESS MILLIGAN: This has been -- Again, |
don®"t know what that means. But this has been the
practice and is consistent with CVPIA, some of the
language there, about what is the yield of the Project in
some pretty significant drought sequence of late "20s,
early "30s. And this would -- would change that
philosophy certainly, and may have other implications as
well, as | said.

So, again, 1 can®t think of something legally
that directly says, "Thou shalt do this,"™ but there®s a
whole number of things that have evolved over the decades
that fit -- fit within that kind of a philosophy.

MS. NIKKEL: So you®re giving me a lot of
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information and I*m asking a very direct question. 1I™m
going to try one more time.

WITNESS MILLIGAN: 1t"s usually how these work.

MS. NIKKEL: And I"m asking a very specific
yes-or-no question and --

WITNESS MILLIGAN: I"m not aware of a direct
legal requirement that dictates the allocations.

MS. NIKKEL: Thank you.

So now I"d like to look at the figure itself,
Figure 1.1.

I think 1 heard you testify earlier that you
had some assistance in preparing these figures.

Is the person who prepared this figure going to
testify in this proceeding?

WITNESS MILLIGAN: That"s my understanding.

MS. NIKKEL: And who is that?

WITNESS MILLIGAN: 1 think -- 1 believe this
was prepared by either Nancy Parker with the Bureau of
Reclamation, or Kristin White. Both, I believe, are on
the panel later.

MS. NIKKEL: Okay. And can you -- Can you
describe for us just generally what your understanding of
what this table is showing -- or this figure is showing.

WITNESS MILLIGAN: The -- the 1.1 figure?

MS. NIKKEL: Um-hmm.
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WITNESS MILLIGAN: 1It"s, in essence -- And
these, if you haven™t -- haven"t looked very often at
these Exceedance Plots, it"s basically just ranking the
output from the CalSim simulation for a particular set of
assumptions. In this particular case, it"s ranking
delivery and how often that delivery number is met.

So this would say, in the wetter end of —-
Towards the zero in this particular case is -- are wetter
years, and we see that the allocations are fairly high,
or the amount of delivery in this case -- which kind of
will track with allocations as well -- is fairly high for
wetter conditions, and as you get to drier conditions,
you see that that drops off. And depending on how you
operate the CVP or some of your operational assumptions,
you"ll get a different trace as you go through with that,
so .

And the modeling that"s traditionally been done
for the CVP, which is more akin to the blue lines, is
something that"s had many, many years of input from both
folks that get delivery of water as well as Operators for
both the CVP and the State Water Project.

The red lines would imply a change in that
philosophy as to how those allocations would be done. It
does appear that it would be something -- maybe an
imprecise term is more aggressive in making allocations.
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When water®s there, let"s allocate higher numbers, which
would suggest that you can get some higher numbers, but
there"s also some times where you"d get lower numbers as
you get to the drier.

MS. NIKKEL: Okay.

WITNESS MILLIGAN: That"s my interpretation of
what 1"m seeing here.

MS. NIKKEL: Thank you. That"s helpful.

Are you Tamiliar with the concept of export
estimates in the modeling?

WITNESS MILLIGAN: As a term for -- within
CalSim modeling?

MS. NIKKEL: Yes.

WITNESS MILLIGAN: That -- As a precise term,
no.

MS. NIKKEL: 1"11 direct those questions to the
Modelers, then.

WITNESS MILLIGAN: 1°d prefer i1t, yes.

MS. NIKKEL: Last set of questions.

IT we could pull up SVWU-107. And we"ve seen
this table already this morning. We"re looking at
Table 3 on Page 28 of that report.

(Document displayed on screen.)
MS. NIKKEL: All right. Thank you.
There we go. Thank you.
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We"re going to focus on the second set here,
the second table under Table 3 that has the title
"Average Annual Change in CVP Delivery By Water Year Type
DWR/USBR BA Alternative 4A minus DWR/USBR BA NAA."

This is a table showing the differences in the
modeling results as between the No-Action Alternative
that was prepared by the Petitioners and the Proposed
Project that was prepared by the Petitioners; is that
right?

WITNESS MILLIGAN: That"s what the table is
purporting to be representing, yes.

MS. NIKKEL: On the left side of "North of
Delta,™” there"s a term "Ag Service."

Do you see that?

WITNESS MILLIGAN: Yes.

MS. NIKKEL: And it"s your understanding those
numbers reflect the delivery results in the model for Ag
Service Contractors in the north of the Delta; right?

WITNESS MILLIGAN: That would be how 1 would
interpret what"s presented here.

MS. NIKKEL: And, so, isn"t it right that even
under Reclamation®s own modeling, it shows that in some
years North-of-Delta Ag Service Contractors will receive
less water under the Project?

WITNESS MILLIGAN: These suggest there®s
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several water types that have slight changes, but on the
whole, or averaged out, it looks like slightly --
slightly more.

MS. NIKKEL: But on a Water Year type in some
types of Water Years, there will be reductions; right?
Not just changes but actual reductions; is that right?

WITNESS MILLIGAN: Well, let"s see. These
are . . . The units here are thousands of acre-feet.

I*m not sure I"m picking up where the units are
here.

MS. NIKKEL: [It"s right under the table. It
says, "All Values are in 1,000-acre feet."

WITNESS MILLIGAN: Okay. So that"s not a
very -- Those are not very big numbers.

MS. NIKKEL: But it is less; correct?

WITNESS MILLIGAN: Well, the model is
suggesting it could be less. And then I"1l say the -- it
appears to be -- the below normal seems to be the bigger
negative. But my observation with CalSim results is
these are never exactly the same, so -—-

MS. NIKKEL: Thank you.

WITNESS MILLIGAN: -- this is not a very big
change.

MS. NIKKEL: I think 1 heard your answer.

Thank you. That"s all | have.
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CO-HEARING OFFICER DODUC: Now, Mr. Milligan,
now that you®ve had to answer this same question twice
about this table, does your last answer apply to all the
columns in this table?

WITNESS MILLIGAN: That .

CO-HEARING OFFICER DODUC: That that"s what the
models suggest.

WITNESS MILLIGAN: That is what -- Not having
examined model output to these numbers, 1 have not done
that kind of fact checking, but this is what this table
seems to suggest.

And accepting at face value the pluses and
minuses here, that, you know, there®"s some numbers that
are a little bit bigger than others, and there are some

that are very small, and 1 would say those are not very

significant.
This -- The CalSim output is not an exact
science, so this would show -- My interpretation of a lot

of these numbers are that they"re pretty close to no
change.

The South-of-Delta export numbers are probably
ones that warrant a little more inspection.

CO-HEARING OFFICER DODUC: Thank you.

Thank you, Miss Nikkel.

And next up is Group Number 18.
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MR. WASIEWSKI: Good morning, Mr. Milligan.

WITNESS MILLIGAN: Good morning.

MR. WASIEWSKI: The two issues that 1 want to
go into today are: First, the operational philosophy of
Reclamation; and then the second is actually going to be
an issue brought up by Mr. Leahigh on joint operations.

And the reason | want to go into that is
because Mr. Leahigh has testified as to joint operations
but has only backed it up with data from the SWP. So 1
would like to ask Mr. Milligan™s opinion regarding the
CVP side of that. 1I°Il1 limit it to that only.

CO-HEARING OFFICER DODUC: Okay. With respect
to the operational philosophy, we"ve already established
that there -- the operational philosophy, yes, does
extend beyond Mr. Milligan®s time with the Project but
that he has formed his opinion based on his review of
materials and based on his knowledge and expertise.

We"ve also established that the operational
philosophies are not in any written manner In terms of a
requirement that is specific to the operation of the
Project.

And, yes, there is possibility of change in the
future, though Mr. Milligan, of course, cannot predict
what those changes might be, and he believes -- he
believes that .
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Well, never mind.

So I would strongly advise you to -- if you"re
going to explore the issue of operational philosophy, to
not revisit those grounds.

MR. WASIEWSKI: 1 don"t think we"l1l be
revisiting that. We"ll be within, | think,

Mr. Milligan®s timeframe at the Bureau of Reclamation
exclusively, and --

CO-HEARING OFFICER DODUC: I don"t --

MR. WASIEWSKI: -- 1 don"t think anyone®s
touched on these other issues.

CO-HEARING OFFICER DODUC: Okay. And with
respect to your second point, how is the second topic
within the scope of Mr. Milligan®s rebuttal?

MR. WASIEWSKI: 1It"s -- | guess it"s in the
scope of the Petitioners®™ rebuttal. And if Mr. Leahigh
was here right now, I would ask him these questions with
the anticipation he would probably defer to Mr. Milligan
on the CVP issue.

And since we only have Mr. Milligan here right
now, I just want to get his thoughts on what Mr. Leahigh
has said and then leave it at that.

IT he doesn"t know, I"m willing to accept that
and just move on.

CO-HEARING OFFICER DODUC: 1711 allow you to
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proceed, but that does not seem very fruitful, so we
will -- we will see.

MR. WASIEWSKI: Thank you.

MR. OCHENDUSZKO: And would you mind beginning
once again with name and affiliation, please.

MR. WASIEWSKI: Sorry. Tim Wasiewski for the
San Joaquin Tributaries Authority.

We"ll start with Mr. Milligan®s rebuttal
testimony, so if you would pull up Exhibit DOI-36,
please, and go to Page 2.

(Document displayed on screen.)
CROSS-EXAMINATION BY

MR. WASIEWSKI: Mr. Milligan, if you would
direct your attention to the third full paragraph.

You write in there that (reading):

"Water years 2014 and 2015 represent a,'" quote,

"set of extreme hydrologic conditions . "

Do you see that?

WITNESS MILLIGAN: Yes.

MR. WASIEWSKI: And then in reference to those
years, you state that the (reading):

"Reclamation requested modification of some

D-1641 requirements .
Do you see that at the bottom of that?
WITNESS MILLIGAN: Yes.
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MR. WASIEWSKI: But those are not the only
years in which Reclamation requested modifications to
D-1641; is that right?

WITNESS MILLIGAN: That"s correct.

MR. WASIEWSKI: In fact, even before the most
recent drought, Reclamation was having difficulty meeting
the February-to-June pulse -- base flow requirements at
Vernalis for -- under D-1641; correct?

MS. AUFDEMBERGE: Objection: Mr. Milligan®s
testimony relates to the operational philosophy of the
CVP with respect to upstream reservoirs, not New Melones
on the San Joaquin.

CO-HEARING OFFICER DODUC: I1"m sorry, | didn"t
catch the last part.

MS. AUFDEMBERGE: It did not go in to
operations in New Melones on the San Joaquin.

MR. WASIEWSKI: 1f 1 can respond.

I think Mr. Milligan just stated a little bit
earlier that spring outflow might actually come from New
Melones, so this, 1 think, is definitely relevant.

CO-HEARING OFFICER DODUC: To the extent --

Mr. Mizell?

MR. MIZELL: Yes. 1"m going to object to using
the answers to a previous cross-examination question as a
basis to open up cross-examination on rebuttal testimony
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to the sky"s limit. It"s a practice that"s been employed
today and I don"t think it"s appropriate.

CO-HEARING OFFICER DODUC: 1 appreciate that.

I noted that as well, but 1"m also wanting to avoid
having the same question asked again if you were
establish it for cross-examination by other parties.

Go ahead and ask your question. I1"Il give a
little bit of leeway but Mr. Milligan, of course, is free
to answer that he is not able to provide the information.

MR. WASIEWSKI: Sure.

Mr. Milligan, in years 2003, 2004, 2005, 2009,
2015, and 2016, Reclamation submitted Temporary Urgency
Change Petitions to the State Water Board seeking a
relaxation to the February-June baseline requirements
under D-1641; isn"t that correct?

WITNESS MILLIGAN: 1 can"t testify right now to
the years, but those -- there"s a number of years
those -- a few of those do pop out, that that is correct.

MR. WASIEWSKI: If we can pull up SJTA-201,
please.

(Document displayed on screen.)

MR. WASIEWSKI: Mr. Milligan, this is a letter
written by you to Tom Howard of the State Water Board.
And the purpose of it was to explain to the Board how
Reclamation planned to address difficulty in meeting the
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San Joaquin River flow requirements in D-1641.

Do you recognize that?

WITNESS MILLIGAN: Yeah, it looks familiar.

MR. WASIEWSKI: If you can go to the third
paragraph, please, on the First page.

(Document displayed on screen.)

MR. WASIEWSKI: Do you see in that paragraph
where -- It"s the final sentence (reading):

"In addition, even prior to the expiration of
the San Joaquin River Agreement, Reclamation had
difficulty meeting the February through June base
flows contained in Table 3 of D-1641 and TUCPs were
submitted in 2003, 2004, 2005, 2009, 2015 and 2016."

Do you see that?

WITNESS MILLIGAN: Yes, 1 do.

MR. WASIEWSKI: Does that refresh your
recollection as to whether or not --

WITNESS MILLIGAN: It does.

MR. WASIEWSKI: Thank you.

And even after the San Joaquin River Agreement
ended in approximately 2011, Reclamation had difficulty
meeting not only the base flows but also the pulse flow
requirement in D-1641; is that correct?

WITNESS MILLIGAN: That"s correct.

MR. WASIEWSKI: And it"s true that you
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anticipate that these difficulties will continue and be
part of the operational philosophy of Reclamation; is
that correct?

WITNESS MILLIGAN: Well, the first half, |
would say that, you know, until we make some changes to
the Basin Plan, which are in the works, we will —- 1|
would assume Reclamation is going to have difficulty in a
number of Water Year types iIn meeting the base flow and
the Table 3 pulse flow as well.

MR. WASIEWSKI: In fact --

WITNESS MILLIGAN: Now, that relates to a
philosophy. I . . . 1 . . . I™m -— I"m hoping that we
come to a new Basin Plan amendment with some flows that
we Ffeel are more achievable.

MR. WASIEWSKI: Well, it is Reclamation®s plan
at this point that it will operate to the requirements
set forth in Appendix 2E of the National Marine Fisheries
Biological Opinion from 2009 rather than the less onerous
requirements set forth in D-1641 for Vernalis; is that
correct?

CO-HEARING OFFICER DODUC: 1Is there an
objection, Miss Aufdemberge?

MS. AUFDEMBERGE: 1 suppose, yes.

CO-HEARING OFFICER DODUC: Beyond the scope of
rebuttal?

California Reporting, LLC - (510) 224-4476
www . CaliforniaReporting.com





10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

94

MS. AUFDEMBERGE: 1It"s beyond the scope of
rebuttal.

CO-HEARING OFFICER DODUC: Thank you,

Miss Aufdemberge.

Your objection is sustained.

MR. WASIEWSKI: Okay. Now, I guess, that"s the
end of that line of testimony.

IT we can pull up Mr. Leahigh®s written
testimony, which is DWR-78.

And 1 promise | will lay the proper foundation
for this so that It"s --

CO-HEARING OFFICER DODUC: Actually --

MR. WASIEWSKI: -- understood.

CO-HEARING OFFICER DODUC: -- you are
questioning about the rebuttal testimony of a different
witness.

MR. WASIEWSKI: The only thing that I™"m
concerned about is that when Mr. Leahigh gets up to
testify, and if we ask a question regarding CVP
operations which he has not provided data for --

CO-HEARING OFFICER DODUC: Therefore, if he has
not provided for it, then it"s not in his rebuttal, and
it"s not in Mr. Milligan®s rebuttal.

MR. WASIEWSKI: That"s --

CO-HEARING OFFICER DODUC: Therefore, it"s out

California Reporting, LLC - (510) 224-4476
www . CaliforniaReporting.com





10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

of the scope of rebuttal.

MR. WASIEWSKI: 1 -- 1 understand that

position, but he"s stated that it"s the Project®s joint

operations.

And if 1 could just ask Mr. Milligan if that"s

correct, then I would move on from that point.

CO-HEARING OFFICER DODUC: What specifically

are you asking First? Ask me -- Okay. Ask your

question.

MR. WASIEWSKI: Would it be better if | showed

you the line of testimony?

CO-HEARING OFFICER DODUC: Sure.
MR. WASIEWSKI: Okay. Let"s do that.
Let"s pull up DWR-78, please.

CO-HEARING OFFICER DODUC: Be ready,

Miss Aufdemberge.

Mr.

(Document displayed on screen.)

CO-HEARING OFFICER DODUC: What page?

MR. WASIEWSKI: Sorry. Page 10, Lines 2 to 4.
(Document displayed on screen.)

CO-HEARING OFFICER DODUC: First of all,

Milligan, did you review Mr. Leahigh®s testimony?

WITNESS MILLIGAN: 1 have not.

Is this his rebuttal testimony?

MR. WASIEWSKI: Yes, this is his rebuttal.
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detail.

WITNESS MILLIGAN: 1 have not reviewed this in

MR. WASIEWSKI: Okay. 1 don®"t think you need

to for this. |If you have knowledge of what he said here,

then we"l1l go based on that.

2008-

It says on Lines 2 to 4 (reading):
"Under a pre-biological opinion"” -- meaning the

2009 Fish and Wildlife and NBS Biological

Opinions -- "the Projects™ jointly "were allowed to

use more surplus water to supply South-of-Delta

demands .

have seen

objection

Do you see that?

CO-HEARING OFFICER DODUC: Okay. Now that 1
the sentence, | am going to sustain the

which Aufdemberge I"m sure is about to voice.
MS. AUFDEMBERGE: I am. For the record, I am.
CO-HEARING OFFICER DODUC: Very good.

MR. WASIEWSKI: Well --

CO-HEARING OFFICER DODUC: 1 will not allow you

to cross-examine a witness on the rebuttal testimony of a

different witness.

Unless you have something else to ask

Mr. Milligan, your cross-examination, | believe, is

complete.

MR. WASIEWSKI: The -- Okay. The only thing I
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would have to ask is whether or not Reclamation will be
willing to make Mr. Milligan available in the event that
Mr. Leahigh does, in fact, defer these questions to a CVP
expert.

CO-HEARING OFFICER DODUC: 1 can assure you
Mr. Leahigh, 1 expect, will answer that question with an
"I don"t know" rather than deferring.

MR. WASIEWSKI: Okay. Thank you.

CO-HEARING OFFICER DODUC: Miss Meserve, you“re
up next, and you don"t have Mr. Keeling to defer to.

MS. MESERVE: No questions. Thank you.

CO-HEARING OFFICER DODUC: What does that mean?

MR. KEELING: It means 1"m wearing my tie
today.

CO-HEARING OFFICER DODUC: 1"m sorry. What
does that mean, Miss Meserve?

MS. MESERVE: 1 have no questions. Thank you.

CO-HEARING OFFICER DODUC: You have no
questions. All right.

Then 1 have Mr. Herrick is next.

Make me proud, Mr. Herrick.

MR. HERRICK: 1%ve been disappointing women my
entire life.

(Laughter.)
MR. HERRICK: Thank you, Board Members. John
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Herrick for South Delta Water Agency. 1 have just a
couple of very quick lines of questioning.

The first deals with Mr. Milligan®s statements
about the operations of the Project subject to CVPIA
requirements for allocation priorities.

A couple of questions on the minimum health and
safety operational constraints or obligations they
believe they have.

And then I do have a couple of ultimate
questions based upon Mr. Mulligan®s -- Milligan®s --
excuse me -- answer to the questions about future
negotiations will determine operations rather than the
ones that were in the modeling done.

I think --

CO-HEARING OFFICER DODUC: Now --

MR. HERRICK: 1 understand you -- | don"t want
to beat that dead horse, but there is a -- there are a
couple of ultimate questions, 1 think, very brief and it
will elicit useful information.

CO-HEARING OFFICER DODUC: Yes. It has been
mentioned by Mr. Mizell, and I have also noticed, this
practice of cross-examination based on previous
cross-examination. And while 1 hesitate to endorse such
behavior, to the extent that it adds value to the record
and help us understand the issue better, 1 will allow it.
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MR. HERRICK: Thank you.

And iFf I overstep that, 1°m sure somebody will
yell at me.

CROSS-EXAMINATION BY

MR. HERRICK: Mr. Milligan, thank you for being
here.

In your testimony, you talk about the CVPIA —-
in reference to CVPIA language on Page 2.

Do you see that in your testimony that?

WITNESS MILLIGAN: Yes, I do.

MR. HERRICK: And it talks about calculating
yield after certain things have been provided; is that
correct?

WITNESS MILLIGAN: That"s the -- the passage
from CVPIA, because the CV -- the act itself refuse --
refers back to yield of the Project a number of times, so
it"s -- the act itself was trying to define how it would
define "yield" for the purpose of the act.

MR. HERRICK: And the yield is how much water-"s
available, then, for the various uses or obligations of
the Bureau; correct?

WITNESS MILLIGAN: Yes, in general.

MR. HERRICK: In the next paragraph in your
testimony after that, you then -- and I"m just
generalizing, so correct me if I"m overstating it.
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But then you talk about balancing those various
needs -- various obligations in order to operate the
Project.

Is that generally correct?

WITNESS MILLIGAN: Generally, yes.

MR. HERRICK: Okay. Now, does that mean
that -- And 1"m looking at the very middle of that
paragraph. It says (reading):

" . Reclamation balances the obligations to
Sacramento River Settlement Contractors, South of
Delta settlement and San Joaquin River Exchange
Contractors, various instream flow and Delta
requirements and Level 2 Refuge deliveries.”

Do you see that?

WITNESS MILLIGAN: Yes.

MR. HERRICK: Does that mean you"re balancing

deliveries with in-Delta obligations for water quality?

MS. AUFDEMBERGE: 1"m going to object:

It"s . . . unclear whether -- what timeframe you"re
asking about.

MR. HERRICK: Well, let"s just take a
hypothetical year.

I"m just trying to see if the Bureau®s decision
on how much water goes to the certain listed contractors
is balanced with in-Delta water quality obligations or
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water quality obligations are met before such deliveries.

MS. AUFDEMBERGE: And if I heard you --

CO-HEARING OFFICER DODUC: Miss Aufdemberge,
your objection would mean?

MR. MIZELL: Objection. That"s within a year;
correct? That"s .

CO-HEARING OFFICER DODUC: Yes.

MR. HERRICK: Okay.

WITNESS MILLIGAN: So, Mr. Herrick, could you
repeat your question after all that? 1 don"t want to
answer the wrong question.

MR. HERRICK: No problem.

I listed a number of obligations that your
testimony says are balanced, referenced on Page 2. Those
obligations were the Sacramento River Settlement
Contractors, South of Delta Settlement Contractors, and
San Joaquin River Exchange Contractors, various instream
flow and Delta requirements and Level 2 Refuge
deliveries.

The question is: Are you balancing the needs
of in-Delta water quality requirements with deliveries to
these various contractors? Or are you meeting in-Delta
water quality obligations before you allocate water to
those contractors?

WITNESS MILLIGAN: 1 would generally probably
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characterize it as the -- as the -- the former. And
these -- Some of these particular obligations that are
listed here probably, depending on the situation as to
where we may be -- experience a shortage, may change the
balancing of that.

But 1 would probably apologize that the
in-Delta water quality needs are not kind of in this list
here, 1T you will, and that is certainly something that
we would put a high priority on meeting all these
obligations, including the in-Delta water quality as
well.

MR. HERRICK: As your answer implies, you"ve
testified, when there are times of shortages, then you --
you might alter your balance. 1Is that correct or
incorrect?

WITNESS MILLIGAN: Well, there may be a
circumstance where -- we"ve seen a few of these over the
last couple years -- where even these particular
obligations experienced some shortages. And they"re not
all in proportion.

So meeting -- The difficulty here is, depending
on the sources of water and the Settlement Contractors
may have a different dynamic than, let"s say, the needs
of the Exchange Contractors or some of the senior right
holders on the San Joaquin River. And this brings into
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play some of the operations that relate to the Friant
system as well.

So it"s a complicated circumstance, but, you
know, we would certainly strive to meet -- before any of
these are being dealt with as they relate to Delta
operations, make every attempt to meet the Delta water
quality requirements.

MR. HERRICK: Are there any sort of internal
Bureau regulations or specified policies that tell you to
what degree one use, or one obligation, is prioritized
over another?

In other words, you say you"ll likely try to
meet the in-Delta ones. 1°m trying to find out if that"s
a rule.

In other words, can you say it"s a short year
so we won"t give -- we won"t meet in-Delta because we"ll
balance that with extreme shortages to other people?

WITNESS MILLIGAN: This is a circumstance,
particularly with this set, and when you mix in-Delta
water quality requirements as well. In essence, they all
tend to read like "You shall do this."

And the concern is, when we aren®t there, or
there"s not enough to go around to meet this what we
consider core level of obligations, is to try to figure
out how to stretch the limitation the best that we can.
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I think in that case, then, we"re kind of balancing among
them.

But that"s -- that"s a process that we were
looking to see what can be done in a particular year.

MR. HERRICK: And in a big stream dry
timeframe, are there any rules by which an outside party
could see, by some certain date, the Bureau would no
longer be able to meet in-Delta water quality
requirements?

WITNESS MILLIGAN: Well, this has been an
example where we"ve tried to get ahead of that game,
recognizing that some of these dry conditions, we may see
a set of circumstances where it has been extremely dry,
storage levels in reservoirs are low, but still some
uncertainty about the remaining spring in terms of
hydrology and what some water quality needs may be,
particularly salinity intrusion as an example.

And 1t may be prudent to start taking some
actions several months ahead, and then some planning as
long as six months ahead, to be able to put a plan in
place that doesn"t create a situation where we"ve lost
total control of salinity in the Delta, for example.

And the Delta salinity barrier at False River
was an example of that. And is there something we can do
to avert that catastrophe of losing salinity completely,
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and losing control of the limited amount of water that we
have.

This is not a very good way of answering your
question.

It"s extremely dry hydrology that would create
a circumstance where we had to start balancing needs
within this kind of set of contractors and the Delta
salinity regime is fairly severe, and the degree of that
severity will probably lead us on a case-by-case basis on
how we would get there.

So I don®t know that there®"s any cookbook or
any specific definitive way of doing that that we could
point to ahead of time.

MR. HERRICK: So the Bureau"s policy is not to
meet Permit conditions before other obligations?

MS. AUFDEMBERGE: Objection: That"s way beyond
the scope.

CO-HEARING OFFICER DODUC: Let"s withdraw that
question, or rephrase 1t, Mr. Herrick.

MR. HERRICK: 1711 withdraw.

Mr. Milligan, your testimony references the
health and safety issue involved with the modeling that
you respond to, and 1 just have a couple questions.

You include in your minimum export needs at the
south of -- South Delta export facilities the City of
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Tracy™s supply; is that correct? You reference it.
Sorry.

WITNESS MILLIGAN: Yeah. We make reference to
it, yes.

MR. HERRICK: 1Is the City of Tracy"s sole
supply of water the CVP or does it have other supplies?

WITNESS MILLIGAN: 1 believe they do have some
other supplies.

MR. HERRICK: Are there any municipalities that
receive CVP water that rely solely on that CVP water for
their uses?

MS. AUFDEMBERGE: Objection: That"s beyond the
scope.

CO-HEARING OFFICER DODUC: Mr. Herrick.

MR. HERRICK: Well, he"s -- His rebuttal
testimony explains why health and safety minimum amounts
must be maintained, so 1"m exploring with him the basis
of those health and safety obligations.

CO-HEARING OFFICER DODUC: AIll right.

MR. HERRICK: There"s only a couple -- There
are only a couple questions remaining.

CO-HEARING OFFICER DODUC: All right.
Overruled.

Mr. Milligan.

WITNESS MILLIGAN: There . . . Okay. This is
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not my area of --

CO-HEARING OFFICER DODUC: And try to be as
concise as possible.

WITNESS MILLIGAN: 1 will.

I think that certainly the Cities of Avenal,
Coalinga, are two places that rely a great deal. 1
don"t -- 1 don"t know that it"s their only source of
water, but predominantly are relying on CVP water.

MR. HERRICK: You mention that there were a
number -- a few times in 2014 and 2015 when you -- you,
the CVP, pumped less than the 1500 cfs -- I"Il say in
quotes -- minimum health and safety amount.

Do you recall that?

WITNESS MILLIGAN: The combined exports between
the Project and the CVP were below that.

MR. HERRICK: Yes.

WITNESS MILLIGAN: Yes. There were several
times where the combined exports were below the 1100,
which was 300 cfs by the State Water Project and 800 cfs
for the CVP, and there were a few times that we were
below that.

MR. HERRICK: Were there any health and --
Excuse me.

Were there any health and safety damages
resulting from your joint pumping -- combined pumping of
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less than 1500 cfs that you know of?

WITNESS MILLIGAN: Well, certainly some places
were still very short of water. Fortunately, at this
particular time, there was some other water that we were
able to -- lack of a more precise word -- borrow from the
State Water Project to be able to meet those needs and
then repaid them at a later time.

MR. HERRICK: Without being -- sounding rude, 1
asked you 1T there were any damages to health and safety
resulting from those lower pumping rates, combined
pumping rates, and you answered, well, there were people
experienced shortages but we -- they were able to be
covered.

But the question is: The failure to pump 1500
cfs, did that result in someone not -- not meeting health
and safety standards somewhere?

WITNESS MILLIGAN: I am not aware.

MR. HERRICK: Thank you.

WITNESS MILLIGAN: I don"t know.

MR. HERRICK: Again, this is the last part, the
followup on especially the questions by Mr. Bezerra.

You were asked questions about the -- how the
Bureau might make up for shortages of exports to
South-of-Delta contractors under WaterFix, and 1 think
you were looking at the below-normal year -- excuse me --
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the average annual was minus 13,000 acre-feet or
something like that.

Do you recall that?

WITNESS MILLIGAN: Generally, yes.

MR. HERRICK: Yeah. The ultimate question 1
want to ask you is:

The method by which you address that shortage,
if the Bureau tries to address that, is -- or would
require some sort of operational action.

Would you agree with that? 1 mean, something
would have to be done to do that. It won"t magically
appear somewhere.

WITNESS MILLIGAN: 1¥f 1 follow you, 1 would
assume that operationally we would do something
differently, probably in the Delta.

One pumping facility would pump rather than the
other.

MR. HERRICK: And so my question to you, then,

until we know how you®re going to address that,
how do we evaluate the impacts of the California
WaterFix?

WITNESS MILLIGAN: Well, not being the person
that developed the impact analysis to the -- let"s say,
the -- the environmental documents, meaning the EIS/EIR,
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the work that*s being done on the Biological Assessment,
I think you need to look at it as a case-by-case.

The aggregate pumping of the two Projects
probably covered a great deal of the effects, and that
we"re into some very fine-tuning potential effects that,
oh, 50,000 acre-feet of pumping over a course of the year
occurred at Jones rather than at -- through Clifton Court
potentially.

I*m not going to say there®"s not an effect
associated with that, but it may be much less than -- It
may be a much smaller subset of the total effects of
the -- what®s being represented in these documents as we
have the support.

MR. HERRICK: 1t could certainly be a small
effect.

But isn"t the purpose of this hearing to
identify the effects so that people can then evaluate the
import of those and whether or not they translate into
someone”s later conclusion of legal injury?

MS. AUFDEMBERGE: Objection: 1It"s beyond the
scope; calls for a legal conclusion.

MR. HERRICK: 1 thought it was an excellent
question.

CO-HEARING OFFICER DODUC: 1 thought it was an
excellent question, too.
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I don*t know that Mr. Milligan can answer it.

Mr. Milligan, do you wish to try?

WITNESS MILLIGAN: I wish I could answer it.
It"s an excellent question.

CO-HEARING OFFICER DODUC: So let"s leave it at
that.

MR. HERRICK: One last question, and it deals
with the Table 3.

You were commenting that the changes to
North-of-Delta deliveries appear to be slight and only
4,000 acre-feet in a below-normal year.

Do you require that -- require that -- remember
that?

WITNESS MILLIGAN: That"s the table we brought
up in the exhibit, yes.

MR. HERRICK: But that"s an average annual
number; correct? It wasn"t the maximum.

WITNESS MILLIGAN: That was a —-- IT 1 remember,
the 4,000 acre-feet was an average of what was labeled
“"below normal years."

MR. HERRICK: So in some below normal years, it
would be higher than that, and in some below normal
years, it would be lower than that.

WITNESS MILLIGAN: My assumption is the weren®t
all the same, so yes.
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MR. HERRICK: Right.

So do we know how often a higher number might
appear so we can determine whether or not 4,000, 10,000,
6,000 actually harms somebody, or do we just have to
assume that the average indicates there®s no harm to
anybody?

WITNESS MILLIGAN: This would probably be an
area that the Modelers would be able to -- The data is
there to do that and assess that. The roll-up table from
MBK"s exhibit kind of mushed those all together so you
couldn®t tell that from that table. But the data is
there defined if that"s an area of interest for someone.

MR. HERRICK: Thank you. That"s all 1 have.
Sorry for going over my estimated time.

CO-HEARING OFFICER DODUC: Thank you,

Mr. Herrick. 1711 take it out of Mr. Jackson®"s time.

MR. HERRICK: Thank you.

CO-HEARING OFFICER DODUC: Mr. Jackson, it"s
always difficult to follow Mr. Herrick but you are up
next.

MR. JACKSON: He says I"m -- He says 1°m older
than he is so I deserve more deference.

CO-HEARING OFFICER DODUC: Right. I did
observe that he offered you his glasses earlier --

MR. JACKSON: He did.
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CO-HEARING OFFICER DODUC: -- which 1 thought
it was kind.

MR. JACKSON: He did. He"s a kind man.

Could we put up --

CO-HEARING OFFICER DODUC: Mr. Jackson, also,
the points that you will be covering?

MR. HERRICK: Well, actually, 1 was going to
cover the three points: The operational philosophy and
the use of stored water, the fall water, and the health
and safety pumping.

I think the last two have been covered by
people in front of me, so while we have beaten the
operational philosophy up fairly well, 1 have some
specific questions that have not yet been asked.

CO-HEARING OFFICER DODUC: Okay.

MR. JACKSON: And so I would like DOI-36 at
Page 3, which was up there before.

(Document displayed on screen.)
MR. JACKSON: Excuse me. Maybe it"s back on

Page 2.

CO-HEARING OFFICER DODUC: If it helps, I think

the monitor in front of you --

MR. JACKSON: There you go.

CO-HEARING OFFICER DODUC: -- has it as well.
//7/
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CROSS-EXAMINATION BY

MR. JACKSON: In this section of your
testimony, Mr. Milligan, you"ve -- you"ve used the term
"operational philosophy."

What do you mean by that term? How do you
define that?

WITNESS MILLIGAN: Well, as it relates to this
particular testimony and specifics back to some of the
review of the modeling that was presented, for lack of a
word, the MBK modeling, was that, in this case, what is
the philosophical approach operation that we would be
taking 1If we had a circumstance we had limit -- we didn"t
have a lot of limitations as to the movement of water
from the north of the Delta to the south of the Delta,
and how would we value -- and 1"m using a CalSim term
here. How would -- What relative value would we put in
an acre-foot of water that may reside in Shasta versus
taking up to and trying to, with some losses, to get that
into San Luis Reservoir?

And what I was trying to emphasize here is that
we see a great deal of value of an acre-foot of water in
Shasta or in Folsom because it gives us a lot of
flexibility depending on what the subsequent Water Year
plays out because there are more things we can use that
water for, whether it"s meeting a demand in that
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particular basin or an in-stream flow in the river or in
that particular year ahead, or to meet a Delta water
quality standard or outflow objective. Once we move it
into storage south of Delta, then it"s pretty limited as
to where it"s going to go.

So we would not take -- We would not take
likely -- lightly the idea of, gee, we"re past capacity
and there"s some calendar dates left here, let"s pump --
release water and pump water to south of Delta just
because we have additional capacity or a change in the
criteria that might be involved.

So philosophically, we -- So when -- Probably
the long way of saying.

We would still give a great deal of deference to
the need to carry -- have some water available to provide
us the maximum flexibility for an uncertainty ahead in
terms of Water Year.

MR. JACKSON: So is it Tair to shorten the
characterization to the words that the water Is more
valuable for more uses the higher up the system you keep?

WITNESS MILLIGAN: Generally speaking, yes.
There"s a point at which, as you"re getting close to your
conservation pool, that you might say, gee, 1°ve got a
very saturated basin. | might spill this, and 1 might
lose control of that, because | need to consider flood
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operations, so .

There"s a gradation in that but, generally
speaking, what you said is true.

MR. JACKSON: Okay. |Is that, then, the source
of your statement that the operational philosophy is
further supported by the definition of CVP yield that you
put in your testimony?

WITNESS MILLIGAN: 1 think that, again, this is
in the context of our review of some of the MBK modeling,
which does tend to be a bit more aggressive in how water
is allocated both north and south of the Delta. It was
one of our earlier charts.

Mathematically speaking, that may on average
produce higher deliveries but lower deliveries in the
drier sequences and presenting, probably, inherently some
more risk.

And what we"re trying to point out here was
that that may be actually a counter-philosophy to what
might be proposed -- or what had been used as a -- as a
citation within CVPIA, but by many folks®™ terms, what
does reliability mean? And your ability to maintain at
least some deliveries in drought sequences is usually --
For some folks, that is the definition of liability, not
an average annual delivery over time.

And our concern was the outputs of the -- those
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modeling results tended to deliver more water in the
wetter sequences than not.

MR. JACKSON: So what I -- The remaining part
of my questions will be in regard to the -- whether or
not there are different categories in terms of your
operating philosophy based upon whether or not there are
statutes behind them or regulations behind them.

And so my question is: What is the meaning
of —- in terms of your operation -- of your limitations
under Section 3406(b)(2) that you mentioned here?

Does -- Does your contractual obligations begin
before these things are done that are listed in 34(b)(2)
(sic) or are those balanced with your view of your
contractual obligations?

WITNESS MILLIGAN: 1 probably am not the best
person to talk about where these lie within the
obligations of the contracts.

MR. JACKSON: Well, you"re the Operator,
so .

I mean, how do you see -- Well, for instance,
you®ve listed a number of things that are required that
include your obligations under your licenses and permits
with the State Water Resources Control Board.

Do you need to meet those before you --
completely before you even consider your contractual
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obligations?

MS. AUFDEMBERGE: 1°d like to object: Much of
this requires -- calls for a legal conclusion.

CO-HEARING OFFICER DODUC: I would like to hear
his answer as an Operator, his understanding of what his
obligations are.

MS. AUFDEMBERGE: On an annual -- In one year;
correct?

CO-HEARING OFFICER DODUC: In any year.

MS. AUFDEMBERGE: Well, there"s a year over a
year and one year.

CO-HEARING OFFICER DODUC: In any year, what is
his understanding of his obligations?

WITNESS MILLIGAN: Well, there are different --
there®s different forms of contracts.

But as an Operator, our first order of business
is, are we operating through the -- through the year to
meet our permit terms and conditions and our Biological
Opinions.

But -- And then at the same -- But at the same
time, in most years, this is not a kind of either/or.

Can we meet the obligations of -- they relate to
settlement contracts, things that we have an
understanding have their root in senior water rights to
us.
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Once we figure out how we"re going to operate
around those, then we can start looking at things, maybe
water available for -- that are probably terms -- or you
could use the term is more discretionary, meaning that
there®s a discretion to move those things up and down.

MR. JACKSON: All right. And what --

WITNESS MILLIGAN: What gets very difficult is
in a year where you"re trying to put together the
operations to meet the Permit terms and conditions and
obligations of senior water right holders and there®s not
enough water to go around.

MR. JACKSON: In regard to your license and
permit conditions and the State Water Resources Control
Board®"s authority, aren®t they in charge of determining
who"s senior in any given circumstance rather than the
Bureau?

WITNESS MILLIGAN: Well, yeah, but -- And to a
large part, as an Operator, a lot of that is in most
circumstances settled already, that we understand what
those mean. Some of meeting those obligations have their
roots in some Board orders.

MR. JACKSON: Yes.

The -- When you talk about "other agreements
pertaining to the Central Valley Project under applicable
State or Federal law existing at the time of enactment of
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this title have been met,” does that include the salinity
requirement that was a -- a reason for the Central Valley
Project going into effect originally?

MS. AUFDEMBERGE: Objection: Calls for a legal
conclusion.

MR. JACKSON: As an Operator, do you operate to
meet the salinity requirements in the Delta as a purpose
of your Project?

CO-HEARING OFFICER DODUC: Mr. Mizell.

MR. MIZELL: 1I°m objecting to Mr. Jackson®s
line of questioning as asking Ron Milligan to interpret
statute and derive the meaning and operational philosophy
of his superiors that he"s already testified in
cross-examination by Mr. Hitchings that he"s given
certain constraints and he operates to those constraints.

The rationale behind constraints is what
Mr. Jackson is trying to get into, and 1 believe that"s
already been asked and answered.

CO-HEARING OFFICER DODUC: Mr. Jackson.

MR. JACKSON: 1"m reading off the man-s
rebuttal testimony, and so I can"t possible be out of the
scope of his rebuttal testimony.

The --

CO-HEARING OFFICER DODUC: You“"re not --

Mr. Jackson, I°m trying to ascertain what additional
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information Mr. Milligan might be able to provide in
response to your question that you -- that you®re trying
to seek.

MR. JACKSON: Well, the -- the -- the language
I was just moving to is: What are the applicable State
or Federal laws that he"s talking about? And do they
include things specifically like the Delta Protection
Act?

CO-HEARING OFFICER DODUC: Mr. Milligan.

WITNESS MILLIGAN: Mr. Jackson, could you point
to which particular area you“re speaking of when
you"re -- Is it the text that was within the citation of
3406(b)(2) from the CVPIA or was it --

MR. JACKSON: 3406(b)(2), in your testimony,
looks to be Page 2.

WITNESS MILLIGAN: Correct.

And 1 think that that text is related back to
how, for the purposes of the Act, they"re defining
"yvield” and to some degree "reliability.”

But there"s a whole host of State and Federal
requirements that -- that we"re trying to meet at any
particular time.

MR. JACKSON: And -- And I guess 111 try to
simplify the question.

Since you have this stuff -- this definition of
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“"yield” in the CVPIA, do you meet -- do you see your
operational philosophy as operating to balance things
after these are met, or are these just other things that
you balance with your contracts?

WITNESS MILLIGAN: 1 think I --

MS. AUFDEMBERGE: 1 have to object to that.
The -- 1 don"t understand what "these'" are. These are --

MR. JACKSON: They are, according to this,
project yield.

My question is: Is the project yield
determined after fishery, water quality, flow and
operational requirements, terms and conditions and
license permits and other agreements relating to the
Central Valley Project under applicable State or Federal
law?

MS. AUFDEMBERGE: 1"m just going to have to
object:

This iIs -- He"s asking about interpretation of
the statute, and Mr. Milligan has already testified
that®"s not the purpose of his reciting CVPIA, that
section.

CO-HEARING OFFICER DODUC: Mr. Milligan, let"s
see if we can finish this up.

Your inclusion of CVP yield in your testimony
was intended for what purpose?
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WITNESS MILLIGAN: The purpose was to show that
delivery of water predominantly for Water Service
Contractors was viewed through a lens of what could you
do during a prolonged drought sequence, not what is the
yield of the Project over all Water Year types.

So the intent here of talking about this is
that, even back to CVPIA earlier documents, the intent of
the Project was to look at it through the lens of what
kind of water can you provide through an extended drought
period?

And that was the reason that we included this,
because this would -- If you were to look at yield only
from the 1928 to 1934 drought period, you would actually
see, from what the MBK modeling was suggesting, a
significant decrease in yield, using this definition, to
that approach.

It"s not that they couldn®t change in the
future. That was the intent here was, we were losing
what appeared to be availability of water for Water
Service Contractors in -- in drought sequences.

The rest -- As an Operator, we don"t typically
every year try to define what"s the yield of the Project
through the drought sequence.

CO-HEARING OFFICER DODUC: Right.

WITNESS MILLIGAN: That"s really not germane to
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the day-to-day operations of the Project.

CO-HEARING OFFICER DODUC: Mr. Jackson, |
believe you exhausted this particular area to the point
where 1 think we"ve maximized the value of his line of
guestioning.

MR. JACKSON: 1 understand that that may be the
ruling. For the purposes of the record, 1 would like to
indicate that I don"t believe I"ve exhausted it.

And the next question would be: When he
talks -- When the CVPIA Project yield is analyzed, what
State and Federal laws are a part of that determination
in any given year?

MS. AUFDEMBERGE: That"s a legal conclusion.
That requires a legal conclusion.

CO-HEARING OFFICER DODUC: Yes, it requires
legal understanding, but Mr. Milligan is an Operator, a
Senior Level Operator, who does have some information.

So, to the extent that you have included this
in your testimony, Mr. Milligan, can you answer
Mr. Jackson®s question with respect to the scope of this
paragraph?

WITNESS MILLIGAN: 1f one were to today do an
analysis of what is the yield of the CVP through this
drought period, specific to this language -- and this is
not something that"s routinely done; | want to emphasize
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that -- that it would probably be a whole host of
existing permit terms and conditions, Biological
Opinions, Water Quality Control Plan requirements,
in-stream flows, Trinity rock flows potentially would
fall into that.

We"d probably have to sit and brainstorm a
whole number of things. A lot of those are already
inherently wired into CalSim so | would probably start
there. All of those types of things certainly would
be --

CO-HEARING OFFICER DODUC: So let me stop you
there, Mr. Milligan and ask Mr. Jackson:

I would hope it"s not your intent in asking
this question to go through a listing of all those
requirements.

So what -- What is the point that you"re trying
to get across here? Help me understand.

MR. JACKSON: Sure.

I*m trying to understand -- and 1 thought
that®"s what this says -- to determine whether or not the
operational philosophy which seems to be the answer to
everything at this point, since nothing in terms of
operation has been specifically submitted for this
Project, nothing definitive, includes the laws that
they"re required to follow as -- as deductions from yield
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that they®re operating with under their philosophy.

CO-HEARING OFFICER DODUC: Mr. Milligan.

WITNESS MILLIGAN: Again, a calculation of
yield is not something that -- that we would -- that"s
typically done, particularly in this case.

IT one were to do it for the -- and they had a
purpose for CVPIA, this is the sum total of the guidance
we get. So we would make an attempt to determine that.

From the philosophy of how we operate the
Project, what we"re saying is that we would try to
maintain in that philosophy operating in a manner that
would maintain some level of deliveries through extended
drought periods.

CO-HEARING OFFICER DODUC: While in complying
with applicable State and Federal law.

WITNESS MILLIGAN: Yes, exactly. It"s not --
Which 1 think is the purpose of that rebuttal, was to say
that we seem to have lost that line of thinking and what
the MBK presentation of impossible operations would look
like, which is, well, we"re just going to try to get as
much water on average as we can, which has a lot of
delivery of water in the, and above the, average
timeframe.

And that, when you start comparing it to with
and without the Project gives you some different answers,
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that was really the whole point here, is that we still
see value iIn drought sequences and making deliveries to
Water Service Contractors. And those will be done after
we meet other obligations, which are related to senior
water right holders and permit terms and conditions.

CO-HEARING OFFICER DODUC: And Permit terms and
conditions.

WITNESS MILLIGAN: Correct.

CO-HEARING OFFICER DODUC: Thank you.

MR. JACKSON: And I don*t want to confuse it,
so I'm .

Mr. Milligan, in regard to the drought
sequences of the 1928 to 1934 drought, your operational
philosophy at this point in time is to keep that in mind.
Is that fair to say?

WITNESS MILLIGAN: Well, yes. 1 think what
we"ve got today is probably that drought sequence, the
"88 through "92 drought period. 1 think the period that
we just are coming out of is influencing a bit of our
thinking, is that, what do we do to maintain some control
of the system?

And 1711 take even 1977 Delta water quality as
well, is, what -- what can we do to maintain control of
our system so we don"t lose that salinity in the Delta at
some point?
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MR. JACKSON: So isn"t it time to do that and
put it into the permits in terms of trying to be able to
get through the next drought --

MS. AUFDEMBERGE: Objection --

MR. JACKSON: -- with a plan?

MR. MIZELL: -- calls for a legal conclusion.

MR. JACKSON: This is an Operator conclusion.
I mean --

MR. MIZELL: 1It"s a legal conclusion about
whether the Board had --

MR. JACKSON: We could it with a legal
conclusion --

CO-HEARING OFFICER DODUC: Stop. Stop. Stop.

Mr. Milligan, are you able to answer the
question?

WITNESS MILLIGAN: 1 can"t answer the question
that this is the time or the place or the process to do
that.

But as an Operator, we are constantly thinking
about that and amongst some other things. We"re thinking
next year is a flood, a wet year, like in 1982 to "83
type of transition. We"re also thinking about those
things.

So there"s a lot of planning positional logic
that goes into our operations, and | don"t know. They"re
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all good things, but where do we do that? 1 can"t say.

MR. JACKSON: And one last question.

This Project is designed to take excess water
from below the reservoirs.

Would you define what you mean by "excess water
from below the reservoirs."

WITNESS MILLIGAN: Well, let"s say excess water
in the Delta, and let"s say as it relates to this
particular new Point of Diversion, let"s say, high flows
past Hood that are in excess of what"s needed to maintain
salinity and other biological outflow requirements.

So as we"ve seen on, let"s say, daily
time-step, there®s probably a number of days and a
particular hydrologic sequence that the flows that are
past that reach of the Sacramento River or in excess of
those needs, and that diversion there can be done in a
safe manner.

So those are the -- And those flows are, let"s
say, product in the winter and spring that are not the
product of reservoir storage withdrawal, but are either
passing through flows that would not otherwise be stored,
or have actually fallen on the valley floor and they“re
running into the Delta.

That"s -- That"s my thinking of the definition.

MR. JACKSON: And it"s your position that
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there"s no one who has a senior water right to the Bureau
for those waters?

WITNESS MILLIGAN: We would only be --

MS. AUFDEMBERGE: Objection: That .

CO-HEARING OFFICER DODUC: Just let him answer,
Miss Aufdemberge.

WITNESS MILLIGAN: To the degree that we would
be exercising our current rights, as we understand them.
We"re -- We"re not suggesting iIn this proceeding that
we"re expanding our -- the volume of water that we would
take or the -- the period, the season of diverting the
water. It"s just adding another location.

MR. JACKSON: And if you were incorrect about
that and were actually doing that, then you®re not trying
to change priority of water rights by joining this
Project.

WITNESS MILLIGAN: That"s -- That -- That is
correct. That"s not my understanding.

MR. JACKSON: Thank you.

CO-HEARING OFFICER DODUC: Thank you,

Mr. Jackson.

Miss Des Jardins, you are our last
cross-examiner.

MS. DES JARDINS: Okay.

CO-HEARING OFFICER DODUC: Miss Des Jardins has
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requested 45 minutes. | will urge her to be more
efficient.

However, Mr. Milligan, what is your flexibility
to go a little bit beyond 1:007?

WITNESS MILLIGAN: 1 would be flexible to stay
until we Finish this line of questioning.

CO-HEARING OFFICER DODUC: All right.

MS. DES JARDINS: Thank you. Dierdre
Des Jardins with California Water Research.

CO-HEARING OFFICER DODUC: And the points that
you will be covering, Miss Des Jardins?

MS. DES JARDINS: 1 wanted to specifically ask
about the allocation decisions and the pumping that was
done in the fall of 2013 and what happened with storage
in 2014.

And there"s sort of some iInconsistencies, and

CO-HEARING OFFICER DODUC: I"m sorry.

MS. DES JARDINS: And I also wanted to look at
what the total minimum health and safety demands of the
CVP were and how -- how he was making provisions to end a
repeat of the "28 to "34 drought, meeting those demands.

CO-HEARING OFFICER DODUC: And on your first
point with respect to inconsistency, are you referring to
inconsistency to the philosophy iIn his rebuttal
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testimony? What kind of inconsistencies?

MS. DES JARDINS: 1It"s factually inconsistent.

CO-HEARING OFFICER DODUC: In the allocation
decisions that were previously made?

MS. DES JARDINS: 1°d like to be able to ask
the question. 1 think that"ll make it clear, and then
you can rule on any other one.

CO-HEARING OFFICER DODUC: We shall see.

Proceed.

MS. DES JARDINS: Okay.-

CO-HEARING OFFICER DODUC: Miss Aufdemberge.

CROSS-EXAMINATION BY

MS. DES JARDINS: So, Mr. Milligan, 1°d like to
pull up Exhibit DOI-36, please.

(Document displayed on screen.)

MS. DES JARDINS: And I"d like to go to the
bottom of Page 2: "Using fall exports."

And it states (reading):

"We typically assume that if they can meet" --

It"s on the bottom of Page 2.

(Document displayed on screen.)
MS. DES JARDINS: Scroll to the next page.
(Scrolling down document.)

MS. DES JARDINS: (Reading):

. The peak demand in July and August then
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we will be able to meet the demands™ during "‘the
contract year. As a result, available Delta pumping
in September through November does not typically
influence the allocation estimates made the previous
spring."

So, in 2013, you"ve had one of the dryest
periods on record. And as you went into fall, the
records show that you had maximal pumping of 4250 in
August, 3250 in September, and 2500 in October and the
first part of November.

I can pull up a slide if you™d like to look at
that.

And so my question to you is: That wasn"t
minimal health and safety pumping and, in fact, by
January, you"d drawn down Shasta to 1.6 million
acre-feet.

So when you were -- you had made the allocation
the previous spring, when you were doing that pumping and
you were seeing that it was a very dry fall and, in fact,
your testimony says that it was the dryest 12-month
period on record, did you consider reducing the
allocations?

WITNESS MILLIGAN: So, with all of that
discussion, if the question is, did we consider reducing
allocation, the answer is no, because the water
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predominantly used for that allocation had already been
used; that the pumping that was done in that fall wasn"t
really being directly delivered to support the
allocation.

I think consistent with what is written here,
is that that was actually a period of time where storage
was increasing in San Luis, not to support necessarily
directly the allocation. And that it"s also probably my
recollection that this was a period in time where we saw
depletions kind of break in Sac Valley, and we saw
actually secretions occurring, and that there was water
available to pump in the Delta.

So we"d have to look at simultaneously what
were the releases in the reservoirs, and were they at --
releases that were consistent with in-stream flow
requirements?

MS. DES JARDINS: Could we pull up DDJ-179,
please.

(Document displayed on screen.)

MS. DES JARDINS: This shows -- 1 did pull up
what was happening in Shasta. 1 know that you were
increasing storage in San Luis but this shows what was
happening with Shasta that fall.

WITNESS MILLIGAN: And I can"t -- I"m sorry. |
can"t quite read. Is this storage going on?
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MS. DES JARDINS: Yeah. This is the reservoir
storage. | pulled it off of CDEC.

WITNESS MILLIGAN: Yes.

MS. DES JARDINS: And you can see, at the end
of August, you were about almost 2.4 million acre-feet,
September you were 2.1, October you were 1.5, and I --
you see it being drawn down through the entire fall.

WITNESS MILLIGAN: And we -- we had -- So the
real question is, what were the releases at that time?
We have to release some minimum flows for fishery on the
upper part of the Sacramento River.

MS. DES JARDINS: 1Isn"t that primarily in the
spring, though?

WITNESS MILLIGAN: No. We have at least a
minimum -- and actually per -- through 3406(b)(2) of the
CVPIA, we were actually trying to provide some in-stream
flow habitat for spawning fall-run Chinook as well.

MS. DES JARDINS: Okay. Can we bring up
DDJ-180, please.

(Document displayed on screen.)

MS. DES JARDINS: So this is the actual pumping
during that period, and it shows -- Isn®"t 4250 fairly
close to the maximum at that Tracy Pumping Plant?

WITNESS MILLIGAN: Probably -- With most
configurations, it probably was five units, so, in a
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lower diversion period, it was probably about what I -- 1|
believe the capacity of is EC probably what"s happening
here.

MS. DES JARDINS: And then it shows we were
down to 3450 and then down to around 2500. And then it
was only until late December that you finally start
ramping down to 1,000, which is close to your minimum.

CO-HEARING OFFICER DODUC: And the question is?

MS. DES JARDINS: And so wasn"t -- Weren"t you
releasing water from storage? Doesn"t this imply that
you were having to release water from storage for these
fall exports? Because I don"t believe there was very
much runoff during that fall.

WITNESS MILLIGAN: The answer is, no, | don"t
believe so. | think 1 characterize it as we were making
releases -- reservoir releases for in-stream purposes
upstream and pumping what was available to the Project
at —- in the Delta at the time.

So we"re taking what we had from our releases
on both the American and the Sacramento and, per COA
sharing formula with the State of California, these were
pumping rates that were supported by those releases.

But it"s not my recollection that we were
augmenting those releases at this particular time to --
to basically increase pumping rates. |If that were the
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case, you would have probably seen a lower -- lower
storages at Shasta, for example, and higher pumping rates
here.

MS. DES JARDINS: What is the minimum release
at Shasta in the fall at Keswick?

WITNESS MILLIGAN: Well, the minimum is 3250
has been our rule of thought. But, as | said, there
is —- are augmentations to that, you know, 1in
coordination with U.S. Fish and Wildlife Service, State
Fish and Wildlife, and other fisheries that augment that
flow to provide additional spawning habitat and flow
flexibility —-- or flow stability through that Reach for
spawning in the fall.

MS. DES JARDINS: You have (b)(2) water that
you use sometimes, but do you remember if you used that
or did augment the -- the minimum Flows?

WITNESS MILLIGAN: 1 -- 1 don"t have that with
me at the moment.

MS. DES JARDINS: Okay. What is the minimum
flow at Folsom in the fall?

WITNESS MILLIGAN: That depends --

CO-HEARING OFFICER DODUC: Hold on.

MS. DES JARDINS: Yeah.

CO-HEARING OFFICER DODUC: Hold on.

MS. DES JARDINS: Getting off --
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CO-HEARING OFFICER DODUC: Miss Des Jardins, 1

allowed you to explore this topic, even though

Miss Aufdemberge did not object, but 1 need you now to go

back to the rebuttal testimony that Mr. Milligan

presented.

And if there are any inconsistency that you

observe with respect to what he testified to in his

rebuttal,

then that®s where you should focus.

MS. DES JARDINS: Okay. Let"s -- Let"s go back

to Page 2 of DOI-36.

back up.

(Document displayed on screen.)

MS. DES JARDINS: And -- Yeah. Let"s scroll

(Scrolling up document.)
MS. DES JARDINS: Scroll back up.
(Scrolling up document.)
MS. DES JARDINS: Okay. There we are.
(Reading):

. . . Calendar year 2013 had the driest

12-month period on record. A primary factor in

these years was the severely limited snowpack to

provide a water source throughout the irrigation

season. In these years, Reclamation chose not to

drain the upstream CVP reservoirs to meet system

demands due to heightened potential risk of the

California Reporting, LLC - (510) 224-4476

www . CaliforniaReporting.com





10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

139

drought continuing.”

So this seems to be inconsistent. What you"re
saying is that you were required to make, it looks like,
about 800,000 acre-feet of releases for fishery flows?

WITNESS MILLIGAN: Well, again, we haven"t
looked at what the releases were. 1 haven"t presented
that.

But we had minimum flows that were required,
and those were coordinated to meet those flows, and
minimum Flows on the Sacramento River as well.

I don®t know what was controlling Keswick
releases at the time. But we were just pumping, for the
most part, the water available, once it hit the Delta,
that was driving what those pumping rates were, not vice
versa.

It wasn"t a pumping number to support an
allocation because demands had dropped off and that"s why
San Luils Reservoir was accumulating storage. It was a
matter of this water needed to be released upstream and
that, once it reached the Delta, we were within our
rights to pump it.

MS. DES JARDINS: 1 . . . 1 did want to ask you
about:

Do you know what the -- what the demand is in
drought years for the Settlement Contractors?
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CO-HEARING OFFICER DODUC: Miss Aufdemberge.

MS. AUFDEMBERGE: Object: That"s beyond the
scope.

MS. DES JARDINS: He does state -- And let"s go
back to this. Let"s go up -- Scroll up to CVPIA.

(Reading):

"For the purpose of this section, the term

"Central Valley Project yield® means the delivery
capability of the Central Valley Project during the
1928-1934 drought™ --

CO-HEARING OFFICER DODUC: Yes. We"ve seen
this particular passage already thanks to -- Well, we"ve
seen this.

MS. DES JARDINS: So you don"t provide any
information here about what the actual CVP demands are
and how you would meet them during a repeat of the "28 to
"34 drought?

CO-HEARING OFFICER DODUC: And Mr. Milligan has
already answered in response to a previous question as to
the intent of including this passage.

Do you --

MS. DES JARDINS: What was the answer?

CO-HEARING OFFICER DODUC: Do you have further
questions?

MS. DES JARDINS: What was the answer that he
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gave previously? Because I -- | did want to ask a
followup question about that.

CO-HEARING OFFICER DODUC: What is your
followup question?

MS. DES JARDINS: Why .

The 2014 drought was not more severe than the
"28 to "34 drought, so why weren"t you able to meet --
You know, this says that --

MS. AUFDEMBERGE: Objection.

MS. DES JARDINS: This implies there"s
reliability.

MS. AUFDEMBERGE: Assumes facts not in
evidence.

MS. DES JARDINS: Yeah.

CO-HEARING OFFICER DODUC: Miss Des Jardins,
complete your question for me.

MS. DES JARDINS: Oh.

Why weren"t you able to meet the CVP demands,

including the water quality requirements? Because i1t did

say there that (reading):
" . Means the delivery capability .
after fishery, water quality, and other flow and
operational requirements'”™ are "met."
And I™"m trying to see because there"s --

there®s a concern there that it wasn"t -- There were --
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There were conflicts at that point in 2014. 1t was a dry
year.

And the question was, why wasn"t there enough
water to meet the health and safety standards that you
needed to meet without curtailing these other
obligations?

CO-HEARING OFFICER DODUC: Because it was a
drought?

MS. DES JARDINS: This indicates there®s a
reliability issue.

Do you -- When making your allocation
decisions, do you consider the need to provide minimum
health and safety flows in subsequent years?

MS. AUFDEMBERGE: 1"m going to object: The
questioning is premised on the "28 to "34 drought being
worse than the "13 through "16 --

CO-HEARING OFFICER DODUC: No, let"s -- Okay.

MS. AUFDEMBERGE: And I"m not sure --

CO-HEARING OFFICER DODUC: Let"s -- Hold on.
Holld on.

Let"s take Miss des Jardins®™ last question and
apply it to the operational philosophy to which
Mr. Milligan has been testifying.

WITNESS MILLIGAN: So how would we phrase that
question?
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CO-HEARING OFFICER DODUC: Miss Des Jardins,
jJjust state your last question again in terms of
considering health and safety --

MS. DES JARDINS: This implies -- The Central
Valley Project yield implies .

Is the CVP able to meet minimum health and
safety requirements through a repeat of the "28 to "34
drought?

CO-HEARING OFFICER DODUC: I don"t know that it
requires that.

Mr. Milligan.

WITNESS MILLIGAN: That is not how 1 read this
section of the Act. It just says this -- IT you were to
compute the yield of the Project, we"ll define that as
this particular sequence -- drought sequence after you®"ve
met these other requirements. And if that ends up being
zero, the yield of the Project would be zero potentially
it you apply this.

That"s a little different question than the
previous question we had, so I*m not sure -- That is not
how I would read this particular question. This is not
applying a guarantee or a philosophy to get through and
meet certain obligations during this drought sequence.

CO-HEARING OFFICER DODUC: Thank you.

MS. DES JARDINS: Okay. So this says --
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Doesn*t it imply that, under your current operational
philosophy, that you will have water in carryover storage
to meet the minimum health and safety requirements?

WITNESS MILLIGAN: That"s not what this section
is saying. | don"t think that we"ve talked about it in
that context, either.

MS. DES JARDINS: Are you aware that there used
to be a minimum carryover storage requirement for Shasta
of 1.9 million acre-feet?

CO-HEARING OFFICER DODUC: Miss Aufdemberge.

MS. AUFDEMBERGE: Objection.

CO-HEARING OFFICER DODUC: Sustained.

MS. DES JARDINS: I believe he discusses the
history of the Central Valley Project and -- and
operations, and he says the historic operations are
different and they did, in fact -- There was a good
stream at one time and it did, in fact, change. So that
is why I was posing the question.

CO-HEARING OFFICER DODUC: I don"t follow the
question.

MS. DES JARDINS: There used to be -- There
used to be a minimum carryover storage requirement of 1.9
million acre-feet, and 1 wanted to ask how that --

CO-HEARING OFFICER DODUC: And where is this in
his rebuttal testimony?
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MS. DES JARDINS: He -- He just says that
the -- the CVP operations haven®t changed.

CO-HEARING OFFICER DODUC: And where is this in
his rebuttal testimony?

(Pause i1n proceedings.)

CO-HEARING OFFICER DODUC: Miss Des Jardins.

MS. DES JARDINS: Yeah. 1I1"m sorry. 1 don"t
have the exact passage.

CO-HEARING OFFICER DODUC: Do you have other
questions for Mr. Milligan?

(Pause i1n proceedings.)

MS. DES JARDINS: Do you -- Mr. Milligan, do
you believe that -- In the drought years in 2014, were
natural flows sufficient to provide for health and safety
needs without curtailing . . . curtailing -- health and
safety pumping without curtailing outflows for salinity
requirements?

MS. AUFDEMBERGE: Objection: Beyond the scope.

CO-HEARING OFFICER DODUC: Miss Des Jardins.

MS. DES JARDINS: It does say -- This is a
question of whether -- whether there was sufficient --
This -- The core issue is whether there is sufficient
natural flow or whether you have to release stored water,
and this goes to the core of the operational philosophy.

And 1 can go back to .
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CO-HEARING OFFICER DODUC: Go back to his --
MS. DES JARDINS: Yeah.
CO-HEARING OFFICER DODUC: -- testimony --
MS. DES JARDINS: Yeah. The testimony.
Let"s go back to -- Could you go down -- Scroll
down to Page 2.
(Scrolling down document.)
MS. DES JARDINS: Up.
(Scrolling up document.)
MS. DES JARDINS: Up.
(Scrolling up document.)
MS. DES JARDINS: Up.
(Document displayed on screen.)
MS. DES JARDINS: It says (reading):
"Reclamation chose not to drain . . . upstream
CVP Reservoirs to meet system demands due to
heightened potential risk of the drought
continuing . . . requested modification of some
D-1641 requirements, not to directly improve CVP
water supplies, but to conserve upstream storage to
the benefit of a number of uses.™
And the question there is: This is directly
related to that because the question is whether natural
flows were sufficient to provide the CVP water supplies
for health and safety.

California Reporting, LLC - (510) 224-4476
www . CaliforniaReporting.com





10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

WITNESS MILLIGAN: This is a difficult question
because one has to assume meeting all the other
requirements. And in that context, 1 don"t believe it
was.

Reclamation did meet the health and safety
needs for a number of contractors, but it was somewhat at
the expense of some senior contractors getting some of
their water.

As 1t relates to the health and safety pumping,
there was not enough water in the Delta at the time to
maintain pumping at levels that would have sustained us
over a longer period in -- in the summer months and that
was a combination both of dry hydrology and extremely
high tides and salinity intrusion at the same time, which
was the product of -- It was also fairly unique in 2014
and 2015.

So there had to be adjustments made in the
system, and they were done both in terms of Delta outflow
for some habitat considerations, again a barrier end of
salinity was a deviation, and a number of contractors
both taking less water than they may have had a right to
that were senior to CVP, as well as going through some
extraordinary steps to maintain supplies.

So I think the answer to your question is,
there really was not enough water in the system in that
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particular year to meet these minimum pumping
requirements. But I think it would have been -- And the
point of the passage here was to say that an aggressive
approach to CVP operations in other years would have made
that even worse, In my opinion.

But when we do get the 2014-2015, the
phenomenal lack of snowpack is a big driver, and that was
far worse than anything we saw in the "38-to --

"28-to0-34 drought period.
MS. DES JARDINS: 1 did want to go back to
DDJ-178.
(Document displayed on screen.)
MS. DES JARDINS: [I"m sorry. DDJ-179.
(Document displayed on screen.)

MS. DES JARDINS: Mr. Milligan, this goes back
to the question of -- This shows, after the TUCP was
implemented, storage in Shasta built up to almost
2.4 million acre-feet while you were doing this --
needing to constrain outflow in the Delta.

Isn*t that building up CVP water supplies?

WITNESS MILLIGAN: Well, certainly building up
storage in Shasta, and primary concern here was trying to
build a cold water pool for the subsequent summer.

These movements of storage, there"s, you know,
completely a balancing of what inflows and outflows are.
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So, obviously, we"re building upflow -- storage here, but
we were asking the Board not to -- for deviation so we
wouldn®t take some of this storage, because this is not a
very high storage that we"re topping out at, so there"s
not a lot of cold water pool there.

IT we had to take a portion of that to meet a
spring X-2 requirement, for example, we would been in
even worse shape.

MS. DES JARDINS: Okay. |1 believe that
concludes my questions. Thank you.

CO-HEARING OFFICER DODUC: Thank you,

Miss Des Jardins.

And that should conclude the cross-examination.

I"m not seeing anyone jumping up.

Miss Aufdemberge, do you wish to redirect?

MS. AUFDEMBERGE: No redirect.

CO-HEARING OFFICER DODUC: 1 don"t believe
there were any verbal objections voiced to Mr. Mizell~"s
testimony and exhibits.

MS. HEINRICH: I don*t think that there were.

CO-HEARING OFFICER DODUC: Mr. Ochenduszko,
were there any questions asked that were deferred to
somebody else that we need to track?

There were a couple of questions by
Mr. Hitchings and Mr. Bezerra, | believe, but 1 thought
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that Mr. Milligan at least attempted to answer them.

MR. OCHENDUSKO: That"s correct.

And, as well, Ms. Nikkel brought up some model
questions but she didn"t actually ask those. She
self-deferred.

CO-HEARING OFFICER DODUC: Okay. In that case,
then, 1 thank you, Mr. Milligan, and we will now take our
lunch break.

WITNESS MILLIGAN: Thank you.

(Witness excused.)

CO-HEARING OFFICER DODUC: And when we return,
we will hear from the three witnesses whose names I now
do not remember, and we"ll continue Part -- Panel 2
Petitioners®™ testimony.

We will resume at 2:05.

(Luncheon recess was taken at 1:04 p.m.)
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Thursday, April 27, 2017 2:09 p-m.
PROCEEDINGS
---000---

CO-HEARING OFFICER DODUC: Good afternoon. It
is 2:09. We are back in session. Apologize for being
late; desperately needed to reboot my morning.

With that, we are here and 1 believe,

Mr. Mizell and Mr. Berliner, you have witnesses here for
the second portion of your Panel 2.

How much time do you anticipate needing for
your direct?

MR. MIZELL: 35 minutes.

CO-HEARING OFFICER DODUC: 35 minutes. Okay.

Just for planning purposes, who here plan on
conducting cross-examination?

Please come up and give me a rough time
estimate, identify yourself and your Group Number to help
me make my notes.

MR. HERRICK: John Herrick, South Delta
parties.

Maybe 20 minutes.

CO-HEARING OFFICER DODUC: 1I™m sorry?

MR. HERRICK: Maybe 20 minutes.

CO-HEARING OFFICER DODUC: Okay.-

MS. MESERVE: Good afternoon. Osha Meserve for
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land, et al.

Probably about 30 minutes, though it may go to
45.

And I do have a proposal to switch the ordering
a little bit. 1"ve conferred with some other
Protestants. And would you like me to mention that now
or —-

CO-HEARING OFFICER DODUC: Please.

MS. MESERVE: What we*d like to do, with your
indulgence, was to have 24, San Joaquin County, go in the
next order where 1 would go in 19, and then --

CO-HEARING OFFICER DODUC: I™m sorry. So
that -- Would you be following 24 or before?

MS. MESERVE: |1 would be, but the one other
accommodation is that City of Stockton would like to go
after me and they"re 22. So the way that portion of the
lineup would go would be 24, 21, 19, 22.

I do not believe there are parties here 1in
between those numbers, but 1Tt they are .

CO-HEARING OFFICER DODUC: Okay. 24, 21, 19,
22.

And you are 19 and you have estimated 30 to 45
minutes.

MS. MESERVE: Yes.

CO-HEARING OFFICER DODUC: All right.
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MS. MESERVE: Thank you.

MS. TABER: Good afternoon, Kelly Taber for the
City of Stockton, Group 22.

We may need up to an hour, depending on how the
guestions are answered.

CO-HEARING OFFICER DODUC: Okay.

MS. TABER: 1 would hope to be more efficient,
though.

MR. KEELING: Tom Keeling for the San Joaquin
County Protestants.

I estimate between 45 minutes and an hour.

CO-HEARING OFFICER DODUC: And I™"m sorry.
What -- What group number are you? You“re 217

MR. KEELING: 24.

CO-HEARING OFFICER DODUC: 24. Ah.

MR. KEELING: You will notice that once again 1
am the goat.

CO-HEARING OFFICER DODUC: Yes, you are.

Okay. So that"s 24, 21, 19 and 22.

MS. DES JARDINS: Dierdre Des Jardins,
California Water Research.

And I estimate half an hour.

CO-HEARING OFFICER DODUC: All right. With
that, I will turn to Mr. Mizell and Mr. Berliner.

MR. JACKSON: Excuse me.
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CO-HEARING OFFICER DODUC: 1"m sorry?

MR. JACKSON: Given that -- those time limits,
is there any possibility we"ll get to another panel
today?

CO-HEARING OFFICER DODUC: 1 don"t believe so,
not unless they --

MR. JACKSON: Those of us who have questions --

CO-HEARING OFFICER DODUC: -- are grossly
overestimating their times.

MR. JACKSON: Okay. Mr. Mizell, do you have
another panel today?

MR. MIZELL: |If we were required to call
another witness today, we could do so, but I am not
proposing to do that unless the --

MR. JACKSON: 1"m trying to help him, so maybe
that I can go home and he can"t.

CO-HEARING OFFICER DODUC: Well, Mr. Jackson,
if you want to go home, I want to go home.

MR. JACKSON: Well, I think Ms. Marcus could
actually to this by herself once.

CO-HEARING OFFICER MARCUS: Not as well as she
can in any --

CO-HEARING OFFICER DODUC: Well, what we"re --

CO-HEARING OFFICER MARCUS: -- way, shape or
form.
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MR. JACKSON: 1 mean --

CO-HEARING OFFICER MARCUS: While 1 appreciated
it once.

CO-HEARING OFFICER DODUC: 1 like you,
Mr. Jackson.

MR. JACKSON: You could hit 99. You don"t have
to hit a hundred.

CO-HEARING OFFICER DODUC: Thank you,
Mr. Jackson, but I think, in the interest of nothing else
than my sanity, we will not go to the next panel today.

Mr. Mizell, do any of your witnesses need to
take the oath?

MR. MIZELL: Yes, they do. Dr. Preece and
Mr. Owen both need the oath.

CO-HEARING OFFICER DODUC: Please stand and
raise your right hand.

MICHAEL BRYAN, DOUGLAS M. OWEN and ELLEN PREECE
called as witnesses for the Petitioners, having been
first duly sworn, were examined and testified as follows:

DIRECT EXAMINATION BY
MR. MIZELL: Dr. Bryan, is DWR Exhibit 81 a
true and correct copy of your testimony?
WITNESS BRYAN: Yes.
MR. MIZELL: Dr. Preece, is DWR-83 a true and
correct copy of your testimony?
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WITNESS PREECE: Yes.

MR. MIZELL: And is DWR-16 a true and correct
copy of your Statement of Qualifications?

WITNESS PREECE: Yes.

MR. MIZELL: Mr. Owen, is DWR-82 a true and
correct copy of your testimony?

WITNESS OWEN: Yes.

MR. MIZELL: And is DWR-15 a true and correct
copy of your Statement of Qualifications?

WITNESS OWEN: Yes.

MR. MIZELL: Thank you.

I"m going to turn the microphone to Dr. Bryan
and Mr. Owen, and they will summarize their written
testimony for you.

WITNESS BRYAN: Could you put up the testimony
that Mr. Mizell provided at the break.

Good afternoon, Hearing Officer Doduc, members
of the Board, Board staff. My name is Dr. Michael Bryan
and I will be leading the water quality presentation this
afternoon.

My presentation will present to the Board my 10
opinions that 1"ve developed by conducting technical
analyses in support of preparing testimony in three basic
areas, those being the California WaterFix effects on
harmful algal blooms and water quality at the City of
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Sacramento®s Water Treatment Plant intakes on both Lower
American and Lower Sacramento Rivers.

My full analysis and rebuttal of claims made by
the City of Sacramento is provided in my written
testimony submitted as Exhibit DWR-651.

Second area would be California WaterFix
effects on harmful algal blooms in the Delta. And again
my Ffull analysis and rebuttal of claims made by
San Joaquin County and other parties pertaining to this
topic is provided in my written technical report
submitted as Exhibit DWR-653.

And, Ffinally, the California WaterFix effects
on harmful algal blooms and water quality at the City of
Stockton®"s drinking water intake on the San Joaquin
River.

And, once again, my full analysis and address
of water quality concerns raised by the City of Stockton
is included in my technical report submitted as Exhibit
DWR-652.

MR. HUNT: Pardon. Before we continue, can you
please identify each slide and where it comes from as we
go throughout the process?

WITNESS BRYAN: Yes.

MR. HUNT: Thank you.

MR. MIZELL: |If 1 might just insert here,
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Dr. Bryan.

The PowerPoints you are seeing this afternoon
are a condensed version of what was submitted. There
havent been any substantive change -- There have been no
content changes. What we have done is eliminated slides
that were not necessary in order to make a summary
presentation, and we"ve inserted Mr. Owen"s slides in the
center where they flowed most naturally.

So it is modified from what was submitted as an
exhibit but you can see that in the corners are the full
citations to each and every slide and the contents are
unchanged.

WITNESS BRYAN: So as | go through the
presentation. [1°1l just refer to the slide number that"s
in the upper right-hand corners of the slide.

So my First four opinions were developed based
on my analysis of the California WaterFix effects at the
City of Sacramento"s water treatment plant intakes again
on the Lower Sacramento and Lower American Rivers.

The city claimed that the California WaterFix
would result in river flows and temperatures that would
increase harmful algal blooms in the Lower Sacramento and
Lower American River, cause probable level increases in
disinfection byproduct formation potential at the water
treatment plants, cause increases in river dissolved
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metals and organic carbon that also would adversely
affect water treatment plant operations and disinfection
byproduct levels at those treatment plants.

The city"s experts provided no analysis
specific to the California WaterFix as it"s currently
proposed to support these claims.

For my analyses, | used flow, velocity and
temperature modeling output originally presented in DWR"s
case in chief, as well as temperature modeling presented
in the Biological Assessment for the California WaterFix.

Slide 4.

Because much of my rebuttal testimony relates
to how the California WaterFix would potentially affect
microcystis blooms in the rivers upstream from the Delta
and in the Delta, 1 wanted to first identify for you the
preliminary -- the primary environmental factors that
affect microcystis bloom frequency and magnitude in these
water bodies. And these are shown, again, on Slide 4
here.

The primary eight biotic factors are:

Water temperature. Studies have shown that
temperatures need to be 19 degree Celsius or higher in
these water bodies to get microcystic blooms,

66.2 degrees Fahrenheit. That restricts the bloom season
to the summer and early fall months of the year.
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Microcystis needs low flows and channel
velocities resulting in low turbulence and mixing and
long residence times, water pollen gradiance and clarity
that produces photosynthetically active radiation of 50
micromoles per second or greater, and sufficient
nutrients, both nitrogen and phosphorus, as well as
biofactors in competition with other algae and grazing by
zooplankton.

All of these fTactors work together to control
microcystis bloom in any particular place in the Delta or
upstream of the Delta.

My testimony will focus primarily on water
temperature and channel Fflow velocity because other
parties have claimed that the California WaterFix would
change these parameters in a manner that would cause
greater microcystis blooms in the water upstream of the
Delta and in the Delta.

My Tirst opinion pertains to Lower Sacramento
River harmful algal blooms.

Based on my analyses, it"s my opinion that
neither the frequency nor magnitude of cyanobacterial
blooms would change in the Lower Sacramento River due to
the California WaterFix effects on flows and
temperatures.

Slide 7.
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To determine how model changes in river Fflows
and associated velocity and turbulence due to the
California WaterFix, relative to that which would incur
under the No-Action Alternative Scenario could affect
microcystis blooms, 1 turn to the scientific literature.

My review of the world"s literature on this
topic revealed that flow velocities in the range of .1 to
1.3 feet per second disrupt microcystis blooms.

Velocities of .2 to 1 foot per second have been
shown to disrupt microcystis blooms to the point where
the dominant algal community is shifted from
cyanobacteria to green algae and diatoms.

Velocity above one foot per second has been
documented in the literature to quickly disrupt an
established microcystis bloom.

In short, the scientific literature indicates
that channel velocities above about .2 feet per second
become increasingly less favorable for cyanobacteria,
including microcystis, due to the turbulence in mixing
what they cause in the water column.

With regards to turbulence and mixing,
microcystis is at a competitive disadvantage over other
algae -- a competent advantage, rather, over other algae
when the water column has low turbulence and it"s a
stable, calm water environment.
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But microcystis is at a disadvantage when flow
velocities are higher and there®s turbulence and mixing
in the water column.

Slide 9.

Because channel velocity dictates the relative
degree of channel turbulence and mixing, 1, therefore,
analyzed model velocity data for the Lower Sacramento
River at River Mile 58. It"s about 2 miles downstream
from the City of Sacramento®s Sacramento River Water
Treatment Plant.

Using Exceedance Probability Plots for the
California WaterFix scenarios, Alternative 4A,
operational scenario H3, 4A, H4, Boundary 1, Boundary 2
and the No-Action Alternative as shown in the legend on
the bottom of the slide.

This example plot for the Lower Sacramento
River in August shows the probability with which daily
maximum velocities would exceed specified velocities
shown on the vertical axis.

There®s a couple of things 1°d like you to note
in the slide, on Slide 9.

First, daily maximum velocities for the
California WaterFix scenarios remain above about .9 feet
per second at all times which, according to the
literature that we just reviewed a minute ago, is a
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velocity that®"s too high to allow micro -- cyanobacteria
to create green algae and diatoms within the river.

Second, during the 40 percent of the time on
the river where velocities are the lowest, which you can
see on the right side of the figure, the California
WaterFix would more frequently result in higher
velocities than would occur under the No-Action
Alternative, which is indicated by the black line. The
California WaterFix scenarios are indicated in the
color -- colored lines in these graphics.

Turning to Slide 10.

When looking at velocities on an even finer
15-minute time-step for the month of August, you see in
this slide, on Slide 10, August -- | should mention
August is a key month for microcystis blooms in the
Central Valley.

There"s a couple of things 1°d like you to note
from this figure.

First, we see that the frequency with which any
given velocity is exceeded is very similar among all five
scenarios modeled.

Second, for the 40 percent of the time when
velocities are lowest, again which you can see on the
right side -- lower right side of the graphic, the
California WaterFix would more frequently result in
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higher velocities than would the No-Action Alternative.

Slide 11.

As the figure in this slide shows, the
frequency with which any given temperature would be
exceeded in the Lower Sacramento River upstream of the
city"s Sacramento River Water Treatment Plant in the
month of August would be about the same for the proposed
action and the No-Action Alternative.

So the California WaterFix as shown by the PA,
the red line -- PA standing for proposal action, because
this modeling came from the Biological Assessment for the
California WaterFix.

In that modeling, the WaterFix was depicted as
Alternative 4 H3+.

Figures for other months through the
May-through-October period, that period of the year when
water temperatures in the river are warm enough for
microcystis blooms to occur looks similar to this figure
here in Slide 11, indicating that the California WaterFix
would have very small effects on Lower Sacramento River
water temperature relative to that which occur under the
No-Action Alternative.

The minor temperature effects of the California
WaterFix would not change the frequency or magnitude of
blooms in the river relative to that which would occur on
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the thermal regime that would exist on the No-Action
Alternative.

This Finding from detailed analyses does not
support the city"s claim pertaining to temperature of
harmful algal blooms in the Lower Sacramento River.

My analyses supported the same opinion for the
Lower American River.

Slide 12.

Based on similar analyses, my second opinion
for the Lower American River harmful algal blooms is
similar to the opinion that I just went through with you
for the Lower Sacramento River.

I*"m having difficulty with the clicker here.

There we go. Maybe 1 was pointing it the wrong
way -

My third opinion pertains to disinfection
byproducts of the City of Sacramento®s water treatment
plants.

Based on my analyses, 1t"s my opinion that the
California WaterFix would not cause increases in
temperature and organic carbon in the Lower Sacramento
and Lower American Rivers of frequency and magnitude that
would substantially increase the disinfection byproduct
formation potential in the city"s water treatment plants.

Slide 16.
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The city"s water treatment plants are regulated
to comply with disinfection byproduct drinking water
MCLs -- maximum contaminant levels -- in the treated
drinking water supply on an annual average basis.

To determine how the California WaterFix would
affect total trihalomethane formation potential, for
example, 1 First determined the highest annual average
temperature increase modeled for the Lower Sacramento and
Lower American Rivers, which was .1 degrees Fahrenheit
for the Lower Sacramento River and .5 degrees Fahrenheit
for the Lower American River.

Again, this is on an annual average basis.

I then reviewed the scientific literature to
identify general models that have been developed to show
how the temperature how -- when temperature increases in
raw water supply, what effect that temperature change has
on the total trihalomethane formation potential at a
water treatment plant.

Using five such models, all of which show the
good predictability, the highest percent increase iIn
total for trihalomethanes determined for the Sacramento
River®s .1 degree Fahrenheit annual average temperature
increase was .4 percent shown on the left side of this
slide.

It was 1.6 percent for the half a degree
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maximum annual temperature increase modeled for the Lower
American River shown on the right side of the slide.

This translates into about a
one-microgram-per-liter increase in total trihalomethane
production for which the drinking water MCL is 80, total
80 micrograms per liter.

For additional perspective, the city"s annual
average of total trihalomethane concentration reported in
it"s 2012 through 2015 Water Quality Consumer Confidence
Reports range from 57 micrograms per liter to 74
micrograms per liter.

At this point of the presentation, 1°d like to
turn things over to Mr. Owen, who has also provided
testimony on this topic, on the trihalomethanes, and 1711
let him add to this discussion.

WITNESS OWEN: Thank you, Dr. Bryan.

My qualifications are in Exhibit DWR-15 related
to this topic.

And on the Slide --

MR. BAKER: So --

WITNESS OWEN: -- DW --

MR. BAKER: -- before we move on, the previous
slides were from DWR-8 errata, and then these slides will
be from DWR-9; is that correct?

WITNESS OWEN: (Nodding head.)
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MR. BAKER: Thank you.

WITNESS OWEN: And it"s listed in the upper
right-hand corner as DWR-9.

I have only two slides, one with my conclusions
and the second with some backup.

My Ffundamental conclusions are three:

A temperature difference of 1l-degree Fahrenheit
is very small in terms of affecting THM, and I also
include HAA5, because both of these are chlorinated
algaenated compounds that are regulated under the DBP
rule, so | included HAA5 as well.

This temperature change alone of that magnitude
would not result in a DBP compliance issue for the City
of Sacramento"s water treatment plants.

To reach an extent of change in temperature at
which it would be observable is probably more on the
order of 5 degrees centigrade, which is close to
10 degrees Fahrenheit. And many of -- much of the work
that"s been done in developing predictive equations that
Dr. Bryan was talking about, and on which 1 relied,
usually used this kind of increment, 5 degrees
centigrade.

I also noted in Bonny Starr®s testimony, which
was City of Sacramento-8, that she indicated that
increases in water temperature affected water treatment
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processes themselves.

And it wasn"t clear in that testimony to me
whether she thought that were a good or a bad thing, but
actually it"s a positive thing. Conventional processes
as well as disinfection become more efficient as
temperature increases, although at al-degree Fahrenheit
increment, it would not be discernible.

So in the upper right-hand corner, this also
says DWR-9.

So the analytical approach that 1 used is
similar to what Dr. Bryan did. 1 applied an
industry-accepted model. It is one of the mod -- one of
the predictive equation groups that Dr. Bryan has used,
but I used it because it is the one that was used by the
USEPA in developing the THM and HAA5 requirements as part
of the Stage | and Stage 11 DBP role, and 1 am familiar
with that work that was engaged in that process.

So my percent -- I also used a 1-degree
Fahrenheit difference, and that"s a little bit higher
than the annual average that Dr. Bryan used. 1 wanted to
be conservative in this fashion so | looked over all the
temperature increases in the modeling work that Dr. Bryan
had done at any probability of exceedance for any month
and 1l-degree Fahrenheit was the maximum, so | chose that.

And so I increased both at a lower end and an
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upper end the temperature by one degree. And you can see
the increase in percentages for total trihalomethanes in
the Sum of Five Haloacetic Acids.

Note that actually the percentages of decrease
as the temperature increases. It"s not a linear function
that"s associated with this. And all of these
percentages would not in any way result in a compliance
issue for the City of Sacramento water treatment plants
for these algaenated compounds under the DBP rule.

And so, Dr. Bryan, I°11 turn this back to you.

WITNESS BRYAN: Thank you, Mr. Owen.

So, continuing with DWR-8 errata, Slide 17.

The city claimed that the California WaterFix
would increase dissolved organic carbon in Lower
Sacramento River and Lower American Rivers due to two
factors: Increased cyanobacteria and reduced reservoir
storage.

As | already discussed, cyanobacteria would not
change notably in either of the rivers between the
California WaterFix and the No-Action Alternative and,
thus, would not contribute to higher dissolved organic
carbon in the rivers.

With regards to storage, the city claimed that
releases from reservoirs at lower storage levels would
load additional organic carbon in the rivers below the
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reservoir.

They further claim that lower reservoir levels
in the fall would expose more shoreline within the
reservoir, which would load more organic carbons in the
rivers once we had a first flush event in the fall. My
analyses did not support either of the city"s claims with
regards to reservoir storage.

Regarding potential exposed shoreline and using
Folsom Reservoir as an example in my analysis, the
potential additional exposed shoreline in the fall for
the -- of the year for the California WaterFix relative
to the No-Action Alternative would constitute less than
1,100th of 1 percent of the acreage of the watershed.
Such a negligible change in the watershed would not be
expected to change organic carbon levels in the rivers
downstream in the reservoir.

1"11 get this clicker figured out about the
time I"m done with my presentation here. Still trying
this.

CO-HEARING OFFICER MARCUS: 1It"s the clicker;
it"s not you.

CO-HEARING OFFICER DODUC: Could we help him?

WITNESS BRYAN: There we go.

Slide 19.

To address the city"s claim that lower storage
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results and higher organic carbon in the rivers
downstream in the reservoir, | compiled monthly Shasta
storage data in river dissolved organic carbon in -- in
the river downstream of the reservoir at Balls Ferry.

As shown in the Ffigure on Slide 19, the
dissolved organic carbon in the river does not go up as
storage goes down, as was claimed by the city. In fact,
these data show no relationship between Shasta storage
and organic carbon in the lower Sacramento River
downstream of the reservoir.

Slide 20.

I performed the same analyses for Folsom
Reservoir storage in Lower American River organic carbon.
And, again, you can see from this figure organic carbon
in the Lower American River does not go up as storage
goes down.

Slide 21.

I*"m keeping a close eye on these slides here.

Slide 21.

My fourth opinion pertains to reservoir storage
and dissolved metals in the rivers.

Based on my analyses, it"s my opinion that
discharge from reservoirs having somewhat lower summer
and fall storage for the California WaterFix relative to
that of the No-Action Alternative would not cause
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increased dissolved metals in the rivers and, thus, would
not cause additional treatment requirements at the water
treatment plants.

Slide 23.

Modeling for the California WaterFix shows no
substantial reductions in end-of-September storage for
either Shasta or Folsom Reservoirs.

Slide 24.

To further assess this issue, | compiled
monthly Shasta and Folsom storage data from CDEC and
metals data in the rivers below these reservoirs from
DWR"s Water Quality Data Library.

And as shown on Slide 24, this figure relates
to dissolved iron concentrations at the Lower Sacramento
River at Balls Ferry to end-of-September storage in the
reservoir, Shasta Reservoir.

The weak positive relationship of lower
dissolved metal concentration in the river when reservoir
storage levels are lower, shown here again in Slide 24,
is the opposite relationship of that claimed by the city.

I also demonstrated this for manganese, which
is shown and discussed in my technical report.

Slide 26.

111 now move on to the second major component
of my presentation this afternoon where | present Ffive
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opinions pertaining to the effects of the California
WaterFix on Delta harmful algal blooms.

This testimony is being provided as rebuttal of
claims made by San Joaquin County and other parties as
specified -- specifically identified and cited in my
written technical report, which again was submitted as
DWR Exhibit DWR-653.

Slide 27.

My Tifth opinion pertains to Delta flows and
harmful algal brooms. Based on my analyses, it"s my
opinion that although microcystis blooms are expected to
occur at certain Delta locations in the future just as
they have occurred historically, channel velocities at
various Delta locations would not be altered to a degree
that would make hydrodynamic conditions substantially
more conducive to microcystis blooms under the California
WaterFix scenario relative to the hydrodynamics that
would occur in these channels under the No-Action
Alternative.

Slide 29.

I assessed 10 Delta locations, many of which
have experienced microcystis blooms in the past, for my
flow velocity analysis, and those are shown on this --
this figure on Slide 29.

Slide 30.
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In the interest of time, 1°1l present just one
of the 10 locations to demonstrate the basis of my Ffifth
opinion. The location is Old River at Rock Slough which
is a Delta location that has experienced microcystis
blooms in the past.

I have two points to make from this Probability
Exceedance Plot for daily maximum flows shown on
Slide 30.

First, the frequency with which any given daily
maximum channel velocity would occur would be merely the
same for all five scenarios.

This is particularly true for the 50 percent of
the time when flows are at their lowest, which you can
see on the right side of the graphic.

Second, daily maximum velocities are always
sufficiently high at or about .8 feet per second to
produce turbulence and well-mixed conditions within the
channel that are more favorable to green algae and
diatoms and less favorable for cyanobacteria, including
microcystis.

The daily maximum Exceedance Plots for the
other marine locations analyzed are similar to this one,
shown here for Old River.

Slide 31.

In analyzing model 15-minute absolute velocity
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data -- When 1 say "absolute,”™ | mean these are
velocities regardless of which direction you"re going.
We"re working with absolute velocities.

We see that when velocities are below about
.8 feet per second, the frequency with which a given
velocity would be exceeded for the California WaterFix
would be equal to or greater than that for the No-Action
Alternative.

And you can see that in kind of the right lower
part of the slide where the colored lines are all at or
above the black line for the No-Action Alternative.
Hence, the California WaterFix is not causing low-flow
velocities more often than under the No-Action
Alternative scenario.

Velocities between about .8 and 1.2 feet per
second do occur somewhat less frequently for the
California WaterFix relative to the No-Action. And you
can see that in the left upper portion of the graphic.

Nevertheless, the velocities that do occur for
the California WaterFix in this range are sufficiently
high to place cyanobacteria at a hydrodynamic
disadvantage in its competition with other algae because
of the turbulence and velocity that such high floats
would produce.

Consequently, somewhat reduced velocities for
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the California WaterFix scenario in this higher velocity
range of .8 to 1.2 feet per second would not be expected
to encourage greater cyanobacteria blooms at this
location relative to that which would occur under the
No-Action Alternative.

Slide 36.

My sixth opinion pertains to the effects of the
California WaterFix on Delta channel flow velocities as
they affect Delta residence time and harmful algal
blooms.

Based on my analyses, it"s my opinion that
increased residence time alone does not equate with
increased microcystis bloom frequency or magnitude.

Based on current science, it"s uncertain how
cyanoHABs would react to California WaterFix-driven
changes iIn residence time as modeled.

Slide 37.

This is continuing on the residence time topic.

Channel velocities really are the driver of a
number of key factors affecting microcystis, including
residence time, channel turbulence and mixing, which is
the real big one because it affects the competition of
the microcystis with other algae, and in-channel
turbidity, in-channel-generated turbidity, which then
affects the attenuation of light down through the water
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column and, of course, all algae are competing for light.

Because these and other factors interact in a
complex fashion to affect cyanoHABs, increased or long
residence time alone by itself, as a factor by itself, do
not always result in a bloom occurrence or an increased
bloom frequency. And we see that from various research
that"s been done in the Delta.

Slide 40.

My seventh opinion pertains to the effects the
California WaterFix are on Delta temperatures and harmful
algal blooms.

Based on my analyses, it"s my opinion that the
frequency and magnitude of cyanobacteria blooms in the
Delta would not increase substantially due to the minor
increases -- or changes in temperatures due to the
California WaterFix relative to the temperatures that

would occur in the same locations under the No-Action

Alternative.
Slide 42.
I —- For this temperature assessment, 1

analyzed nine different locations, which included both
streams and rivers, the Sacramento River and the

San Joaquin location on each of those rivers, as well as
a number of central south and eastern Delta locations
known to have experienced microcystis blooms in the past.
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Slide 44.

The Probability Exceedance Plot on Slide 44
shows that the frequency with which any given temperature
would occur in the San Joaquin River at Prisoner®s Point
in the month of August would be about the same for the
California WaterFix in the No-Action Alternative.

This minor difference in August temperature
regime between the two scenarios would not alter
microcystis bloom frequency or magnitude at this river
location for the California WaterFix relative to that
which would occur under the temperature regime for the
No-Action Alternative.

This was also the case for the other eight
locations that | assessed, so I"m only showing you this
plot for Prisoner®s Point. But the other Exceedance
Plots for the other eight locations look very similar to
this.

Slide 46.

My eighth opinion pertains to the effects of
the California WaterFix on Delta turbidity and harmful
algal blooms.

Based on my analyses, it"s my opinion that
minor change in turbidity that may occur for the
California WaterFix would not have a substantial effect
on the frequency or magnitude of harmful algal blooms in
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the Delta.

Continuing on this turbidity topic, Slide 48.

The Final EIR/EIS analyzed that -- analysis of
turbidity concluded that the California WaterFix would
have less than significant adverse effects on Delta
turbidity.

We can also, you know, glean additional insight
on this issue by looking at recent research, and in
particular, Lehman et al. (2017) which was a study of
microcystis blooms in the Delta for the drought year of
2014 compared to what occurred in wet years of 2004 and
2005 and dry years of 2007 and 2008.

The Lehman et al. study found that Delta
turbidity and light levels in the euphotic zone -- that
zone of water column that algae is productive -- did not
differ significantly between the drought year 2014 and
other years, despite the San~Joaquin River flows being a
factor of three lower in 2014 relative to what they were
in the wet years of 2004 and 2005.

Because flow difference is a factor of
three-across years did not significantly alter Delta
turbidity or light availability for microcystis, | would
not expect the smaller magnitude flow differences between
the California WaterFix and the No-Action Alternatives to
significantly affect Delta turbidity or light
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availability for microcystis.

Slide 49.

My ninth opinion pertains to the effects of the
California WaterFix on Delta nutrients and harmful algal
blooms.

Based on my analyses, it"s my opinion that
relatively small increases in nutrients due to the
California WaterFix would not be expected to increase the
frequency, magnitude or duration of cyanobacteria
blooms -- cyanoHABs, as we call them -- in the Delta
relative to that which would occur from the No-Action
Alternative.

Slide 51, continuing on this topic of
nutrients.

The issue raised by the other parties is --
pertaining to nutrients is that the California WaterFix
scenarios would increase the proportion of San Joaquin
River water and decrease the proportion of Sacramento
River water in the Central Delta.

Because San Joaquin River water is higher in
nitrogen and phosphorus than the Sacramento River, that
change in flow factions leads to an increase in nutrients
in those Central Delta locations, nitrogen and
phosphorus.

So to assess the effects of these slight
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increases in nitrogen and phosphorus, 1 turned to the
scientific literature which indicates that total nitrogen
and orthophosphate, or soluble reactive phosphorus -- SRP
as it"s shown in the slide -- which is the form of
phosphorus most readily used by phytoplankton, are
available in nonlimiting amounts in our Delta.

In a review article of everything that was
known about microcystis at the time that they wrote it in
2015, Berg and Sutula found that nutrient concentrations
in N-to-P ratios did not -- did not change sufficiently
among years to explain the interannual variation in
microcystis blooms, frequency of occurrence for the
biomass of those blooms.

They further state in their paper, and 1 quote
here (reading):

"Therefore, the initiation of microcystis
blooms and other cyanoHABs are probably not
associated with changes in nutrient concentrations
or their ratios in the Delta.”

Findings from these researchers and others
indicate that small changes in nitrogen and phosphorus
that would occur for the California WaterFix would not be
expected to affect microcystis blooms in the Delta.

I was on a roll there but -- No. There we go.
Thanks for the help.
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Slide 52.

This brings me to my third and final topic
area.

My tenth opinion pertains to the effects of the
California WaterFix on water quality at the City of
Stockton"s water treatment plant intake on the
San Joaquin River.

Based on my analyses, it"s my opinion that the
California WaterFix would not alter the water quality at
the City of Stockton®s Water Treatment Plant intake in a
manner that would cause adverse impacts to the municipal
and industrial supply of beneficial uses at that river
location.

This opinion that 1 reached from forming
site-specific analyses is consistent with the impact
determinations made in the Recirculated and Final EIR.

Slide 53.

The water quality concerns raised by the City
of Stockton are those listed here in Slide 53.

It"s my opinion that the impact assessment for
these constituents presented in the Recirculated Draft
and Final EIR/EIS adequately and accurately addressed
whether or not the California WaterFix would cause
significant adverse effects or impacts to the municipal
and industrial supply and beneficial uses of the Delta,
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including the Reach of the San~Joaquin River where the
City of Stockton groups for NI (phonetic) uses.

Nevertheless, additional analyses were
performed, specifically at the city"s intake location, to
best address their concerns that they raised in these
proceedings.

I1"ve already presented my opinions on the
effects of the California WaterFix on the latter two
issues listed on Slide 53, those being water temperature
and cyanobacteria. My opinions presented on these topics
also apply to the city"s intake location on the
San Joaquin River.

Regarding other toxins, the EIR/EIS assessed a
total of 182 different constituents or constituent
classes, many of which were toxins, and found that the
California WaterFix would result in less than significant
non-adverse impacts for all toxic compounds in the Delta,
including the San Joaquin River.

Regarding pesticides, my technical report,
Exhibit DWR-652, provides a detailed assessment for the
potential for the California WaterFix to affect pesticide
levels for those pesticides at the drinking water --
city"s drinking water intake, those pesticides that are
regulated with drinking water MCLs.

This assessment did not identify any pesticides
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that the California WaterFix would increase to levels of
concern for the diversion and treatment of municipal and
industrial water supplies at the city"s intake location.

The Ffinal five constituents listed in Slide 53,
those being bromide, chloride, EC, organic carbon and
nitrate plus nitrite, were assessed quantitatively using
the DSM-2 modeling output for the four California
WaterFix scenarios: Again, 4A H3, 4A H4, Boundary 1,
Boundary 2 and the No-Action Alternative.

Slide 55.

As an example of these latter constituents and
analyses that 1 performed on them, Slide 55 shows
box-and-whisker and probability of exceedance plots for
monthly bromide concentrations iIn the San~Joaquin River
at the City of Stockton"s intake location.

The period of record analyzed using the DSM-2
model is the same period we would have had in the past,
which is 1976 to 1991.

I also In the technical report analyzed each of
the Water Year types individually. This particular
graphic shows all years together for the period of
record.

There are no adopted water quality objectives
or criteria for bromide, and the primary source of
bromide is the city"s water treatment plan intake
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location of seawater intrusion or bromide concentrations
as background levels in the San Joaquin River itself.

I conclude from the site-specific analyses that
bromide concentrations that would occur at the site for
the California WaterFix need not substantially degrade
water quality with respect to bromide relative to that
which would occur at this site under the No-Action
Alternative and, thus, would not adversely impact
San Joaquin River®s municipal and industrial supply
beneficial uses.

This is the same impact conclusion reached for
bromide in the Final EIR/EIS.

I made the same technical findings from my
site-specific analyses for chloride, EC, nitrate plus
nitrite, and organic carbon.

With that, I will end and answer any questions
that the Board staff may have.

CO-HEARING OFFICER DODUC: Thank you,

Mr. Mizell. That concludes your direct?

MR. MIZELL: 1t does.

CO-HEARING OFFICER DODUC: All right. Then we
will begin with cross-examination.

And 1 think the first group up will be -- Well,
it would have been Miss Meserve for Group 19, but per her
request, it is Mr. Keeling, Group Number 24, who will go
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And Mr. Keeling, 1 would like to give the court
reporter a break around 3:30, so please find a convenient
time because you had requested an hour.

MR. KEELING: Yes.

CO-HEARING OFFICER DODUC: So if there"s a
natural break around 3:30, we will take our break then.

MR. KEELING: Good afternoon, Hearing Officers,
counsel, and the witnesses. 1™m Tom Keeling on behalf of
the San Joaquin County Protestants.

My questions are all for Dr. Bryan. They have
to do with the -- particularly the Delta but going into a
little bit more of his testimony about key factors such
as turbidity, velocity that affect the formation of HABs.

CROSS-EXAMINATION BY

MR. KEELING: As a preliminary matter,

Dr. Bryan, has the DSM-2 model ever been used in a
peer-reviewed scientific journal to predict the effects
of flow velocities and HABs formation?

WITNESS BRYAN: 1 don"t know.

MR. KEELING: Has the DSM-2 model ever been
used to assess the potential for formation of HABs in a
peer-reviewed scientific journal?

WITNESS BRYAN: 1 guess that sounds like the
same question to me. Was there a different aspect to
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that question?

MR. KEELING: 1"m reading -- I"m phrasing it
another way. |Is the answer still you don®"t know?

WITNESS BRYAN: Could you repeat the question?

MR. KEELING: Has the DSM-2 model ever been
used to assess the potential for formation of HABs in any
peer-reviewed scientific journal at all?

WITNESS BRYAN: It may have been, but 1 -- 1
don"t -- 1"m not aware.

MR. KEELING: Am I -- Do I recall correctly
that you examined Knights Landing for temperature?

WITNESS BRYAN: Yes.

MR. KEELING: And you looked at Knights Landing
for flow as well; is that right?

WITNESS BRYAN: No, not for flow.

MR. KEELING: Why didn"t you examine other
locations for temperature, such as Elk Slough or
Snodgrass Slough?

WITNESS BRYAN: 1 didn"t have temperature
modeling data available at those locations.

MR. KEELING: Did you conduct any kind of
investigation to see if we would have temperature data
available for locations that might be more conducive to
HABs formation than Knights Landing?

WITNESS BRYAN: The reason that I analyzed
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temperature at Knights Landing was as part of my rebuttal
of City of Sacramento®s claims that California WaterFix

would increase microcystis blooms in the Sacramento River
upstream of their Sacramento River Water Treatment Plant.

So the logical location to look at temperature
and velocities was near their -- their intake. So that"s
why | used that -- the location of Knights Landing
upstream of their intake location.

MR. KEELING: Did the City of San Joaquin®s
testimony -- Did the City of Sacramento®s testimony
include a discussion of Knights Landing?

WITNESS BRYAN: I don"t believe that it did.

MR. KEELING: Or temperature at Knights
Landing?

WITNESS BRYAN: I don"t recall that they
discussed that, no.

MR. BERLINER: 1I"m sorry. 1 apologize for
interrupting.

But Mr. Keeling asked a question, did the City
of San Joaquin --

MR. KEELING: City of Sacramento. 1°m sorry.

MR. BERLINER: | suspected that. But maybe you
could -- Could you ask the question again, because the
record reads City of San Joaquin.

MR. KEELING: Let the record reflect that I
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meant the City of Sacramento.

MR. BERLINER: Thank you.

And just for the witness, if you could confirm
his answer would remain the same.

MR. KEELING: And the answer would remain the
same even if | meant the City of Sacramento rather than
the City of San Joaquin?

WITNESS BRYAN: Yes.

CO-HEARING OFFICER DODUC: And, Mr. Berliner,
the microphone needs to be down closer to you. Thank
you.

MR. KEELING: Do you know of any locations in
the Delta that would be typically subject to lower river
velocities than the main stem of the Sacramento River
during the same model period?

WITNESS BRYAN: Yeah, there are a lot of
different locations in the Delta that would have lower
velocities than the main stem of the Sacramento.

MR. KEELING: Those might include Elk Slough?

WITNESS BRYAN: Sloughs do tend to have lower
velocities than the main stem, yes.

MR. KEELING: That would include Cache Slough
and Snodgrass Slough?

MR. MIZELL: Objection: Asked and answered.

CO-HEARING OFFICER DODUC: Are you moving on,
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Mr. Keeling?

MR. KEELING: Yes.

CO-HEARING OFFICER DODUC: Thank you.

MR. KEELING: Am 1 correct in understanding
that you examined the river velocity using DSM-27?

WITNESS BRYAN: That"s correct.

MR. KEELING: Are the figures shown on Pages 8
and 9 of DWR --

Mr. Baker, DWR-8, not this errata. All of my
discussions will be on DWR-8.

Pages 8 and 9.

(Document displayed on screen.)

MR. KEELING: Do you have Pages 8 and 9 in
front of you, sir?

WITNESS BRYAN: 1 think they"re coming up on
the screen.

MR. KEELING: My question very simply is: Why
don"t these figures identify how they were generated?

WITNESS BRYAN: Why don"t they -- Could you
repeat the question?

MR. KEELING: Oh, I understood from your
previous response that these figures were based on DSM-2.

WITNESS BRYAN: That"s correct.

MR. KEELING: And 1"m wondering why that wasn"t
shown on the figures themselves.
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WITNESS BRYAN: No particular reason.

MR. KEELING: Who prepared the model output
figures that -- for Pages 8 and 9?

WITNESS BRYAN: The modeling is -- was
conducted for DWR"s case in chief, so DWR Modelers would
have produced them.

Then the output files were given to me and my
staff and my staff and 1 worked up these figures.

MR. KEELING: Did you personally prepare these
figures?

WITNESS BRYAN: I did not. My staff produced
these figures.

MR. KEELING: Do you know who on your staff
produced these figures?

WITNESS BRYAN: Yes.

MR. KEELING: Who?

WITNESS BRYAN: Kyle Bloom.

MR. KEELING: Kyle .

WITNESS BRYAN: Bloom.

MR. KEELING: You examined water velocity at
River Mile 58; did you not?

WITNESS BRYAN: 1 examined flow velocity at
River Mile 58 in the Lower Sacramento River, that"s
correct.

MR. KEELING: How was the water velocity at
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River Mile 58 determined?

WITNESS BRYAN: Using the DSM-2 model.

MR. KEELING: DSM-2 uses average velocity; is
that correct?

WITNESS BRYAN: The DSM-2 model runs on a
15-minute time-step, so you can get whatever averages out
of that that you want.

MR. KEELING: Well, 1 was really speaking
specially, not chron -- not temporally.

Let me put It this way: Isn"t it true that
estimated velocities dropped non-linearly from the center
of the channel towards the river margin where the blooms
form?

WITNESS BRYAN: Yes, the channel margins would
have lower velocity than the side of the channel, that"s
correct.

MR. KEELING: So when I -- Going back to my
question about average velocity.

Now you understand what I mean when I say if
there"s a spatial rather than a temporal reference?

WITNESS BRYAN: (Nodding head.)

MR. KEELING: So what®"s the answer?

WITNESS BRYAN: What"s the question?

MR. KEELING: Does DSM-2 use average velocity?

WITNESS BRYAN: If your question is specific to
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how DSM-2 models average velocity spatially, 1 would want
to defer that question to the Modelers. 1 didn"t conduct
the modeling so I can"t specifically tell you how it
spatially averages velocity across the channel.

MR. KEELING: Well, does the method by which
velocity at River Mile 58 was determined also give us the
water velocity on the channel margin of the river?

MR. MIZELL: Objection: Asked and answered.
He"s indicated that that®s a detail that the Modelers
did.

CO-HEARING OFFICER DODUC: Actually, that is a
different question.

MR. KEELING: It is a different question.

WITNESS BRYAN: [It"s my understanding that the
DSM-2 model looks at the entire channel. Exactly how it
averages velocity across that channel, you"d have to ask
the Modelers to define that for you.

So my understanding is, It -- it would look at
all parts of the channel but, again, exactly how it
averages the velocity across the channel, they could
speak to much better than 1.

CO-HEARING OFFICER DODUC: But is it your
understanding that whatever that average is would then
apply to other parts of the channel, the entire channel?

WITNESS BRYAN: Well, my understanding is that
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DSM-2 doesn"t give you different velocities for different
sections of the channel, if that"s the question. It
gives you one velocity for the entire channel.

MR. KEELING: So your answer would be no.

WITNESS BRYAN: To what question.

MR. KEELING: The question 1 just asked, which
is: Doesn"t the method by which velocity at River
Mile 58 was determined also give us the water velocity of
the canal margin of the river?

WITNESS BRYAN: And my answer was: It would --
My best understanding is that it would integrate
velocities in the channel margin as a part of how it
calculates a single velocity for the channel.

It does not give separate velocities for
different, distinct portions of the channel.

MR. KEELING: Madam Hearing Officer, | asked a
yes-or-no question.

CO-HEARING OFFICER DODUC: Mr. Keeling, he
answered the question. 1 understood his answer.

MR. KEELING: Thank you.

CO-HEARING OFFICER DODUC: 1 expect that you do

as well.

MR. KEELING: Thank you.

Well, my next question, then, is: What is the
velocity at the edge of the channel at River Mile -- at
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River Mile 58?

MR. MIZELL: Objection: Vague. At what point
in time? Under what conditions?

MR. KEELING: Well, under what conditions did
you examine velocity at River Mile 58? Those would be
the conditions under which I"m asking this question.

WITNESS BRYAN: So, my analysis used the best
available modeling that"s available to me, modeling that
was specifically done for the California WaterFix to
analyze how this Project would affect flows, velocities,
temperatures, all the things that we"ve been talking
about in this hearing.

So I -- The rebuttal testimony that I was
preparing to rebut claims that the California WaterFix
would cause substantial increases in microcystis blooms
in the Sacramento River upstream of the City of
Sacramento®s Water Treatment Plant. Those claims had no
modeling whatsoever. They had nothing to back them up,
nothing to back up those statements.

So I used best-available information produced
specifically for this hearing process from the standard
models that we"ve talked about for months in this
proceeding, and that"s the best-available information 1
had in order to evaluate velocities in the channel, and
so that"s what 1 used.
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MR. KEELING: 1°"m going to move to strike the
entire monologue, which was unresponsive and it didn"t
constitute evidence.

CO-HEARING OFFICER DODUC: Mr. Keeling, you
asked a question. He answered it to the best of his
ability.

I followed his answer, and so | will ask you to
move on because 1 think you®"ve made your point on this.

MR. KEELING: Did you use the particle tracking
module, sometimes referred to as the PTM?

WITNESS BRYAN: No, I did not.

MR. KEELING: Are you aware of what the PTM is?

WITNESS BRYAN: Yes.

MR. KEELING: And you didn"t use it at all in
this analysis.

WITNESS BRYAN: I did not.

MR. KEELING: You understand that the PTM
treats tracked particles as being neutrally buoyant; is
that correct?

WITNESS BRYAN: That®"s my understanding.

MR. KEELING: And you understand that
cyanobacteria are not neutrally buoyant; don®t you?

WITNESS BRYAN: Cyanobacteria can control
buoyancy up and down the water column.

MR. KEELING: They"re not neutral?
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WITNESS BRYAN: Sometimes they~“re neutral.
Depends on what they put into their gas vesicles.

MR. KEELING: Why did you not use the PTM in
this case?

WITNESS BRYAN: I did not use the particle
tracking model because .

What the Particle Tracking Model is looking at,
at least in how it"s been used for discussions of
residence time, and microcystis ecology is very complex
and one of the things I"ve already indicated in my
presentation is worth reiterating here, is that velocity
controls channel turbulence and mixing. And channel
turbulence and mixing controls where the microcystis can
outcompete other algae and when and perform a big bloom
at a location or whether the other algae outcompete
microcystis, and it just didn"t ever really form a large
problematic bloom.

So there"s a lot of factors that microcystis
needs to come together to form a bloom, one of which can
aid microcystis in a sense of accumulating -- It"s a slow
growing algae. And so one of the reasons it gets
outcompeted by other algae is because of the faster
growing.

So when a microcystis is performing a bloom
over time, particularly iIn a riverine system like the
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Sacramento River, it really can"t really win that gain of
competition with other algae before it gets flushed
downstream. The residence times are simply too short in
a riverine environment.

In addition, the riverine environment was
turbulent in mixing and has high turbidity. And so when
the cells get churned from the top to the bottom of the
channel, microcystis needs a lot of light as well. It
doesn"t grow as well in low light conditions as diatoms
and other forms of algae, and so those are the forms that
are competing.

The way microcystis tries to win that
competition, whether it"s in a river or a channel of the
Delta, it needs that calm water, that lack of churning
and mixing, because when the water is calm and stable, it
can control its buoyancy and it moves itself up to the
surface where i1t can reproduce at the surface in high
light environments. It can handle higher lighted
environments than many other algae.

It performs -- It gets up to the surface. It
grows. It produces colonies. These colonies flow up and
they form a mat at the surface, is what they“re trying to
do, which then shades out the other algae and that"s how
they win that competition.

That"s all disrupted when you have turbulence
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and mixing.

So if in a particular location cyanobacteria
are growing and they"re starting to form a bloom, the
longer residence time you have, the more those cells of
microcystis can accumulate and come up to the surface,
and you get more and more biomass over time versus
getting flushed out of the area, which is what would
happen in a short tidal residence time.

So what the Particle Tracking Model does is,
it -- essentially in a DSM-2 modeling, It puts in
particles at a location and it tracks them to see how
long it takes, how many days it takes, for them to get
flushed out of a Reach or channel or an area within the
Delta.

The reason | didn"t use the Particle Tracking
Model in my analysis, is, | think it"s -- it can be
misleading in terms of the results that you"re getting
from it when you"re trying to analyze whether microcystis
will form a bloom or not.

Because imagine two different scenarios. They
both have a residence time of, let"s just say, 10 days.

One scenario is a water body that is very
lake-like, like a slough, habitat or something. And the
particles in the model would move into that area and move
out in, like, a 10-day period. But the entire 10 days
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would be a very calm, stable water column environment and
microcystis could compete very well in that environment.

In our Delta, we have a large tidal flux, and
we have channels that flow both directions every day. So
you can still have a Particle Tracking Model come up with
a 10-day residence time.

But each and every one of those days, that
channel i1s moving back and forth. It"s sloshing on the
tidal cycle back and forth, back and forth. And so
you"re getting turbulence and mixing that®"s going to
cause microcystis to be at a hydrodynamic disadvantage in
its competition with other algae.

So, residence time as measured by a Particle
Tracking Model is not refined enough in my opinion to
make, you know, judgments about how microcystis would
react or not react based on a one- or two- or three-day
change in residence time model, Particle Tracking Model.
That"s why 1 didn"t use it.

MR. KEELING: What model did you use to
estimate temperature for your testimony?

WITNESS BRYAN: It was the model that was
performed for the Biological Assessment, and 1 believe
that®"s Reclamation®s temperature model.

MR. KEELING: 1Is that a predictive model? By
"predictive,” 1 mean a model that would actually estimate
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the actual temperatures in the river at a given location
during operations?

WITNESS BRYAN: Well, we had long discussions
of that iIn this hearing.

All models are attempting to, you know, provide
information in the right ballpark. But the way in which
we use the models, including the temperature models, are
in a comparative fashion.

So 1 was less focused on the absolute
temperatures in my analysis and more interested in how
the relative frequency and magnitude with which
temperatures would change in the relative magnitude by
which the California WaterFix would change temperatures,
not so much to try to predict absolute temperatures.

MR. KEELING: Let"s look at the graphic display
of the model run on Page 10 of DWR-8, Mr. Baker.

Do you have that in front of you?

(Document displayed on screen.)

MR. KEELING: Why is the source of this figure
on Page 10 of DWR-8 not identified?

WITNESS BRYAN: No particular reason.

MR. KEELING: Who prepared the chart at
Page 107?

WITNESS BRYAN: The actual figure?

MR. KEELING: Yes.
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WITNESS BRYAN: My staff.

MR. KEELING: Do you know who on your staff?

WITNESS BRYAN: Kyle Bloom.

MR. KEELING: Why didn"t you show the
temperature for 4A, H3 and H4 and the two boundary
conditions as well?

WITNESS BRYAN: Because those were not
available for this location.

This modeling comes from the Biological
Assessment, and it did not look at those other scenarios.
They just looked at the proposed action versus the
No-Action Alternative.

MR. KEELING: So how could one compare the
outcomes of those scenarios with respect to temperature?

WITNESS BRYAN: Again, 1 didn"t have access to
modeling for those scenarios at a location in relatively
close proximity upstream of the City of Sacramento"s
uptake, so I used what model was available to me.

MR. KEELING: 1Is that "1 don"t know?"

WITNESS BRYAN: No, it"s not an "I don"t know."

MR. KEELING: Are you telling me there is no
way to make that comparison?

MR. MIZELL: Objection: Badgering the witness.

CO-HEARING OFFICER DODUC: Mr. Keeling.

MR. KEELING: My question is: How would you
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make the comparison.

CO-HEARING OFFICER DODUC: How would you make
the comparison, Dr. Bryan?

WITNESS BRYAN: How would you make what
comparison?

MR. KEELING: The comparison for temperatures
for 4A, H3, H4 and the two boundary conditions.

WITNESS BRYAN: You"d have to do a model run
with the Reclamation®s temperature model for all those
conditions and then get output at that location.

MR. KEELING: But that was never done.

WITNESS BRYAN: Not to my knowledge.

MR. KEELING: This figure at Page 10 of DWR-8
describes model temperatures at Knights Landing; is that
correct?

WITNESS BRYAN: Yeah. Model temperatures at
Knights Landing in the Lower Sacramento River, that"s
correct.

MR. KEELING: The figure seems to me to show
the probability of exceedance at Knights Landing was
summarized here for all the Water Years combined; is that
correct?

WITNESS BRYAN: Yes, that"s correct.

MR. KEELING: Going back to the temperature
model being used.
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Has that temperature model ever been used in a
peer-reviewed scientific article to assess a potential
for HABs formation?

WITNESS BRYAN: I don"t know.

MR. KEELING: How is the average of 91 years of
model runs related to the formation of algal blooms?

WITNESS BRYAN: That"s not an average that"s
shown in these graphs.

MR. KEELING: Do these graphs show peak
temperatures?

WITNESS BRYAN: These -- Yes, this graphic does
show that, the highest temperature that would have been
output for any given month in the model.

MR. KEELING: This would be a good place to
break, going back to your earlier point.

CO-HEARING OFFICER DODUC: Let me clarify:

The highest -- The highest temperature that
month, not the highest average temperature in that month?
Not the average temperature of that month?

WITNESS BRYAN: (Nodding head.)

This Probability Exceedance Plot would include
all monthly output data for the 1922 through 2003 period
of record.

So the probability exceedance lines that you
see for each figure would take in all of those monthly
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averages for each month of each of the years.

CO-HEARING OFFICER DODUC: Monthly average.

WITNESS BRYAN: Well, this -- Let me correct:
This is just August, to remind ourselves. We"re just
looking at August. So it"s going to have 82 Augusts in
that dataset. You get one value for August for each year
out of -- out of the model.

CO-HEARING OFFICER DODUC: But is that an
average value for that August?

WITNESS BRYAN: Yes.

CO-HEARING OFFICER DODUC: Thank you.

MR. KEELING: Thank you.

CO-HEARING OFFICER DODUC: We will take a
15-minute break and we will return at 3:35.

(Recess taken at 3:20 p.m.)
(Proceedings resumed at 3:35 p.m.)

CO-HEARING OFFICER DODUC: It is 3:35, so
please take your seat. We will resume.

And, Mr. Keeling, I"ve been advised by counsel
to be very clear in case there are any confusion on the
record that we will respect your motion to strike a
portion of Mr. -- of Dr. Bryan"s testimony -- actually an
answer to your question which you characterized as --
What was it?

MS. HEINRICH: Monologue.
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CO-HEARING OFFICER DODUC: A monologue.

In response to that motion, my ruling is that
is overruled.

MR. KEELING: Thank you.

CO-HEARING OFFICER DODUC: With that -- Just so
you know, I"ve asked Miss Heinrich to keep track of the
vocal objections that are raised during the course of --
of this hearing on admissibility, and I"ve asked
Mr. Ochenduszko to keep track of any questions that
are -- particularly for the Petitioners®™ witnesses that
are being deferred to a later witness so that we make
sure that they are appropriately addressed.

MR. KEELING: That was my understanding. And
for that reason, 1°ve not thought it necessary to follow
up with a letter or writing to the Hearing Officers about
the two motions to strike | made on Tuesday.

CO-HEARING OFFICE DODUC: Thank you.

We appreciate the efficiency and the saving of
trees in terms of Tiling more paperwork with us.

MR. KEELING: (Nodding head.)

CO-HEARING OFFICER DODUC: All right. With
that, Mr. Keeling, we are back to you and your
cross-examination.

MR. KEELING: Going back to Exhibit DWR-8,

Dr. Bryan, Page 27.
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Mr. Baker, can you put us on Page 277
(Document displayed on screen.)

MR. KEELING: There we go. Thank you.

Do I understand correctly that these nine Delta
locations referred to are representative of the entire
Delta in your testimony?

WITNESS BRYAN: What 1 attempted to do is
select a reasonable number of locations that both
geographically covered the cross-section geographic area
of the Delta, some of the main stem channels, the
San Joaquin River and the Sacramento River, as well as
those interior Delta channels that have experienced
microcystis blooms in the past.

So, yes, collectively, | was attempting to make
the nine Delta locations reasonably representative for
the analysis.

MR. KEELING: Are there any of these locations
that are not either large river channels or sloughs
directly or hydrologically connected to the existing
export intakes?

WITNESS BRYAN: Could you repeat that question?

MR. KEELING: Let me put it differently:

Are any of these locations dead-end sloughs?

WITNESS BRYAN: 1 do not believe so.

MR. KEELING: So none of these in your
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assessment are dead-end sloughs.

Did you look at any dead-end sloughs?

WITNESS BRYAN: No.

MR. KEELING: Do you know how many dead-end
sloughs there are in the Delta?

WITNESS BRYAN: Many.

MR. KEELING: Sorry. Your answer?

WITNESS BRYAN: 1 would say many.

MR. KEELING: Thank you.

1*d like to bring you to Page 28.

Mr. Baker.

(Document displayed on screen.)

MR. KEELING: And I -- Please forgive me,

Dr. Bryan. | may have missed a moment of your direct
testimony about this exhibit, and if I"m going over it
again, 1 apologize.

What -- What is shown in the figure on Page 287

WITNESS BRYAN: 1It"s a figure of the Delta that
shows the locations -- nine different locations that 1
assessed flow velocity -- locations at which | assessed
flow velocity.

MR. KEELING: And is there a reason why the
source of this figure is not listed anywhere on the
exhibit?

WITNESS BRYAN: No particular reason, no.
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MR. KEELING: Who prepared Page 287

WITNESS BRYAN: My staff.

MR. KEELING: Who in particular?

WITNESS BRYAN: Dave Thomas.

MR. KEELING: Thank you.

Who decided on these specific locations?

WITNESS BRYAN: It was really a combination of
factors:

One, I —- I met with Modelers and said that 1
wanted to look at, again, the geographic coverage of the
Delta up to 10 different locations for my analysis to
evaluate flow velocity, and 1 wanted to choose locations
that I knew from past research, like Lehman studies, that
have microcystis blooms occurring in those locations
historically. And so we overlaid those areas that had
microcystis issues in the past with those locations for
which flow velocity were available for the models, and
that®"s how 1 came up with these locations.

MR. KEELING: Why did you not also examine any
of what you characterize as the many dead-end sloughs in
the Delta?

WITNESS BRYAN: Primarily because 1 don"t think
that the DSM-2 model necessarily can model velocities iIn
dead-end sloughs very well.

And, secondly, 1 don®"t know -- Well, I guess I
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can leave it at that. 1°m not so sure that, when we"re
trying to look at how the California WaterFix would
affect velocities in channels in the Delta, how it can
affect microcystis blooms.

IT you get into a dead-end slough, no matter
how you operate the system, that dead-end slough®s going
to have low velocities. By definition, it"s a dead-end
slough, so you"re not going to see much of a difference
in that slough between the No-Action Alternative and the
California WaterFix scenarios.

MR. KEELING: Do you have any reports or
studies to back up that conclusion?

WITNESS BRYAN: No. Just -- Just my years of
experience in working on aquatic systems.

MR. KEELING: Did you do any testing or
modeling yourself to reach that conclusion?

WITNESS BRYAN: I"m not sure | understand the
question.

MR. KEELING: You just -- You just told me that
you didn®"t think that the WaterFix, if it"s approved,
would make a difference with respect to velocities in
dead-end sloughs, and I"m asking if you did any modeling
or testing yourself on that.

WITNESS BRYAN: No.

MR. MIZELL: Objection: Asked and answered.
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CO-HEARING OFFICER DODUC: Now it"s been asked
and answered.

MR. KEELING: Taking a look at the velocity
modeling on Pages 29 through 34 of Exhibit DWR-8.

This is a series of velocity figures?

Perhaps you can go through them, Mr. Baker, so
that the witness can see what we"re talking about.

(Document displayed on screen.)

MR. KEELING: Thank you.

I have just two questions:

Is the velocity modeling that is shown on these
Pages 29 through 34 of DWR-8 to be used on a Project
operational basis?

MR. MIZELL: Objection: Vague.

MR. KEELING: Okay. Would these velocities
presented on these pages be the same velocities that you
would expect to see during Project operations?

WITNESS BRYAN: The modeling that 1 used was
conducted to define what we would see iIn terms of flows
and velocities under the different scenarios that are
indicated in the slide, so that"s what | had to work
with.

There"s always -- Obviously, a Project like
this has operational flexibility. Things can vary
somewhat from planning models.
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But as far as the analysis that 1 was able to
conduct at this point in time, this, in my opinion, is
the best indication of the velocities that would occur at
this location for each of those scenarios.

MR. KEELING: So these are not predictive?

WITNESS BRYAN: Well, again, models are always
trying to be as reasonably accurate as they can be.

We"ve had extensive discussions in this hearing
about predictive models and comparative models. My
analysis, it°s not . . . [It"s not important that these
models be pinpoint accurate. They"re in the -- Because,
after all, the development that DSM-2 has gone through
over the years, and its various calibrations and so
forth, we have the confidence to use the DSM-2 model for
these types of proceedings. So we think it gives us
reasonable estimates of flows and velocities and things
of that nature.

My -- I use the data out of DSM-2 in a
comparative mode. What my interest is here, as shown on
the right lower side of this graphic in particular, where
microcystis can gain a foothold and form the large blooms
that are problematic is when flows are low.

So a Probability Exceedance Plot like this
shows you that, when flows are low, the frequency with
which they"re low is the same across the Alternative
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Assessment. That"s what | was looking to determine.

MR. KEELING: The next few questions may betray
my @gnorance because I"m just a guy on the street and
you"re a scientist, so don"t think me foolish.

IT I understand your testimony correct --
correctly, long residence times are associated with lower
channel velocities; is that correct?

WITNESS BRYAN: Yes.

MR. KEELING: 1Is it fair to say that longer
residence times associated with lower channel velocities
are likelier to lead to HABs formation than shorter
residence times associated with higher channel
velocities?

MR. MIZELL: Objection: Incomplete
hypothetical; vague.

MR. KEELING: 1t is a hypothetical, but 1 think
it"s a clear hypothetical.

Did you understand the question?

CO-HEARING OFFICER DODUC: Hold on. 1I™m having
technical difficulty with my microphone.

CO-HEARING OFFICER MARCUS: It just turned
itself off.

CO-HEARING OFFICER DODUC: 1 turned it off.

When in doubt, just hit it; right?

MR. KEELING: 1711 repeat the question.
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CO-HEARING OFFICER DODUC: Mr. Keeling, yes,
please do repeat the question.

MR. KEELING: Yes.

Is it fair to say that longer residence times
associated with lower channel velocities are likelier
generally to lead to HABs formations than shorter
residence times associated with higher channel
velocities?

CO-HEARING OFFICER DODUC: Overruled,

Mr. Mizell. 1 understand the question, 1 believe.
Mr. Bryan does as well.

WITNESS BRYAN: Yeah, | understand the
question.

But as a hypothetical, one of the things that 1
attempted to explain earlier is that, you know, we as
human beings love to try to figure out what makes things
tick, what causes microcystis to do what it does.

And flow velocity™s very important; residence
time can be important. But it"s only two factors iIn the
mix.

And so your hypothetical scenario really
doesn”"t give me enough of the other information to be
able to answer the question, really.

So, in general, lower flows and longer
residence time are more conducive to microcystis in
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general. But what you have to be careful of, is, when
you look across a complex arena like our Delta and the
various channels, if you say, "l slow down velocity and
increase residence time at this location; therefore, 1
will get more microcystis blooms,"” it"s never that
simple.

So 1 would caution against that interpretation.

MR. KEELING: 1 wasn"t suggesting a single
causation. 1 was assuming a controlling for other causal
factors.

And if controlled for other factors, |
understand your answer to be yes.

WITNESS BRYAN: 1In general, as you slow the
water down, less turbulence, a water column becomes more
stable, that"s more conducive to microcystis, yes.

MR. KEELING: So controlling for those other
factors you just alluded to, low channel turbulence and
mixing is likelier to lead to HAB formation than not;
correct?

WITNESS BRYAN: Say that again?

MR. KEELING: Controlling for those other
factors you alluded to, lower channel turbulence and
mixing is likelier to encourage the formation of HABs.

WITNESS BRYAN: Again, it depends what channel
you"re talking about, and it depends how much you"re
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slowing velocities down.

IT the channel"s highly turbid, it"s already at
a high velocity, you can slow it down by 20, 30,

50 percent and have no effect on harmful algal blooms.

So there are a lot of other factors. We can
talk in generalities, and | think the answer 1 provided
speaks to the big-picture generality that, in general, as
you slow down channel velocity, reduce turbulence,
increase water calm disability, that plays to the
hydrodynamic advantage of microcystis.

But, again, 1 warn against oversimplifications
of saying if we slow down velocity, we"re automatically
going to get more microcystis. That just doesn®t
always -- isn"t always the case.

MR. KEELING: 1 understand that HABs formations
involves a synthesis -- dynamic synthesis of many
factors, Dr. Bryan, but I also understand your testimony
breaks it out into individual discussions, like
temperature, flow, turbidity. And so it makes it
difficult to talk about this without talking --

WITNESS BRYAN: Oh, absolutely.

MR. KEELING: -- as you did about these
individual compounds.

Do you agree with that?

WITNESS BRYAN: 1 agree.
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MR. KEELING: Would you agree that controlling
for these other components to which you®ve alluded, low
channel turbulence -- Well, strike that.

Isn"t it true that lower in-channel turbidity
is likely to lead to HABs formation than higher channel
turbidity, controlling for those other factors?

WITNESS BRYAN: Again, it depends what "lower"
and "higher™ means.

We —-- Yeah, 1711 just leave it at that.

It depends what turbidity levels you"re
starting from and going to.

MR. KEELING: Doesn"t the EIR/EIS explain that
the California WaterFix, if approved, will result in
longer residence times in the Delta?

WITNESS BRYAN: To the degree that it does, it
was probably referring to the Particle Tracking Model
that we were discussing earlier.

So, to the extent that the EIR talks about
information from the Particle Tracking Model from DSM-2,
that does indicate that there will be longer residence
times.

MR. KEELING: Did you review the Final EIR/EIS?

WITNESS BRYAN: Yes.

MR. KEELING: And another --

WITNESS PREECE: 1 have something to add that
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will help answer your questions about residence time.

In the Stockton deep water ship canal, which is
known for having short residence times, in 2012, there
was a big -- or longer residence times. Excuse me.

There -- In 2012, there was a very large
cyanobacteria bloom.

In 2009, when conditions were very similar, so
always very long residence times, there was no bloom.

And so that®"s an example of where all the other
factors appeared to be similar and residence time being
very slow did not create a bloom.

MR. KEELING: Thank you, Ms. Preece.

Isn"t it true that the deep water channel to
which you refer is an engineer channel and not part of
the Sacramento River?

WITNESS BRYAN: Yeah, it"s not part of the
Sacramento River. It"s part of the San Joaquin River.

MR. KEELING: 1Is it part of a river or is it an
engineer channel?

WITNESS BRYAN: It"s part of the river. It"s
jJjust been deepened.

MR. KEELING: Dr. Bryan, we"ve been talking
about HABs, harmful algal blooms.

How many cyanobacteria constitute a bloom?

WITNESS BRYAN: What do you mean by "“how many
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MR. KEELING: 1 mean, what quantity a -- IF
a -- If you meet a unit -- single unit of cyanobacteria
in the water, it"s not an algal bloom.

What"s the quantity we"re talking about before
you get to a bloom status?

WITNESS BRYAN: I guess 1"ve never heard it
discussed that way.

But if you"re talking about microcystis,
microcystis has very small cells. And so you can have
millions of cells in the water column and not have a

bloom that we would look at and say, "Oh, jeez, there"s a

problematic bloom.”™ But you can still have, you know, a
lot —- millions and millions of algae cells in the water
column.

So, when we talk about blooms or problematic
blooms, it"s just the accumulation of these -- these
small cells to a very, very high level where they become
visible, where they begin to form those mats on the
surface and so on and so forth.

MR. KEELING: And I believe you testified that
water column clarity is a key driver for the formation of
algal blooms?

WITNESS BRYAN: Yes. It can be, yes.

MR. KEELING: 1Is high water clarity considered
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a prerequisite for microcystis bloom formation?

WITNESS BRYAN: No, | wouldn®"t say it is.

MR. KEELING: If I told you that was a quote
directly from Lehman 2013, would that surprise you?

WITNESS BRYAN: No, it wouldn®"t surprise me.
But microcystis has a life history strategy, as | alluded
to earlier, where it -- It —- in order to compete with
other algae and get the light that"s available, it can
control its location in the water column so it can
migrate up to the surface.

So even in areas that have high turbidity and
operate clearly, 1T microcystis has all these other
factors in its favor that we"re talking about, including
hydrodynamics in a stable water column, it can get up to
the surface.

So you don"t have to necessarily have a clear
water column for microcystis to form a bloom and now
compete.

It may -- Yeah, 111 —- 1711 leave It at that.

MR. KEELING: But you did agree that water
column clarity is a key driver for the formation of algal
blooms.

WITNESS BRYAN: It can be. It"s not always a
prerequisite.

MR. KEELING: 1Isn"t it true that the proposed
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WaterFix Project, if approved and constructed, would
remove much of the sediment carried by the Sacramento
River, resulting in greater clarity below the points at
which that sediment is removed?

WITNESS BRYAN: 1 -- 1 do not agree with that
statement.

MR. KEELING: At this time, 1°d like to
distribute two short excerpts from the Final EIR/EIS, and
Mr. Baker has them on a flash drive thanks to
Miss Meserve®s foresight.

UNIDENTIFIED SPEAKER: Do you have it available
for the Hearing Officers?

MR. BAKER: 1 don"t have any other copies.

MR. KEELING: And while she"s doing that, 1
don"t know the procedure. 1°m happy to assign this a
number next in order and have my assistant upload it
tomorrow for -- if that"s the procedure you want.

CO-HEARING OFFICER DODUC: Yes, please. And
also added to your index of exhibits.

MR. OCHENDUSKO: Yes, please --

MR. KEELING: AIll right.

MR. OCHENDUSKO: -- the exhibit identification,
please.

MR. KEELING: All right. 1 have to write that
down because 1711 never remember.
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CO-HEARING OFFICER DODUC: Thank you for being
so helpful, Mr. Keeling.

And for wearing the best tie.

MR. KEELING: Thank you.

MR. MIZELL: Excuse me, Hearing Officer Doduc.

IT you would like, 1 believe Dr. Preece had
found a number for the number of cells in a HAB bloom if
that something that interests you. Otherwise --

CO-HEARING OFFICER DODUC: Actually, that does
interest me.

WITNESS PREECE: Okay. So, typically, a
plantonic -- which that"s the type of microcystis that we
are talking about here -- blooms are defined as 7-by-104
cells per liter and develop over a period of several
weeks, starting from a plantonic population of at least a
thousand cells per liter.

CO-HEARING OFFICER DODUC: And who decided
that?

WITNESS PREECE: This is based off of two
sources: Baxa and others, 2010, who writes on the Delta,
and then Davis and others, 2009.

CO-HEARING OFFICER DODUC: Thank you.

MR. KEELING: 1 can just imagine the individual
who had to count as they were adding up.

Dr. Bryan, you"ve been handed two excerpts from
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the Bay-Delta Conservation Plan/California WaterFix Final
EIR/EIS, which 1 believe is Exhibit SWRCB-103.

And I will -- We will have exhibits with these
excerpts later, but 1 think they"re all from that.

The Ffirst is UT7 for Alternative 4,

Pages 20-131 through 20-133.
(Document displayed on screen.)

MR. KEELING: Do you have that in front of you?

WITNESS BRYAN: 1 do.

MR. KEELING: The second is UT7 for
Alternative 4A, Pages 20-193 through 20-194.

Do you have that in front of you?

WITNESS BRYAN: Yes, 1 do.

MR. KEELING: Please direct your attention to
the section entitled "Solid Waste"™ on Page 20-132 of the
first excerpt.

WITNESS BRYAN: (Examining document.)

MR. KEELING: Mr. Baker, if you could make it a
little larger for folks in the back without losing part
of those areas?

(Enlarging document on screen.)

MR. KEELING: There we go. Thank you.

CO-HEARING OFFICER DODUC: And Mr. Herrick is
muting his phone right now.

MR. KEELING: 1 am -- Have you had a chance to
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review that?

Or go ahead. Let me know when you®"re finished.

WITNESS BRYAN: Which section would you like me
to read?

MR. KEELING: The section entitled "Solid
Waste" consists of three paragraphs.

WITNESS BRYAN: (Examining document.)

MR. BAKER: Mr. Keeling, would you like to
identify this Exhibit SJC and the next number?

MR. KEELING: If 1 knew the next number, |1
would. Maybe you could tell me, Mr. Baker.

MR. OCHENDUSKO: Well, we"Il let your -- We"ll
let your secretary identify that and put it in with the
EIl later today.

MR. KEELING: Very good.

WITNESS BRYAN: Okay.

MR. KEELING: Okay. Thank you.

You understand that this section deals iIn large
part with removal of sedimentation from the river.

You understand that?

WITNESS BRYAN: Yes.

MR. KEELING: And looking at the conclusion in
the -- actually, the second paragraph where it says
(reading):

"During periods of high sediment load in the
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Sacramento River, the daily mass of solids would be
expected to increase up to 253,000 dry pounds per
day. The annual volume of solids is anticipated to
be approximately 291,600 cubic feet (dry solids)."

Do you see that?

WITNESS BRYAN: Yes.

MR. KEELING: What would be the effect on water
clarity below the proposed North Delta intakes by
removing approximately 291,600 cubic feet dry solids
annually?

WITNESS BRYAN: In the Water Quality chapter
of -- of the EIR/EIS, we had to assess how the California
WaterFix would affect turbidity.

So if you have a flowing river and you have
these diversion intakes and it"s flowing at 10 NTUs --
those are the Nephelometric Turbidity Units -- and water
column is flowing at 10 NTUs, and you divert some of that
water, the water that passes the diversion is still
flowing at 10 NTUs, because you®ve taken a bunch of water
out, you"ve taken sediment with that water.

But the turbidity of the water that continues
to flow in the channel immediately downstream from those
intakes is 10 NTUs.

Now, it"s a lower volume of water, and so that
lower volume of water would generate less in-channel
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turbulence and scour of channel margins, et cetera. And
so it can have some effect on down -- downstream
turbidity.

But we did not feel that it would have such a
substantial effect, because you“"re still going to have
relatively high volumes of flow passing the diversions in
the channel downstream. It"s still going to have a large
settlement load; it"s still going to have sediment; it"s
still going to have resuspension of that sediment in a
tidal cycle.

So in the Water Quality chapter in the EIR/EIS,
we found that the California WaterFix would have a
less-than-significant adverse effect on turbidity.

MR. KEELING: Is that why you didn"t discuss
the removal of sediment -- suspended sedimentation in
your -- in your testimony about HABs?

WITNESS BRYAN: Yes. |1 don"t believe that the
California WaterFix is going to affect turbidity in the
Delta to a point that would have any effect on harmful
algal blooms.

MR. KEELING: And just to complete this, the --
the excerpt that we just looked at concerned
Alternative 4.

IT you take a look at the second excerpt, which
addresses impact UT7 for Alternative 4A.
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Do you have that in front of you.
(Document displayed on screen.)
MR. KEELING: And take a look at Page 20-193 at
the bottom where it reads -- Thank you, Mr. Baker.
(Reading):
"Potential effects associated with operation
and maintenance of water conveyance facilities would
be similar to those described under Alternative 4.
Therefore, 4A would not result in physical effects
associated with the provision of new .
physically altered -- new or physically altered
government facilities.”
And then continue on to Page 20-194 to the
third paragraph, Mr. Baker, which states (reading):
"Similar to Alternative 4, the operation of
maintenance activities associated with the proposed
water conveyance facilities would not be expected to
generate solid waste such that there would be an
increase in demand for solid waste management
providers in the plan area and surrounding
communities. Therefore, there would be no or
minimal effect on solid waste management
facilities.”
Do you understand that the overarching
consequence to be that, with respect to sediment removal,
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there®s no material difference between Alternative 4 and
4A?

WITNESS BRYAN: I*m not familiar with this
section of the EIR/EIS. I didn"t have anything to do
with preparing it so 1'm not really prepared to answer
questions about this.

MR. KEELING: Do you disagree with those
statements?

WITNESS BRYAN: I don"t have any opinion about
the statements. | didn"t work on this section of the
EIR.

MR. KEELING: 1In preparing your testimony, were
you aware of the estimated amount of sediment that would
be removed under Alternative 4A?

WITNESS BRYAN: | was aware that sediment would
be removed based on the diversions at the North Delta
Diversions, yes.

MR. KEELING: That is all 1 have. Thank you.

CO-HEARING OFFICER DODUC: Thank you,

Mr. Keeling.

MR. KEELING: Thank you, Miss Preece; thank
you, Dr. Bryan.

CO-HEARING OFFICER DODUC: Mr. Herrick, you"re
up next.

MR. HERRICK: Thank you, Madam chairs, Board
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Members, staff.

Mr. Keeling asked questions on all my topics so
I will be very brief, hit just a couple of follow-on
things | might ask.

CROSS-EXAMINATION BY

MR. HERRICK: Dr. Brown -- Bryan. Excuse me
while I figure out where the heck 1 am.

WITNESS BRYAN: (Laughing.)

MR. HERRICK: You touched on in some of your
answers this issue of the predictive as opposed to the
comparative issue with the models, and you stated that
you guys had -- you"d talk about that in preparation for
this; correct?

In one of your presentations, you -- you were
showing us how you thought the modeled changes in
velocities did not significantly result in velocities
above the .2.

Do you recall that?

WITNESS BRYAN: Is there a slide that you"d
like to pull up?

MR. HERRICK: Yeah. 1"m sorry.

IT we can .

Anyway, let me just say without looking at
that:

Are you asking the Board to rely on the numbers
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you"ve provided for changes in velocity or just the
differences between the two scenarios?

WITNESS BRYAN: I°m not sure 1 follow your
question.

MR. HERRICK: Well, if -- if you show that
velocity changes at a particular location are -- result
in numbers that are above .2, are you asking the Board to
make their decision based upon the actual numbers iIn the
future will be above .27

WITNESS BRYAN: Well, if you look at the
various locations that I analyzed -- And maybe we could
pull up the PowerPoint presentation, the DWR-8 errata,
the combined version that we went through today. 1 just
want to kind of get us on the same page.

Why don®"t you pull up Slide 31.

(Document displayed on screen.)

WITNESS BRYAN: [Is this helpful to the -- your
question?

MR. HERRICK: Yes. Yes, thank you.

So, in your direct testimony, | believe you
were referring to the fact that the changes in velocity
didn®"t typically result in any significant times when
those numbers resulted -- resulting numbers were above
2.

In other words, .2 is the threshold you were
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talking about is when impacts on microcystis growth
occurred.

WITNESS BRYAN: No, I wouldn®"t necessarily
characterize it that way.

The information that 1 spoke to in my
testimony, the slide that you"re referring to is an
earlier slide where | said that velocities above .2 feet
per second become increasingly more challenging
hydrodynamically for microcystis because the velocities,
as they increase above .2 feet per second, you get more
of the mixing and turbulence in the channel.

So that"s the point that 1 was making with the

MR. HERRICK: Yes. 1 was -- | wasn"t trying to
disagree with that. 1 was trying to restate it, which 1
did poorly, but .

What 1"m trying to get at is, should we use
your Slide 31 as a representation of how often it will be
above .2 or just the differences between different
scenarios?

Because that gets to the predictive versus
comparative issue, and 1 thought when you were
referencing the .2, you were making that predictive
conclusion.

WITNESS BRYAN: Like | said before, it"s an
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interesting discussion we"ve had in this hearing about
predictive and comparative. It"s an important point, but
when we use models, we want and expect them to be
reasonably at least in the ballpark of accurate to what
we"re talking about.

So if you look at this slide, the reason that
the flow of velocities go to zero is because you"ve got
tidal movement in this channel. It reverses directions.
So, Tor minutes at the slack tide, you"re going to be at
zero and it"s going to flow in the other direction. So
that®"s why you have a very low percent of time that you
have a zero flow here.

And the rest of the Probability Exceedance Plot
is the model"s best estimate and the frequency with which
you get other velocity in that channel.

So, the bulk of my analysis, | feel that DSM-2
does a reasonable job of indicating -- We know we have
slack tides out there. We know when a channel reverses,
it goes to zero for a short amount of time.

So if we have a figure like this that had
nothing below .2 feet per second, we would be suspect of
the model because we know we have slag tides.

So when we look at this, it is a reasonable
representation of the kinds of velocities that you get on
a 15-minute time-step absolutely regardless of direction
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in Old River at Rock Slough.

Once we have that --

CO-HEARING OFFICER DODUC: So you are using it
as a predictive tool?

WITNESS BRYAN: No. 1 was just getting to that
point.

CO-HEARING OFFICER DODUC: Get to it quicker,
please.

MR. HERRICK: Yes, please.

WITNESS BRYAN: Once -- Once we have a model
that we think is worthy of looking at its output, meaning
if the model was so -- had no ability to even predict a
value in the right ballpark, we wouldn®t use the model.

So these models can provide a reasonable
representation of the probability of exceeding any given
velocity that you see on this plot.

But where the real analysis comes in is, |
don"t care how -- quite how -- you know, how much the
model, whether it"s precisely accurate, whether the
frequency with which .4 feet per second is exactly, you
know, 70 percent or —- 1 don"t -- I don"t really care
about that precision so I"m not using it in a predictive
fashion that way. 1"m using it in a comparative fashion.

So what it"s telling me is that under the
No-Action Alternative, I1"m going to see everything from
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zero velocity at the slack tide all the way up to
1.2 feet per second.

And 1 can see on the Probability Exceedance
Plot how frequently I°m at or above any of those
velocities. Then 1 use the comparative mode approach
because 1 want to see if the California WaterFix is
causing those low-flow conditions where microcystis would
have an advantage to occur more frequently or less
frequently than under the No-Action Alternative.

So the bulk of the analysis is certainly in the
comparative mode.

MR. HERRICK: 1711 leave it at that.

CO-HEARING OFFICER DODUC: That was a fine
question, Mr. Herrick.

MR. HERRICK: It started out as a fine one.

Dr. Bryan, on Page 29 of DWR-8, which is the
original PowerPoint, you list a -- you identified those
locations for which your analysis on velocities were
made; correct?

WITNESS BRYAN: Yes.

MR. HERRICK: Now, does this analysis include
the temporary barrier program being in operation during
the -- whatever months it"s normally operating?

WITNESS BRYAN: You"d have to ask the Modelers
that question.
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MR. HERRICK: Okay. Are you familiar with
the -- the barrier program, in that it traps incoming
tides to a great degree to hold levels as best as
possible, and then does not let water flow back
downstream when the tide goes out?

WITNESS BRYAN: Again, I*m not -- 1"m not
familiar with that, so you"d have to ask the Modeling.

MR. HERRICK: 1°"m not trying to test you, but
given the program where there are barriers that trap
flows, did that go into your consideration as to changes
in velocities that might occur if you have -- I*m just
representing possibly -- sloshing back and forth behind
barriers and no net flow out of them one way or the
other?

WITNESS BRYAN: What I guess | can say is, the
degree to which barriers are in place or not in place
would be reflected in the model scenarios that I
compared.

So -- But you"d have to ask the Modelers what
was in and what was out of each of those scenarios.

MR. HERRICK: Okay. And lastly, this"Il be a
generalization, so please object if you don*t like it.

But you went through the various factors,
velocity, temperature, dissolved organic compounds,
residence time.
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And my reading of your -- your testimony, your
conclusions, is that each one of those you analyzed and
said, 1 don"t think it significantly affects the
frequency or magnitude of algal blooms.

But 1 wonder if you"ve done an analysis that
combines all those things. In other words, if we look at
the worst case under each one of those scenarios, would
level of impact would it have on HABs?

WITNESS BRYAN: Yeah. 1 think, you know,
overall, in an analysis like mine, because it was
rebuttal testimony and the folks that -- that 1 was
rebutting were making claims that temperature would cause
increase iIn cyanobacterial flow, cause reduced flow,
cause increase, we analyzed those individually, as we
often do. We did water quality analyses. We looked at
individual constituents at a time.

But based on the analyses that I"ve done, |1
don"t feel that temperature, when looked at in isolation,
that temperatures would change sufficiently in the Delta
to affect microcystis.

I don*t feel that the hydrodynamic profile on
velocities and the hydrodynamics that you get in the
channels, the turbulence and mixing, would change
substantially between the scenarios -- the WaterFix
scenarios and No-Action Alternative, to make a cause on
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microcystis.

So, while I went through that individually, 1
would also say that, when you combine that, when you
combine the effects of the California WaterFix,
temperature and velocity, 1 would still not expect to see
that to be -- to cause a substantial difference in
microcystis dynamics in the Delta.

I just don"t think it"s substantial enough even
when added together to cause notable differences in the
dynamics of microcystis in the Delta.

MR. HERRICK: 1 appreciate your conclusion.

I guess my question was more: The various
Protestants and parties are trying to analyze the
effects. And if you give us a string of, as you put it,
not significantly change the magnitude or frequency, and
then you add four or Ffive of those, you don"t think
there®s significance together, on what basis can other
people, then, determine whether or not your conclusion
might be correct? Or should we just rely on your
expertise?

And there"s -- there®s no quantification of all
these in what you labeled as not-significants together.

MR. MIZELL: 1°m going to object for the moment
here: The question is rather unfair.

Our rebuttal evidence is based upon the cases
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in chief of the other parties.

IT Mr. Herrick is asking why we didn®"t include
in our rebuttal a scenario that was never brought up in
the cases in chief of other parties, it would have been
objected to as improper rebuttal.

So based on this line of questioning, we could
certainly produce during surrebuttal, but it"s an unfair
question to ask why the witness has not prepared
something, because it"s beyond the other cases in chief.

CO-HEARING OFFICER DODUC: Mr. Herrick, he has

a point.
MR. HERRICK: Perhaps, but the issue --
CO-HEARING OFFICER DODUC: He does.
MR. HERRICK: The issue is, who has the burden
of proof?

So when the issue arises, and then the
Petitioners say, "Well, we"re just rebutting. We"re not
going to show you what we think the effects are,"” then
there®"s an argument they haven"t met their burden of
proof.

So the witness doesn”t have to answer that. |1
was just trying bring that issue to the forefront because
it is other people trying to make significant decisions
based on nobody having done a combined analysis.

CO-HEARING OFFICER DODUC: Thank you,
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Mr. Herrick.

MR. HERRICK: Thank you.

CO-HEARING OFFICER DODUC: And 1 look forward
to reading that in your closing brief.

MR. HERRICK: Thank you. That"s all.

CO-HEARING OFFICER DODUC: Okay. That would
next -- | believe our final cross-examiner today will be
Miss Meserve. And then tomorrow we®ll have Miss Taber
and Miss Des Jardins, which means that we will get to
your remaining Panel 2 tomorrow, Mr. Mizell.

And since | see Miss Nikkel also still here,
let me go ahead and address the -- the notice that North
Delta Water Agency served on the Department to request
that Dr. Nader-Tehrani appear as a witness for North
Delta, and to request that he bring specified documents
or other evidence to the hearing.

We will be issuing a written ruling forthcoming
that will have further detail on this, but for now, I
want you to be aware that -- Oh, let me also acknowledge
that DWR submitted a Motion for Protective Order seeking
to vacate North Delta"s notice. And, like I said, we"ll
be issuing a written ruling on this.

But for tomorrow®s purposes, Dr. Nader-Tehrani
will not be required to appear separately on behalf of
North Delta, provided that he appears as a rebuttal
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witness for DWR as proposed and is subject to
cross-examination on the modeling identified in North
Delta®s notice.

In addition, Dr. Nader-Tehrani will not be
required to bring to the hearing any documents or other
evidence that DWR has already provided to North Delta or
made publicly available.

Mr. Nader-Tehrani should bring to the hearing
any documents or other evidence described in North
Delta®s notice that have not been provided already.

And while 1 don"t think it was specifically
clear, let me add, Ms. Nikkel, that while Mr. -- while
Dr. Nader-Tehrani will not be required to appear
separately as your witness, you will be allowed in the
conduct of your cross-examination to explore some of the
topics you identified.

MS. NIKKEL: Thank you. That"s very helpful to
know in advance. Appreciate the notice.

A couple of questions fTor clarification, one
maybe for Mr. Mizell:

And the Tirst one is, our Notice was not
specific to Dr. Nader-Tehrani. |IFf Dr. Nader-Tehrani is
the appropriate witnhess to direct these questions to,
we"re happy to do that while he"s appearing in his panel,
but we just want to confirm that he"s the right person to
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ask.

CO-HEARING OFFICER DODUC: He will be the
person who will be appearing and you may ask him your
questions.

MS. NIKKEL: And if he says no, we"ll have to,
I think, raise the issue again perhaps.

CO-HEARING OFFICER DODUC: We"ll address that
ifT we come to that.

MS. NIKKEL: And then my second question for
clarification is whether documents made publicly
available, that means made publicly available anywhere
and not necessarily submitted into the record; correct?

CO-HEARING OFFICER DODUC: As long as you have
access to it.

MS. NIKKEL: Okay. Thank you.

CO-HEARING OFFICER DODUC: Okay. Any
questions, Mr. Mizell?

MR. MIZELL: Not about the ruling, no.

As for tomorrow and the appearance of
witnesses, I*m going to offer a proposal that we have
Miss Sergent appear tomorrow.

I know that a number of folks and 1 have talked
about this over the break, and I don"t believe has raised
any objection so far.

But she has a rather discrete portion of
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testimony and it might be nice to have that presented on
its own at this point so that the Modelers and the
Operators can appear beginning on the 4th, and that®s as
a whole.

CO-HEARING OFFICER DODUC: So you are changing
again on me, because | believe your initial projection
was that Miss Sergent, Mr. Leahigh, Dr. Nader-Tehrani,
Mr. Munévar and three other witnesses will be appearing
together as a panel, and now you are suggesting that
Miss Sergent appear tomorrow by herself.

MR. MIZELL: That is correct.

You"ve run this rebuttal hearing very
efficiently and 1 am attempting to make sure that my
witnesses can be available when you want them.

Miss Sergent has a discrete piece of testimony
and, therefore, she can appear on her own without too
much disruption to the rest, whereas the Operators and
the Modelers really are overlapping.

And as you indicated before, we want to avoid
the he said/she said sort of back and forth between
asking questions of one and being referred to the other.

CO-HEARING OFFICER DODUC: Assuming -- and I™m
not hearing any objection -- Ah, maybe.

Are you as annoyed as | am that there are these
last-minute changes, Miss Spaletta?
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MS. SPALETTA: It doesn™t annoy me. 1 actually
like Mr. Mizell"s proposal to have fixed dates, to be
frank, so that this would not be an issue. | didn"t like
necessarily the dates he proposed, but I did like the
idea of fixed dates for that reason.

I actually have a mandatory court appearance
tomorrow, and so | was going to ask to go out of order to
cross-examine that panel at the end, whenever the next
day of hearing would be.

CO-HEARING OFFICER DODUC: But now it"s not a
panel.

MS. SPALETTA: But now it"s not a panel, and so
it puts me at a bit of a disadvantage because I will not
be here to examine Miss Sergent.

CO-HEARING OFFICER DODUC: And did you wish to
cross-examine Miss Sergeant?

MS. SPALETTA: I did. 1t may be that, by the
time it gets to me, the questions are done, in which case
I will, you know, try to watch the video Iif It"s
available over the weekend and I could notify someone
that I don®t need to examine her anymore. 1°m happy to
do that.

But that does cause a problem for me if she
goes by herself tomorrow.

CO-HEARING OFFICER DODUC: Because Mr. Mizell
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is springing forth this last change on us, and because
you were kind enough to be here today to allow us some
pre-warning of your unavailability, I will make sure
that, in the event Miss Sergent needs to come back

on . . . Thursday?

When are we meeting next? Thursday?

MR. OCHENDUSKO: Yes.

CO-HEARING OFFICER DODUC: Thursday. In the
event that she needs to come back for you to conduct your
cross-examination, she will be required to do so.

MS. SPALETTA: | appreciate that, and 1 will
try my very best to make sure that I let Mr. Mizell know
if | don"t need to examine her, so as to not make it
necessary.

CO-HEARING OFFICER DODUC: Let us know, as

well.

MS. SPALETTA: I will. Thank you.

CO-HEARING OFFICER DODUC: Thank you.

MS. HEINRICH: One other housekeeping item, if
1 may.

I*m not sure that -- Well, we don"t know how
long cross-examination of Miss Sergent will take, and it
looks like we probably will finish with Land"s
cross-examination of this panel today, which only,
according to my notes, leave us with about an hour and a

California Reporting, LLC - (510) 224-4476
www . CaliforniaReporting.com

245





10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

246

half worth of cross-examination of this panel plus any
redirect or recross. So I"m not sure that we can Fill
the day tomorrow solely with Miss Sergent”s
cross-examination.

CO-HEARING OFFICER DODUC: Thank you,

Miss Heinrich, for pointing that out.

MR. MIZELL: |IFf it"s the Board"s pleasure, |
can also produce additional witnesses, but I would
indicate that once we bring forth the Operators or the
Modelers in separate panels, then Mr. Ochenduszko never
well might have a busier job.

CO-HEARING OFFICER DODUC: 1 seem to recall
when we reconvened last -- When did we last . . . On
Tuesday. Was i1t Tuesday?

MS. HEINRICH: Yes.

CO-HEARING OFFICER DODUC: All the days come
together.

I believe it was Mr. Bezerra that raised this
issue in pointing out that Mr. -- that Dr. Nader-Tehrani
appeared on the unavailability list that you provided,
Mr. Mizell. And I recall you saying at that time, in
response to Mr. Bezerra®s question, that you would make
your witness available when they are called.

MR. MIZELL: That is true. That is why this
is -- this is a proposal, not a -- not an edict. 1I™m
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asking that we make this accommodation.

It was -- It was Mr. Munévar who does not have
availability this week, but I can attempt to get him back
in state and make him appear tomorrow.

CO-HEARING OFFICER DODUC: If we need to get to
that panel, or the remainder of Panel 2, then please make
sure that your available witnesses are here. And as we
have allowed you flexibility, and other parties
flexibility, in the past to have witnesses appear out of
sequence as long as they are still within the time of
your presentation of rebuttal, we will allow you that
flexibility.

But 1 expect that, if we Finish with
Miss Sergent tomorrow, that you will have your witnesses
available to continue with your presentation of rebuttal.

MR. MIZELL: Very good. Thank you.

MR. HERRICK: John Herrick, South Delta.

I just want to clarify whether it"s going to be
one part of that panel that follows Miss Sergent or all
of them are going to be here just for the preparation for
any potential cross if we get to it?

IT -—- If —— IT Miss Sergent is done sometime
tomorrow, are we putting on one or more of the panel or
is the whole panel going to try to present?

Because we supported his idea --
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CO-HEARING OFFICER DODUC: His remaining
panel -- The remainder of his Panel 2 consists of one,
two, three, four, five, six people.

Is that correct, Mr. Mizell?

MR. MIZELL: That is correct.

MS. MORRIS: Stefanie Morris, State Water
Contractors.

Could -- Would it be possible to get an
estimate of who plans, and the timing of cross-examining
Miss Sergent, since Mr. Munévar, as Mr. Mizell says, is
out of the state, and so he®s --

CO-HEARING OFFICER DODUC: This is the
Petitioners® --

MS. MORRIS: 1°d like to --

CO-HEARING OFFICER DODUC: This is the
Petitioners® Petition to the State Water Board.

It is the Petitioners”™ responsibility to have
their witnesses available In state knowing the dates in
advance in order to ensure all parties fair and equal
access in the participation of this hearing, so I am not
at all sympathetic.

MS. MORRIS: But -- But I"m not trying to ask
for your sympathy. 1°m just trying to understand for
everybody in the hearing room, for purposes of
cross-examination and coordinating the schedules, if it
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looks like that panel will go on tomorrow or if
Miss Sergent is going to have a long cross-examination.

I"m not asking for sympathy. I"m just trying
to understand and make it fair --

CO-HEARING OFFICER DODUC: Keep in mind --

MS. MORRIS: -- to all the participants who
have to prepare for cross-examination.

CO-HEARING OFFICER DODUC: Keep in mind,
however, that not all parties are present here today.

Not all parties are required to be present here today.
They may show up tomorrow now that they know Miss Sergent
will be up for her rebuttal testimony and
cross-examination.

So, yes, | could ask for an estimate of time --
and thank you again, Mr. Mizell, for dumping this on us
at the last minute -- but it will -- may not truly
reflect the level of cross-examination Miss Sergent might
be subject to.

MS. MORRIS: Thank you.

CO-HEARING OFFICER DODUC: On that note, who
present here today plans on cross-examination of
Miss Sergent, and for how long?

MS. NIKKEL: Meredith Nikkel on behalf of North
Delta Water Agency.

We have probably 30 minutes of
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cross-examination for Miss Sergent.

CO-HEARING OFFICER DODUC: Thank you,
Miss Nikkel.

MR. HERRICK: John Herrick, South Delta
parties.

Mr. Dean Riess will be conducting, and I
believe maybe up to a half hour.

MR. COOPER: Dustin Cooper on behalf of

Group 7.

I would anticipate about 30 minutes.

MS. TABER: Kelly Taber on behalf of City of
Stockton.

Just a couple of questions, very short. A few
minutes.

MS. SPALETTA: Jennifer Spaletta, and it will
be not tomorrow but it will be about 30 minutes.

CO-HEARING OFFICER DODUC: Okay.

MS. DES JARDINS: Dierdre Des Jardins.

And if I have to estimate today, it would be
about half an hour, but I was going to look at her
testimony more tonight. Thank you.

MR. WASIEWSKI: Tim Wasiewski for the
San Joaquin Tributaries Authority.

Maybe 15 minutes.

CO-HEARING OFFICER DODUC: So we obviously will
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be through with Miss Sergent, with the exception of
calling her back on Monday for Miss Spaletta if
necessary, if necessary. Not Monday. 1°m sorry.
Thursday.

We should be done with Miss Sergent by no later
than mid-afternoon.

Are we done? Are there other surprises,

Mr. Mizell?

MR. MIZELL: No, ma®am.

CO-HEARING OFFICER DODUC: All right.

Miss Meserve, thank you for your patience, for
what 1 intended to be a short announcement.

MS. MESERVE: You never know around here. All
right.

Good afternoon, Dr. Bryan, Owen, Preece.

Let"s see. So the areas | was going to cover
was a little bit about the preparation of the testimony,
went into that; injury versus effects in terms of what
we"re here for in the hearing; the preparation of the
Final EIR versus the Draft EIR in terms of residence time
and -- and the limits of modeling.

And 1 think Mr. Mizell won®t mind if I go long,
1 think, but I should try to keep it to half hour. Okay.

CROSS-EXAMINATION BY
MS. MESERVE: So most of my questions are for
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Mr. Bryan.

So First is: You were the lead preparer of the
Water Quality chapter of the EIR for this Project; is
that correct?

WITNESS BRYAN: Yes, 1 served as the principal
in charge and a number of my staff worked with me on that
chapter.

MS. MESERVE: And you®re very familiar with the
EIR process, | assume?

WITNESS BRYAN: Yes.

MS. MESERVE: Can you just state your general
understanding of why we prepare EIRs. What"s the
purpose?

WITNESS BRYAN: Well, first and foremost, maybe
to comply with CEQA.

But EIRs, EISs are prepared to analyze the
effects of Projects on the environment so that
decision-makers can make decisions with full knowledge of
the environmental effects that may occur upon those
Projects being implemented.

MS. MESERVE: And what about with respect to
mitigation? What"s the -- What"s the requirement?

MR. MIZELL: Objection: This goes beyond the
scope of his rebuttal testimony.

MS. MESERVE: The reason I"m asking about this
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is because this is a hearing about whether there®s iInjury
to legal users of water.

His testimony actually doesn"t speak to that.
It speaks to something that sounds a little bit more like
an effect in significance, and I"m just trying to
understand his testimony in the context of this
proceeding.

MR. BERLINER: Again, this is rebuttal
testimony to points that were raised by others and nobody
raised this point.

CO-HEARING OFFICER DODUC: That is correct,
Miss Meserve. Can you reframe the question?

MS. MESERVE: 1 shall try.

MR. BERLINER: Frankly, it sounds like legal
argument.

CO-HEARING OFFICER DODUC: Try it,

Miss Meserve, and I°11 --

MS. MESERVE: Well, I believe that the
testimony which Is -- that this was prepared to rebut
actually spoke in terms of injury to legal uses and users
of water in the Delta.

And this rebuttal from the Petitioners doesn"t
really speak to that. So I"m trying to understand what
the expert is -- what he thought he was demonstrating.

So I think if you let me -- give me a tiny bit
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it won"t take long, and 1 think It is obvious.

CO-HEARING OFFICER DODUC: All right.
MS. MESERVE: Thanks.

So do you -- Dr. Bryan; correct?
WITNESS BRYAN: (Nodding head.)

MS. MESERVE: Yes.

Do you know generally what the purpose of

Part 1 of the proceeding is in which you are an expert

witness; correct? What is the purpose?

MR. BERLINER: Objection: Relevance.

MS. MESERVE: He is here to opine on the

ultimate question we are here for; right?

MR. BERLINER: No. He"s here --

CO-HEARING OFFICER DODUC: Hold on --

MR. BERLINER: He is here to rebut testimony.

CO-HEARING OFFICER DODUC: -- Mr. Berliner.

What is your question, Miss Meserve?

MS. MESERVE: What is his understanding of what
the purpose of Part 1 of this proceeding is.
CO-HEARING OFFICER DODUC: No. Let"s -- Let"s

be more focused on that question, please.

MS. MESERVE: Let me work on that.

Is it your understanding that Petitioners have

the burden to show there is no injury in this proceeding?

MR. BERLINER: Objection: Relevance.
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CO-HEARING OFFICER DODUC: Sustained.

Miss Meserve, focus on his rebuttal.

MS. MESERVE: Okay.

Did you consider the issue of injury in
preparing your testimony?

MR. BERLINER: Objection: Relevance.

MS. MESERVE: When you use the term "effect" in
your testimony, what do you mean?

WITNESS BRYAN: When 1 use the term “effect.”

When we"re analyzing the effects of Projects,
so in this case the California WaterFix being
implemented, 1"m making comparisons between the
California WaterFix and the No-Action Alternative, there
can be any number of environmental effects.

An effect can be a change in temperature. An
effect can be a change in flow or flow velocity. These
are all environmental effects of the action being
implemented.

Then, what 1 -- what we do in Impact
assessments, to use that term, is, we Ffirst do an
assessment to understand the frequency and magnitude of
the effect. And then we, in turn, look at whether that
frequency and magnitude of the effect would cause an
adverse impact.

We"ve been talking a lot about microcystis, so
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does the change in frequency and magnitude of velocities,
or does the change in frequency and magnitude of
temperature rise to the level that they would change
microcystis dynamics in the Delta such that it would
maybe cause more frequent blooms and be an adverse
effect.

So that"s the nature of the assessment.

MS. MESERVE: And so were you looking at
whether there was any effect at all, or whether it was a
substantial, or what kind of effect?

WITNESS BRYAN: Well, again, if you -- if you
look at the approach that 1°ve taken in my analyses,
wherever possible, they"re based on quantitative modeling
output.

And so the modeling, as you“"ve seen in the
presentation, it shows quantitatively those effects. It
shows the change in frequency in currents of velocities.
It shows the change in frequency and occurrence of
temperatures. So It does show those effects.

I then interpreted what those effects mean to
microcystis, or what a change in bromide might mean to
formation of disinfection byproducts at a water treatment
plant.

So assessments always start with understanding
the environmental change and they go from that to what
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would be the adverse effect from that environmental
change --

MS. MESERVE: And --

WITNESS BRYAN: -- or if there would be an
adverse effect.

MS. MESERVE: Right.

So when you opine that there would not be a
very big difference between the different modeled
outputs, are you saying there is no effect?

WITNESS BRYAN: How are you using the term
“"effect” in this question?

MS. MESERVE: Well, I"m trying to get at the
relevance of -- of the opinions you“ve stated here in
response to the Protestants, because it speaks to me in
terms of an EIR consultant talking about environmental
impacts, and so that"s why I"m trying to put it in
context for our proceeding here.

So 1 think it"s very relevant and I think we"ve
been pushy about this concept and we should not be.

Anyway, back to questions. Am I allowed to ask
any more questions about how he analyzed it or not,
because 1 want to ask --

CO-HEARING OFFICER DODUC: What is your
question?

MS. MESERVE: Well, okay. So for instance, the
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ultimate question with the HABs here in the EIR was
whether there was a potential significant environmental
effect; correct?

WITNESS BRYAN: If —- If you want to phrase it
in CEQA lingo, it would -- the question would be, 1is
there a significant adverse effect, yes.

MS. MESERVE: And the EIR found that there was
not after mitigation; correct?

WITNESS BRYAN: For which?

MS. MESERVE: For Water Quality Impact 32, HABs
Formation.

WITNESS BRYAN: I don®t think it reduced
mitigation. 1 think there would not be significant
adverse effect.

MS. MESERVE: So, in your experience here as an
expert today, are you opining that that means there is no
injury?

MR. BERLINER: 1I"m going to object as vague on

the use of the word "injury,” as to whether we"re using
it in the legal context before the Board or in some other
fashion.

CO-HEARING OFFICER DODUC: Miss Meserve.

MS. MESERVE: Well, I think it"s very relevant,
and 1 think I want to know what his definition of
"injury' is, so --

California Reporting, LLC - (510) 224-4476
www . CaliforniaReporting.com





10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

259

CO-HEARING OFFICER DODUC: He"s a scientist. |
don"t know that he has a definition of "injury."

MS. MESERVE: |In preparing for this testimony,
were you advised as to what injury is in this context?

CO-HEARING OFFICER DODUC: Did .

Dr. Bryan, did you use the term "injury" in
your rebuttal testimony?

WITNESS BRYAN: No, 1 did not.

MS. MESERVE: In your preparation, did you
discuss that in terms of being prepared to enter this
proceeding in .

WITNESS BRYAN: Well, 1 guess | could give you
my 2 cents on this topic since we"re in as deep as we are
here.

I feel that my responsibility as a scientist is
to do an environmental analysis and bring factual
information forward to share with this Board.

First, as | said, it"s kind of a two-step
process.

What would be the environmental changes due to
implementing the California WaterFix relative to what
those environmental conditions would be under the
No-Action Alternative?

Then 1 analyzed those changes, those
differences, to see if adverse things would happen.
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In the case of microcystis, would
implementation of the California WaterFix cause an
increased frequency and magnitude of cyanobacteria blooms
either upstream in the Delta or in the Delta?

My testimony said, no, that would not happen.

Yes, there are environmental changes due to
implementing the California WaterFix. We can see them in
the modeling output. 1 analyzed them. But, no, they
would not rise to the level that would cause significant
adverse changes in the frequency or the magnitude of
cyanobacteria.

I feel it"s my responsibility as a scientist to
stop there. You now have -- The Board has that
information. And I"ve always felt it"s more of a legal
determination that this Board will make based on my --
for lack of a better term -- impact assessments, whether
you think what 1 have found constitutes injury to a legal
user of water or not. 1 think that"s your determination.

CO-HEARING OFFICER DODUC: Thank you.

MS. MESERVE: Let"s see. Looking at your CV,
DWR-33, there isn"t any mention of experience with HABs.

Do you have direct experience yourself studying
HABs in the Delta?

WITNESS BRYAN: Not until this Project.

MS. MESERVE: And that would be beginning when?
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WITNESS BRYAN: Oh, a number of years ago, |
guess.

MS. MESERVE: And -- Well, your CV says 2008.
However, there was no discussion of HABs, for instance,
in the case in chief or in the Draft EIR, so when did you
begin looking at HABs with this Project?

WITNESS BRYAN: Like I said, a couple -- couple
years ago.

MS. MESERVE: 1t would be three years ago,
maybe?

WITNESS BRYAN: Well, 1 don"t know if it"s two
or three. It was as a party, preparing the Environmental
Impact Report, EIR/EIS.

MS. MESERVE: Do you consider yourself to be an
expert on HABs as a result of this couple of years of
experience?

WITNESS BRYAN: Yes.

MS. MESERVE: And according to the testimony
presented by -- also a doctor. 1"m sorry. Preece?

WITNESS PREECE: Yes.

MS. MESERVE: She contributed significantly to
the testimony and reports you"re presenting today.

Can you tell me why Ms. Preece doesn"t present
any substantive testimony, even though Dr. Preece appears
to have more substantive expertise?
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WITNESS BRYAN: My -- 1 have had a lot of
involvement in this Project, and | have the expertise
that was required to do the rebuttal assessments.

Dr. Preece assisted me in these rebuttal
assessments because of her expertise on algae in
particular.

MS. MESERVE: With respect to the reports,
DWR-651 and 653, did you prepare those?

WITNESS BRYAN: Yes, | did.

MS. MESERVE: Did Dr. Preece assist in
preparing those?

WITNESS BRYAN: Yes.

MS. MESERVE: 1Is there any plan for a peer
review of those documents, 653 and 6517

WITNESS BRYAN: Do 1 personally have any plans
for that?

MS. MESERVE: Or was -- Yes.

WITNESS BRYAN: Not at this time.

MS. MESERVE: Did anyone review and comment on
those reports prior to them being submitted here, outside
of your office?

WITNESS BRYAN: DWR Legal.

MS. MESERVE: Who at DWR Legal?

WITNESS BRYAN: Mr. Mizell.

MR. MIZELL: (Raising hand.)
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MS. MESERVE: Let"s see.

Let"s see. So on the Final EIR, your firm
prepared the Water Quality chapter of both the draft and
the Final EIR; correct?

WITNESS BRYAN: That"s correct.

MS. MESERVE: Or you were the lead consultant,
I guess.

For the -- Let"s see. For the analysis of the
new diversions under the Tunnels Project, did you make
any substantive changes to the discussion of HABs in the
Final EIR?

WITNESS BRYAN: We added some additional detail
to the tunnel.

MS. MESERVE: Did you change the discussion of
the significance of residence time as a factor in the
formation of HABs?

WITNESS BRYAN: Can you clarify your question?

MS. MESERVE: The Draft EIR discusses residence
time as one of the important factors.

I*m wondering, in the revisions, which were not
provided in red line but I prepared myself, 1 noticed
some changes, and 1"m wondering if you can explain what
you did differently in the Final EIR with respect to
residence time.

WITNESS BRYAN: I"m not sure | understand the
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question still.

MS. MESERVE: Your testimony states that
increased residence time alone does not equate to
microcystis bloom frequency or magnitude. It"s uncertain
how cyanoHABs would react.

This is DWR -- Page 16 to 17 of 81. Sorry.

And that is reflected in the Final EIR as new
text. So there®s a -- Would it be fair to say that
the -- the weight of residence time as a factor was
lightened in the Final EIR?

MR. MIZELL: 1"m going to object to this line
of questioning.

The relative changes between versions of the
EIR/EIS was not presented as part of Dr. Bryan"s rebuttal
analysis.

IT Miss Meserve would prefer to focus on the
details of his testimony, I"m happy to let that proceed.

CO-HEARING OFFICER DODUC: Miss Meserve, how is
the question that you just asked linked to the rebuttal
testimony that Dr. Bryan presented?

MS. MESERVE: Because the -- the report --
653"s discussion of residence time is exactly the same as
the Final EIR, and that"s entirely new text from the
draft.

So I"m just, you know, wondering what changed

California Reporting, LLC - (510) 224-4476
www . CaliforniaReporting.com

264





10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

in terms of science between the draft EIR -- sorry -- the
revised draft and the final with respect to residence
time.

CO-HEARING OFFICER DODUC: Can you ask him
instead whether the discussion of residence time in his
rebuttal testimony was new information developed?

MS. MESERVE: That"s a good question. Yes.

(Laughter.)

CO-HEARING OFFICER DODUC: Try that,
Miss Meserve.

MS. MESERVE: Okay.-

Is the discussion of residence time in the
Final EIR based on new information or new science that
was developed subsequently to the revised draft?

WITNESS BRYAN: No, I wouldn®"t say it"s new
science. | -- 1 think, as | already indicated, when the
Draft EIR came out, there was no discussion of
microcystis at all.

So by the time we got to the Final EIR, knowing
that there was more interest in the topic, we increased
the detail of our analysis for microcystis in the Final
EIR to provide more information in the EIR/EIS. And so
that®"s when that additional information pertaining to
residence time that you“"re speaking to came in. It"s
just —- It"s just more detailed discussion is what 1
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would characterize it as.

MS. MESERVE: However, isn"t Opinion --
sorry -- 6 of DWR-81 that increased residence time alone
does not equate with microcystis frequency, et cetera,
and that is reflected in the Final EIR?

But you would agree that it is a factor. It"s
one of the four main factors that you list in the Final
EIR; correct?

WITNESS BRYAN: Well, yeah. And, again,
residence time, if you think about residence time and
what it really does for microcystis, residence time is
not in and of itself necessarily a primary -- what 1
would call a primary driver.

The primary drivers are: You need to have the
right water temperature; you need to have a calm, stable
water column.

You can"t have all the turbulence and mixing
we"ve been talking about because microcystis can"t do
well under those conditions and compete with other algae.

So you have to have all these other what we
call abiotic environmental factors, such as turbulence
and mixing, temperature.

In biotic factors, the competition with other
algae all have to come together for microcystis to form a
bloom.
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That®"s why Dr. Preece added -- interjected
earlier about the study has been done by Spear, et al.,
in the deep water ship channel. It always has long
residence times in the summer.

In 2012, it produced a large bloom.

In 2009, which had extremely similar
environmental conditions, it did not produce a large
broom.

So, what residence time really does is, while
microcystis can form a large bloom, because if anything
else happens and it"s blooming. Those cells are either
going to get washed downstream, flushed away from that
region, or they"re going to accumulate in that region.

So when you have long residence times, they
begin to accumulate, the population keeps growing and
growing and accumulates a larger and larger bloom at that
location.

So you see the difference between being a
primary driver versus almost an accommodating factor. It
can allow microcystis bloom to last longer or become
larger, but it"s not necessarily a primary driver to
initiate a microcystis bloom.

MS. MESERVE: Okay. So .

However, in the -- 1"m trying to find what
exhibit number it is. Sorry.
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In the Final EIR, however, it lists four
factors, and it doesn"t say which ones are primary versus
secondary: Warm temperatures, nutrient availability,
water column irradiancies, clarity and flows and long
residence times.

Does that sound familiar?

WITNESS BRYAN: Yeah.

MS. MESERVE: Okay. That"s on Page 8-196, and
I will -—-

WITNESS BRYAN: And all of those are primary
factors. And the last one you listed, it may be listed
as flow and residence time, but really the primary factor
associated with flow is what we"ve been talking about
today, is velocity and turbulence and whether you have a
calm, stable water column that microcystis likes or a
turbulent well-mixed water column it doesn"t like.

That"s a primary factor right along with
temperature and the other factors that you listed.

Residence time itself, when you focus on it as
an isolated factor, 1 would not call a primary factor. |1
would call that a -- almost, for lack of a better term,
an accommodating factor that can allow cells to
accumulate in a given area versus being flushed away
short of the residence time.

MS. MESERVE: Okay. And your DWR-81 -- Maybe
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we can look at it to make it a little easier. At Page --

CO-HEARING OFFICER DODUC: Miss Meserve, let me
also interrupt here. We have a hard stop at 5 o"clock.

MS. MESERVE: Okay.

CO-HEARING OFFICER DODUC: And I do need at
least a few minutes to try to clarify with Mr. Mizell who
all will be appearing tomorrow.

So if you have just a few minutes or you want
to stop now. It"s not going to be --

MS. MESERVE: 1711 just stop now and then 1711
try to be better organized.

Thank you.

CO-HEARING OFFICER DODUC: Very good. Thank
you, Miss Meserve.

All right. Mr. Mizell, let"s all take a deep
breath.

And Miss Sergent will appear tomorrow by
herself.

IT Miss Spaletta informs us that she still
needs to cross-examine Miss Sergent, Miss Sergent will be
required to return next Thursday for that.

MR. MIZELL: Absolutely.

CO-HEARING OFFICER DODUC: Assuming we get done
with Miss Sergent®"s testimony and cross-examination, who
do you propose to call up next?
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MR. MIZELL: 1I"m currently in touch with all of
my witnesses on the remainder of Panel 2 as you
requested. And I am attempting to book flights for
Mr. Munévar. John Leahigh is in an Oroville emergency
briefing for most of the morning.

But it appears, based on the remainder of time
we have on this panel and the estimated times for
Miss Sergeant, that we will not get to the remainder of
Panel 2 until after lunch. That will be compatible with
that other briefing. So, as long as we don"t get to the
remaining panel before 1 p.m., we should have John
Leahigh as well.

In that -- In that case, we would have the
remaining Panel 2 witnesses, assuming that there are no
flight delays.

CO-HEARING OFFICER DODUC: All right. So for
Mr. Herrick"s purpose, because he was the one who asked
the question of preparing to conduct cross-examination --

I"m sorry. Ask your question again.

(Microphone feedback.)

CO-HEARING OFFICER DODUC: Kyle.

MS. MESERVE: (Slapping microphone.)

CO-HEARING OFFICER DODUC: Ooh.

CO-HEARING OFFICER MARCUS: I don"t think this
should be a practice for people to adopt.
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MS. MESERVE: 1 don"t understand that, no
offense.

Does that mean all the rest of that panel is
coming in tomorrow or portions of that panel?

MR. MIZELL: It was my understanding that the
Hearing Officers preferred to have all of the panel ready
to go tomorrow and that®"s what I"m attempting to do.

MS. MESERVE: Thank you.

CO-HEARING OFFICER DODUC: All right. 1t is
5:57. 1t"s been a long day.

Thank you all. We will see you at 9:30.

(Proceedings adjourned at 5:56 p.m.)
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State of California )
)

County of Sacramento )

I, Candace L. Yount, Certified Shorthand Reporter
for the State of California, County of Sacramento, do
hereby certify:

That 1 was present at the time of the above
proceedings;

That I took down in machine shorthand notes all
proceedings had and testimony given;

That 1 thereafter transcribed said shorthand notes
with the aid of a computer;

That the above and foregoing is a full, true, and
correct transcription of said shorthand notes, and a
full, true and correct transcript of all proceedings had
and testimony taken;

That I am not a party to the action or related to a
party or counsel;

That I have no financial or other interest in the

outcome of the action.

Dated: May 2, 2017
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[, Michael Brett, do hereby declare:
I INTRODUCTION
| have been a Professor in the Department of Civil and Environmental Engineering at
the University of Washington since 1997. | received my doctorate from the Institute of
Limnology at Uppsala University (Sweden) in 1990. | received my masters of science in
Zoology from the University of Maine in 1985. | received my undergraduate bachelor’s degree

in Fisheries from Humboldt State University in 1983.

My research and teaching focuses on applied and biological Limnology, in particular the
response of Lakes, Rivers and Estuaries to excessive nutrient inputs, especially eutrophication
and regulation of phytoplankton biomass and secondary production in lakes. | also study the
bioavailability of nitrogen and phosphorus in the effluents of advanced nutrient removal
wastewater treatment plants. Much of my published research deals with planktonic dynamics
of aquatic food webs. | have also directed several modeling projects that attempt to
mechanistically represent the biological responses of lakes and reservoirs to eutrophication.

Il SUMMARY OF TESTIMONY
This testimony provides a sur-rebuttal to rebuttal testimony presented by Petitioner

DWR in the above captioned hearing. (See DWR-81, DWR-653 and associated references.)

Testifying on behalf of the San Joaquin County Protestants, Local Agencies of the North
Delta, et al., and South Delta Water Agency/Central Delta Water Agency, Erik Ringelberg
(“Ringelberg”) and other experts described the likely CWF-driven increases in the frequency
and magnitude of Harmful Algal Blooms (“HABs”) formation and Microcystis-related problems
in the Delta. (SJC- 4 and SJC-68, SDWA-76 errata and SDWA-74, SDWA-257and associated
exhibits referenced therein.) Ringelberg opined that the CWF would establish the equivalent of
drought conditions, with their associated lower flows, by removing significant amounts of
Sacramento River water from the Delta during seasonal periods critical for HABs formation.
(SJC-4, p. 4:5-11.) The lower flows, and resulting longer water residence times, as well as
likely localized increases in water temperatures, will all promote HABs formation, according to
Ringelberg. He also observed that flow reduction directly affects water velocity, which scours
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sediments as well as maintains particles in suspension. Ringelberg explained that as a result
of the CWF the nutrient concentrations will likely increase, thereby amplifying the conditions in
which blue-green algae (cyanoabacteria) thrive. (SJC-4, pp. 12-13.)

DWR provided rebuttal to Ringelberg with testimony from Dr. Michael Bryan (“Bryan”).
He opined that the CWF would not alter channel velocities at various Delta locations to a
degree that would make hydrodynamic conditions substantially more conducive to HABs than
projected conditions under the No Action Alternative. (DWR-81, pp. 15:17 - 16:17.)
Responding, in part, to testimony by Ringelberg concerning the deleterious effects of the
increased residence time expected to result from the CWF, Bryan stated that increased
residence time, in itself, does not necessarily lead to increased HABs formation and that the
relationship between HABs formation (Microcystis in particular) and CWF-driven increases in
residence time is uncertain. (DWR-81, pp. 16:18 -17:21.) Bryan testified that his qualitative
review indicated that turbidity changes likely to result from the CWF would be “minor” and that
they would not substantially affect HABs formation in the Delta. (DWR-81, pp. 18:18 —19:14.)
He similarly diminished the effects of CWF-driven temperature increases by opining that they
would also be too minor, as modeled for the Delta locations he examined, to substantially
worsen HABs formation. (DWR-81, pp. 17:26 — 18:12.) With respect to anticipated CWF-
driven increases in nutrient concentrations, Bryan again opined that such increases would be
relatively small and “would not be expected to increase the frequency, magnitude, or duration
of cyanoHAB in the Delta, relative to that which would occur for the [No Action Alternative].”
(DWR-81, pp. 19:16 — 20:10.)

Many of the main points made in DWR-81, DWR-651 and DWR-653 are consistent with
evidence in the limnological literature and for the Delta ecosystem. In particular, Harmful Algal
Blooms (HABs) dominated by cyanobacteria are typically associated with high phosphorus
concentrations, high water temperatures, water column irradiance >50 pymoles/m2/s, and low
salinity <10 ppt. Cyanobacteria blooms are also strongly associated with low flows, low
turbulence and long water residence times (Visser et al. 2016). Also, at this time the
limnological community’s ability to predict when a particular taxa of cyanobacteria (e.g.,
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Microcystis, Aphanizomenon, Anabaena, Oscillatoria, and Cylindrospermopsis) will bloom (or
decline for that matter) is quite limited. What is known is that certain taxa tend to have
annually recurring blooms within specific water bodies, e.g., Microcystis aeruginosa in the
Delta, Anabaena circinalis in Clear Lake (California), Aphanizomenon flos-aquae in Upper
Klamath Lake (Oregon), and Nodularia spumigena in Pyramid Lake (Nevada). That
Microcystis aeruginosa forms HABs in the Delta, especially during low flow drought years, was
also noted by Bryan. (DWR-653; see also Lehman et al. 2017 (DWR-720).)

However, as explained below, the emphasis of DWR-653 on the importance of flow
velocity over water residence times for the development of cyanobacteria blooms is not
consistent with evidence or the published literature. Specifically, both low turbulent mixing and
long water residence times tend to favor cyanobacteria compared to non-buoyant eukaryotic
phytoplankton (e.g., diatoms, chlorophytes, etc.) but for different reasons. Low turbulence
allows cyanobacteria to utilize buoyancy regulation to optimize light and nutrient availability,
while other non-buoyant algae tend to sink. Long water residence times favor cyanobacteria
because they grow much more slowly than other phytoplankton and they are therefore more
susceptible to hydraulic washout and advective depletion of their populations. This is

consistent with much of the literature cited in DWR-653.
Il. SUR-REBUTTAL TO OPINIONS 5-9 IN DWR-81 AND DWR-653
Rebuttal Opinion #5 - Flow Velocity (DWR-81, pp. 15-16, DWR-653, pp. 10-30.)

Petitioner DWR contended that channel velocities at several mid-channel Delta
locations would not be altered enough by the CWF to be more conducive to
Microcystis blooms relative to the no action scenario.

Sur-Rebuttal

There is insufficient basis for the Petitioner DWR to conclude that mid-channel
Delta locations would not be altered enough by the CWF to be more conducive to
Microcystis blooms relative to the no action scenario.

Comparative velocity modeling for the proposed diversions aggregated velocities

throughout the channel and did not provide velocities in the areas most likely to have
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cyanobacteria blooms (Hearing Transcript, April 27, 2017, pp. 192-194 [explaining how DSM2
averages velocity across the channel].) In addition, only nine locations were selected for
analysis, and were claimed to be representative of the entire Delta. (DWR-81, p. 27; see also
Hearing Transcript, April 27, 2017, p. 208.)

The lack of model-predicted change in mid-channel flow velocities, which was the basis
for contending that no change in HABs would occur with the CWF, is not considered pertinent
to the effects of reduced flows on water turbulence and water residence times (WRT) in the
vegetated shoreline areas and backwater sloughs where HABs have been observed.
Cyanobacteria blooms already occur in some Delta areas where flows will decrease and water
residence times will increase in side channels, sloughs and backwater areas with CWF
conditions, as indicated by Ringelberg (SJC-04) and predicted for the southern Delta by Burke
(SDWA-76 errata, SDWA-257). Cyanobacteria blooms have also been documented in the
southern and central Delta by Berg & Sutula, 2015 (DWR-558, pp. 35-36) where DWR
predicts that CWF will increase residence time (e.g., SWRCB-104, Table 6.6-17 [model
showed median water residence time at Mildred Island increased 238% in July]). Extensive
cyanobacteria blooms have also been documented in the shoreline areas and backwater
sloughs of Discovery Bay by the Contra Costa County Health Department (SJC-217 [Discovery
Bay Sample Locations (2016), available at: http://cchealth.org/eh/pdf/algae-map-discovery-
bay.pdf) where the 2016 BA also discloses increased residence times (e.g., SWRCB-104,
Table 6.6-20 [model showed median water residence time at Discovery Bay sub-region
increased 57% in July]). Nutrient concentrations and physical conditions are currently
favorable, especially during recent low inflow years, for promoting summer blooms of
Microcystis, and other cyanobacteria such as Aphanizomenon in the Delta. Thus, if water
residence times are increased due to the CWF, as expected, especially in side channels,
backwater sloughs and the central and south Delta, then that would mean more time for
cyanobacteria HABs growth and biomass accumulation.

As illustrated in the exchange below, Petitioner’s expert Bryan did not attempt to explore
how the proposed new diversions would change velocities in the dead end sloughs throughout
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the Delta:

MR. KEELING: Why did you not also examine any of what you characterize as
the many dead-end sloughs in the Delta?

WITNESS BRYAN: Primarily because | don't think that the DSM-2 model
necessarily can model velocities in dead-end sloughs very well. And, secondly, |
don't know -- Well, | guess | can leave it at that. I'm not so sure that, when we're
trying to look at how the California WaterFix would affect velocities in channels in
the Delta, how it can affect microcystis blooms. If you get into a dead-end
slough, no matter how you operate the system, that dead-end slough's going to
have low velocities. By definition, it's a dead-end slough, so you're not going to
see much of a difference in that slough between the No-Action Alternative and
the California WaterFix scenarios.

MR. KEELING: Do you have any reports or studies to back up that conclusion?
WITNESS BRYAN: No. Just -- Just my years of experience in working on
aquatic systems.

MR. KEELING: Did you do any testing or modeling yourself to reach that
conclusion?

WITNESS BRYAN: I'm not sure | understand the question.

MR. KEELING: You just -- You just told me that you didn't think that the
WaterFix, if it's approved, would make a difference with respect to velocities in
dead-end sloughs, and I'm asking if you did any modeling or testing yourself on
that.

WITNESS BRYAN: No.

(Hearing Transcript, April 27, 2017, pp. 210-211.)

Bryan also relied on critical flow velocity estimates based on results from the Darling

River in Australia, where increased flow rate was observed to discourage blooms of Anabaena,
a filamentous cyanobacteria (Mitrovic et al., 2011 (DWR-730)). However, the Darling River has

several weirs along its length for water diversion and these weirs provide a longer WRT which
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facilitates biomass accumulation. The authors considered prevention of water column
stratification, was one reason flow management was effective at controlling Anabaena
circinalis blooms. However, these authors also indicated that dilution and translocation of cells
was important. Thus, continual wash-out of cells at higher flow velocities, due to short WRTSs,
was also important for bloom disruption/prevention. In any case, the morphology of the Darling
River (with its weirs, which pool water) is not an appropriate reference system for the Delta,
where flow velocities are determined by tidal processes.

Bryan (DWR-653) unreasonably focused most of his analysis on the effects of flow
velocity. Flow velocity is a surrogate for water column turbulence, and it is the high turbulence
that actually interferes with cyanobacteria bloom development — not high velocity (although in
non-laminar flows high turbulence and high velocity tend to go hand in hand). Because the
Delta is tidally influenced, much of the flow velocity patterns for that system are driven by tidal
exchange and are therefore less sensitive to total flow than water residence time would be.
Assuming the volume of the water contained within the Delta is determined by mean channel
depth and surface area at mean sea level (i.e., Volume=mean depth*surface space area),
there is a direct mathematical relationship between flows in the Delta and water residence time
(i.e., WRT = volume/flow). Thus Bryan (DWR-653) chose to focus his analyses on the
parameter that is actually least likely to be influenced by flow diversions in the Delta due to the
California WaterFix (CWF).

Bryan (DWR-653) also took a quite broad perspective on the published literature on the
influence of flow velocity on cyanobacteria blooms, and a very narrow perspective to the
published literature on the influence of water residence time on cyanobacteria blooms.
Specifically, Bryan (DWR-653) reviewed papers that examined flow velocity influences on
cyanobacteria broadly speaking worldwide. Conversely, Bryan (DWR-653) restricted his
analysis of water residence time influences to Microcystis aeruginosa within the Delta. This
asymmetrical analysis of the literature creates the impression of “stacking-the-deck” in favor of

emphasizing the importance of flow velocity for regulating cyanobacteria bloom development.
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In addition, | believe Bryan misrepresented some of the literature on the flow velocity
topic, especially whether the literature actually supports their claim that “a number of studies
report critical velocity rates that disrupt Microcystis blooms to be in the 0.1 to 1.3 ft/s range.”
(DWR-653, p. 5.) To support his flow velocity perspective Bryan (DWR-653) cited publications
by Mitrovic et al. 2003, Mitrovic et al. 2011, Zhang et al. 2007, Zhang et al. 2015, Li et al. 2013,
and Long et al. 2011. None of the studies cited by Bryan in DWR-653, however, addressed
tidally influenced systems like the Delta.

It should also be noted that the papers by Mitrovic et al. 2003 and 2011 did not focus on
Microcystis, as both of these papers primarily dealt with Anabaena circinalis. (SJC-207, DWR-
730.) Even more importantly, Mitrovic et al. 2011 attributed the control of the cyanobacteria
blooms in the river they studied to “dilution and translocation of cells.” (DWR-730.) As Mitrivic
et al. 2011 further noted “Cyanobacteria are generally advantaged under scenarios of reduced
discharge and flow velocity due to increased retention time and decreased washout of cells
(Oliver and Ganf, 2000).” (DWR-730, p. 230.)

The two papers by Li et al. 2013 and Zhang et al. 2015 did allude to Microcystis being
less prevalent at high flow velocities. (DWR-724, DWR-757.) However, the phytoplankton
species composition results showing high flow velocities were associated with lower
proportions of cyanobacteria were in both studies based on experiments carried out in very
small unreplicated flumes that had dimensions of 1.5 m length, 0.4 m width and 1.5 m height
for a total volume of 0.9 m3. | do not believe that the results of experiments carried out in
flumes with extremely small volumes can be used to infer processes in a very large tidally
advected and complex system like the Delta.

Similarly, Li et al. 2013 cautioned against their results being over-extrapolated by stating
“‘the present study indicates that a universal critical flow velocity might not exist, because each
freshwater water body has its unique physical, chemical and ecological features like water
body size, morphology, nature of water flow, sediment condition, nutrient level, water
temperature, light intensity and species composition, which may all affect the critical velocity
value.” Similar to the studies by Li et al. 2013 and Zhang et al. 2015, the paper by Zhang et al.
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2007 reported field data responses for Chl a, and laboratory experiment responses for Chl a
and phytoplankton species composition. The laboratory experiments that Zhang et al. 2007
carried out were done in even smaller containers (i.e., diameter = 0.6 m, height = 0.55 m, and
volume 0.33 m?3) than the experiments by Li et al. 2013 and Zhang et al. 2015. Finally, the
study by Long et al. 2011 did not look at the relationship between flow velocity and
cyanobacteria bloom development. The model Long et al. 2011 developed only predicted Chl g
concentrations in response to water velocity; this study made no attempt to predict
phytoplankton species composition shifts in response to flow velocity.

Petitioner is correct that the limnological literature indicates high turbulent mixing
is unfavorable for cyanobacteria bloom development. (DWR-653.) However, Bryan
misrepresents the published literature to support a claim that river flow velocity can be
used as a master variable to predict the severity of cyanobacteria blooms. The cited
studies either indicated cell washout due to shorter WRTs was the mechanism for
controlling cyanobacteria bloom development (Mitrovic et al.), or alternatively, these
studies were conducted at such a small experimental scale (i.e., < 1 m3) as to be
entirely irrelevant to the management of water quality in the Delta (e.g., Zhang, Li et al.).
Moreover, the study by Long et al. did not address cyanobacteria bloom development.
/11
/11
/11

1 The paper by Zhang et al. 2007 was written in Chinese with an English abstract. |
asked Professor Chen Zhang (Ph.D., Associate Professor, Department of Hydraulic
Engineering, School of Civil Engineering, Tianjin University, CHINA) to translate the main
ponts of this paper for me. Professor Chen Zhang is not related to any of the authors on the
Zhang et al. 2007 paper. Professor Chen Zhang is visiting my university for one year as a
guest professor and he and | are doing a collaborative study on the utility of mechanistic water
quality models to accurately represent the biogeochemical responses of reservoirs to modified
hydrologic and climatic regimes. | asked Professor Chen Zhang to provide a brief summary of
the main points of the Zhang et al. paper, as well as comment on aspects of the experimental
design. Professor Chen Zhang told me that the experimental system used in the Zhang et al.
2007 paper had dimensions of 0.6 m diameter and 0.55 m height. He also told me that this
paper reported field observations from Lake Taihu on chlorophyll concentrations, and
laboratory experimental observations of phytoplankton species composition and chlorophyll
biomass. The laboratory experiments focused on Microcystis aeruginosa.
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Rebuttal Opinion #6 - Water Residence Time

Petitioner contends that "increased residence time alone does not equate with
increased Microcystis bloom frequency or magnitude.”

Sur-Rebuttal

Increased water residence time, which Petitioners admit would occur if the
proposed diversions are built and operated, would likely lead to an increase in
the frequency and magnitude of cyanobacteria HABs formation.

DWR-653 states “Hydraulic residence times may increase in parts of the southern and
central Delta for the CWF, relative to the NAA. Increased residence time provides the
opportunity for cyanobacteria to accumulate in areas. However, other factors such as daily in-
channel absolute velocities, turbulence, and mixing; competition with other algal species; and
grazing losses to zooplankton, fish, and clams exert their own effects on cyanobacteria
accumulation, and thus a given magnitude increase in residence time will not always equate to
a given magnitude increase in bloom size, or an increase in bloom size at all. Because of the
many factors involved beyond residence time alone, relationships between bloom size and
residence time are expected to be highly variable both spatially and temporally in the Delta.
Additional Microcystis research would be needed before definitive determinations regarding
how modeled changes in residence time caused by the CWF would affect the magnitude of
Microcystis blooms in the Delta can be made.”

The conclusion in DWR-653 appears to be an attempt to create an unrealistic Straw
Man argument. Specifically, the statement that “a given magnitude increase in residence time
will not always equate to a given magnitude increase in bloom size, or an increase in bloom
size at all’ is overly simplistic. The case-in-chief Protestant testimony (SJC-4) did not claim that
increased WRT will always lead to a directionally proportional increase in Microcystis biomass.

Consistent with the opinions expressed in SJC-4, the literature indicates a longer WRT
will lead to a greater likelihood and magnitude of Microcystis blooms in the Delta because it is
already evident that these blooms are a feature of the Delta ecosystem when their main growth

requirements are met (e.g., high phosphorus and nitrogen concentrations, high temperature,
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adequate light, and low salinity, etc.). However, there is no evidence in the limnological
literature that a change in any single bloom predictor will lead to directly larger HABs.

Despite this, there is a substantial literature showing that long WRTs are associated
with larger Microcystis aeruginosa blooms. For example, in a paper titled “Water residence
time and the dynamics of toxic cyanobacteria”, Romo et al. 2013 (DWR-742) showed that
Microcystis aeruginosa abundance and the Microcyctin LR concentration in the seston was
weakly correlated (r? = 0.20) with water flushing (i.e., the inverse of WRT). This weak
correlation shows that there is a tendency for biomass and cyanotoxins to increase with longer
WRTs, but not that the relationship is directly proportionate. Verspagen et al. 2006 (SJC-211)
developed a mechanistic model to predict the usefulness of lake flushing to control Microcystis
blooms. The model described in Verspagen et al. 2006 (SJC-211) predicted that on account of
the slow growth of Microcystis, blooms could be suppressed in Lake Volkerak (The
Netherlands) when water residence times were less than 37 days. Finally, Lehman et al. 2017
(DWR-720) concluded that a severe drought in 2014 lead to higher water temperatures and
longer water residence times, which caused the largest Microcystis biomasses and highest
microcystin concentrations recorded for the Delta. As previously noted, Mitrovic et al. (2003,
2011) (SJC-207, DWR-730) recommended riverine flushing as a means to control Anabaena
blooms in the Lower Darling River, Australia.

In fact, Bryan (DWR-653) also concluded that "Because Microcystis has a relatively
slow growth rate long residence times are required for cells to accumulate and form significant
blooms (Reynolds 1997 as cited in Lehman et al. 2008, Lehman et al. 2013, 2015). Wind and
tides can also enhance the aggregation of Microcystis cells in slow moving waters (Baxa et al.
2010). Since flushing rates determine residence time, lower channel velocities increase
residence time and decrease cyanobacteria loss rates (Romo et al. 2013). Several studies
have found longer residence times are positively related to cyanobacteria abundance (Elliott
2010, Romo et al. 2013, Lehman et al. 2017). For example, in the extreme drought year of

2014, Lehman et al. (2017) found long residence times were one factor affecting the

10

Sur-Rebuttal Testimony of Michael T. Brett, Ph.D.
Concerning Harmful Algal Blooms Resulting from the California WaterFix






o © 00 N o o A WD =

N DD DD N DD DN DD DD A a4 a4 a4 a4 a4 a4 A a
oo N o o0 A W DN =2 O © 00O N o oA L0uUDNDN =

SJC-200

magnitude of Microcystis blooms within the Delta.” This is consistent with the paper cited
elsewhere by Bryan, Factors Affecting Growth of Cyanobacteria, With a Special Emphasis on
the Sacramento-San Joaquin Delta, Berg & Sutula, 2013, which recognizes that with respect to
the Delta, “the direct effect of increased residence time is to decrease the loss rate of
cyanobacteria ... . Studies that report on the effect of residence time suggest that
cyanobacterial abundance, cell size, and toxin concentration are positively related to increased
residence time.” (DWR-558, p. 33.)

| believe the studies that Bryan and | both reference clearly show a functional
relationship between water residence time and cyanobacteria bloom development. These
studies also indicate that Microcystis blooms in the Delta are more likely to occur when WRTs
are longer.

Paradoxically, after noting the importance of WRT for cyanobacteria bloom
development, Bryan states that: "Increased residence time alone does not equate with
increased Microcystis bloom frequency or magnitude.” (DWR-81, p. 16.) As noted previously,

this is a Straw Man argument since nobody would (or has) claimed that increased WRT always

equates with proportionally increased bloom magnitude. For example, Lake Tahoe and Lake
Superior have WRTs of 700 and 185 years, respectively, and nobody would predict
cyanobacteria HABs in these lakes (which are oligotrophic) solely because they have long
WRTs. Instead, the limnological literature indicates that in systems that already have
cyanobacteria HABs (because of high nutrients, high temperature, and favorable light
conditions), increased WRT will in many cases increase the severity of blooms. Furthermore,
Water Quality Chapter of the Final EIS/R, which Bryan prepared, states "Because there is no
published analysis of the relationship between Microcystis occurrence and residence time,
there is uncertainty on how increased residence times may affect Microcystis occurrences (ICF

International 2016)." (Chapter 8: Water Quality, FEIR/S, p. 8-980, SJC-216.) This claim

2 DWR-653 also followed this statement up with this caveat: "Other studies demonstrate
that long residence time alone does not cause cyanobacteria blooms to form, even when other

environmental conditions are suitable for a bloom."
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ignores the substantial number of "published analys[e]s" pertaining to WRT and cyanobacteria
and Microcystis bloom severity.

The likely effect of increased WRT was acknowledged to occur with CWF in parts of the
Delta in the Final EIR/EIS (pp. 8-120, 8-979, 980, 981 (SJC-216)), but the effect was
considered to be uncertain because there is no published relationship between Microcystis
occurrence and WRT for the Delta. That assertion is incorrect. The Romo et al. 2003 study
specifically looked at the relationship between WRT and Microcystis bloom formation, and
showed that Microcystis blooms were more likely to occur when WRT was longer.
Furthermore, there are many cases when all other conditions are present for not only
cyanobacteria, but other plankton algae as well, to form blooms, except that WRT is
insufficient. A few days increase in WRT can be very important. Consider a stormwater
retention basin with high nutrient concentrations in summer, but with only 2 days WRT. That
time is too short for phytoplankton biomass to accumulate, or nutrient concentrations to reach
growth-limiting levels, even if the growth rate is 100%/day because the washout rate is
50%/day. However, if WRT were increased to 10 days, a massive bloom could develop.

In my experience with the limnological literature, changes in WRT of several days alone
can be effective in promoting or discouraging HABs. For instance, Oscillatoria, a well known
cyanobacteria that is a common bloom former in eutrophic waters, was greatly affected by
WRT in a hypereutrophic, brackish bay (Persson, 1981, SJC-209). Biomass decreased by half
when WRT was reduced from 21 days to = 11 days, and by two-thirds when WRT was
reduced to 5 days. Thus, WRT alone can affect cyanobacteria biomass in systems with short
WRTs. In a reservoir example, 45% longer WRT during drought years resulted in a dramatic
increase in the biomass of Microcystis (Romo et al., 2013, DWR-713).

Bryan admitted (DWR-453, Section 4.3) that WRT may increase in the central and
southern Delta areas, but claimed that other factors, such as velocity, turbulence, mixing, and

grazing losses by zooplankton, fish and clams, would obscure any effect of increased
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residence times.® Of course, there are other factors involved. For example, wind can strongly
affect turbulence and discourage bloom formation, but wind would be a normal condition after
CWF as before. However, he contended that mid-channel velocities would not change (see
opinion #5), so that the same pattern of water column stability would also persist after the
CWEF. That may be true for the mid-channel, but as indicated in rebuttal to #5, mid-channel
flow velocities have little relevance to the vegetated side channels and backwater sloughs
where WRT is expected to increase and cyanobacteria blooms are already known to occur
(Lehman et al. 2017, DWR-720).

The Paulsen (2017) report (STKN-26) provided a range of estimates for how much the
WRT of the Delta would change with the CWF. | reviewed the outputs reported in Appendix F
of STKN-26to calculate the average WRT change for several scenarios (i.e., EBC2 vs. B1,
EBC2 vs. B2, EBC2, vs. Alt4A) during the summer months of July-September when
cyanobacteria blooms are most likely to occur. | also considered the four Water Year Types,
critical, dry, normal and wet. For these conditions, the results reported by Paulsen (STKN-26)
indicated that on average WRT in the Delta would increase by 28 + 11% (+ 1 Std. Dev.) with
the CWF under the Boundary 1 operational scenario. For these conditions, this would be
equivalent to changing the average WRT for the Delta from 25.6 + 5.2 days for the Existing
Biological Conditions 2 (EBC2) model run versus 32.4 + 4.7 days for the B1, B2 and Alt4A
model runs. This equates to an overall increased WRT for the Delta of 6.9 + 2.2 days, which is
very substantial with regard to cyanobacteria bloom development according to the WRT
literature | reviewed.

Not only would WRT increase—as much as 50% in some areas of the Delta (STKN-26)
—water temperature would likely also increase with longer WRTs, which would allow faster
growth rates of phytoplankton and produce more strongly stratified water columns that would

further favor HABs. As surface temperatures warm in shallow waters, the density difference

8 Table 8-60a in the Final EIR/S (SJC-216) and Tables 6.6-5 to 6.6-25 in the 2016 BA
(SWRCB-104, pp. 6-243 to 6-248 (SJC-218)) show increased residence times in most
modeled locations, not just the central and southern Delta.
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between bottom and surface increases, and that difference is considerably greater in warm
than cool water. Thus, water column stability can increase in warmer water favoring buoyant
cyanobacteria, which depend on that stability to outcompete other plankton algae which tend
to sink in calm water.

In summary, according to project modeling, the proposed CWF diversions would
increase the average water residence time of the Delta by about 28% or 7 days as
compared to the No Action Alternative. (STKN-26.) The increase in WRT would be
most pronounced in vegetated side channels and backwater sloughs where
cyanobacteria blooms are most likely to occur (and less pronounced in the thalweg of
the main channels). Longer WRTs as a result of operation of the proposed diversions
would increase the likelihood of Microcycstis HABs in the Delta.

Opinion #7 - Temperature

Petitioner states that model predicted temperature increases with the CWF,
compared to NAA, would not substantially increase the frequency and magnitude
of cyanobacteria blooms within the Delta.

Sur-Rebuttal

Petitioner’s conclusions regarding the effect of modeled temperature increases
are unsupported.

Temperature modeling relied upon by Petitioner addressed only one operational
scenario (H3+). (Hearing Transcript, April 27, 2017, p. 203 [temperature modeling for 4A, H3
and H4 and the two boundary conditions not available].)

Petitioner contends that the few tenths of a °C increase in modeled, mean period 1932-
2003 temperatures due to CWF are not enough to increase cyanobacteria growth. (DWR-81,
pp. 17-18; DWR-653, pp. 33-36.) That may be correct if the 0.1-0.3 °C increases were
representative of extremes that could occur during warm dry summers, with increased water
residence times. However, by using period means—presumably means for the whole period
1922-2003—extreme conditions that could result from the CWF were likely masked and
therefore underestimated. Increases in Delta water temperatures of only a couple tenths °C
with 30-40% of the Sacramento inflow diverted during warm summers with drought conditions

(resulting in longer WRTSs), seem intuitively unlikely. Bryan explained that the reason for the
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small temperature effect is that river temperature is at equilibrium with air temperature before
the water reaches the Delta. But it appears likely that the longer WRTs in side channels,
sloughs, flooded islands, etc. would actually result in additional heating, especially in lower-
flow summers. In addition, reservoirs created above dams on rivers are heat sinks, because
their longer WRTs allow for more solar heating of surface waters than would occur in a free-
flowing river (which is continually supplied with cooler ground water inflows and shorter WRT).

Opinion #8 - Turbidity
Bryan claimed that any minor change in turbidity with the CWF would have
no substantial effect on the frequency and magnitude of HABs in the Delta.

Sur-Rebuttal

Bryan’s opinion about the effect of CWF-driven turbidity changes on the frequency and
magnitude of HABs in the Delta is flawed for at least two reasons: his reliance on mid-
channel velocities is misplaced because they are not representative of areas of the
Delta that will likely experience increased water residence times due to CWF, and
because it is based in part on a misapprehension about the degree to which
cyanobacteria are light limited in the Delta.

Bryan asserted that turbidity would not change because mid-channel velocities would
not change with the CWF. (DWR-81, pp. 18-19, DWR-653, pp. 36-37.) First, mid-channel
velocities are probably not representative of the channel edges, sloughs, sunken islands and
other off-channel coves that will likely experience increased water residence times due to 30-
40% less Sacramento River inflow into the Delta during spring-summer periods. Increased
WRTs would result in a larger fraction of suspended solids settling out of the water column,
which would allow more light for planktonic algae as well as the opportunity for cyanobacteria
blooms to occur more frequently. Also, contrary to Bryan’s assertions, independent peer
reviews of the CWF project have expressed concern about the project’s potential to affect
sediment concentration, and thus decrease turbidity: The “panel had greater concerns about
future sediment movement and water quality, and in particular, about whether the North Delta
Diversions (NDD) might exacerbate the downstream sediment starvation that is already
occurring.” (LAND-112, p. 4.)

Bryan further asserts that cyanobacteria are not now light limited so minor changes in

turbidity (non-algal) would not notably affect blooms. For example, in DWR-81, Bryan states
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"cyanobacteria in the Delta are not light limited during the period of the year (June—November)
when temperatures are warm enough to support cyanobacteria growth. Because
cyanobacteria in the Delta are not light limited, minor changes in turbidity would not have
notable affects on cyanobacteria blooms." (DWR-81, p. 19.) Bryan also stated that
temperature, not light, is the factor that limits cyanobacteria growth in the Delta. (DWR-653, p.
37.) On the contrary, cyanobacteria are probably often light limited in the Delta. Chlorophyll
concentrations at gauge sites on Old and Middle Rivers were often well over 200 pg/L during
2013-2016. (SJC-204.) At that concentration, the phytoplankton themselves would attenuate
enough surface light intensity to restrict their growth to the upper 2 m in a mixed water column.
Additional light extinction by non-algal turbidity, which is probably substantial in the Delta,
would further restrict the depth to which algae could be mixed and still grow. The claim of no
light limitation is also contradicted by the papers by Jassby 2008 (SJC-205) and Lehman et al.
2017 (DWR-720), which both conclude light limitation is important for phytoplankton growth
dynamics in the Delta. Light probably exerts the greatest effect on HAB timing, as well as on
magnitude, along with the most limiting nutrient, given that cyanobacterial growth is related to
the rate of warming in a water body. Thus, changes in turbidity due to non-algal suspended
solids could affect cyanobacteria biomass in water depths as shallow as 2 meters, assuming
water columns are mixed, as indicated by mid-channel velocities, as Bryan asserted.

Rebuttal Opinion #9 - Nutrients

Bryan asserted that nutrient increases in the Delta would be small and not
expected to increase the frequency, magnitude or duration of HABs.

Sur-Rebuttal

The pertinent literature does not support Bryan’s opinion that the frequency and
magnitude of HABs in the Delta will not be increased as a result of CWF-driven
nutrient increases: among other deficiencies in his testimony, Bryan did not
examine the possibility that reduced dilution by Sacramento River water would
increase Delta nutrient concentrations enough to raise seasonal average algal
biomass and the magnitude of HABs.

Discussion is presented by Bryan (and in the Final EIR/S) that argues the nitrogen (N)
and phosphorus (P) concentrations that currently occur in the Delta are non-limiting, meaning

that N and P are adequate to maintain maximum growth of Microcystis and that biomass would
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not increase due to any nutrient increase because growth is currently saturated with respect to
nutrients. (DWR-81, pp. 19-20; DWR-653, pp. 38-39.) Presumably this conclusion refers to
growth rate and not to ultimate biomass or to any seasonal average biomass of Microcystis (or
other taxa) or chlorophyll (Chl a) to seasonal average biomass. Apparently no relationship
with seasonally averaged data between nutrients and Microcystis has been established for the
Delta.

Relationships between soluble nutrients, N and/or P, and biomass assessed during a
season are often inversely related; soluble nutrient concentrations usually decrease as growth
proceeds because cells extract nutrients from the water. Also, attempting to relate TP or TN to
algal biomass during one season is unlikely to be productive, because there are too many
complicating factors affecting growth and biomass to allow biomass to be solely related to the
most limiting nutrient on a short-term basis. The only meaningful procedure to assess the
effects of nutrient increase in a standing or slow moving water body with relatively long WRT is
to develop a relationship between seasonal average total P and/or total N and average algal
biomass, over many years. That has apparently not been done for any of the Delta areas.
Such relationships typically show that seasonal average phytoplankton biomass increases
proportionately with TP, to over 100 ug Chl a/L in some hypereutrophic waters; e.g., 200 pg/L
average summer Chl a in Upper Klamath Lake (Kann and Welch 2005, SJC-212). As in Upper
Klamath Lake, biomass can increase proportionately with TP, even if N limits growth rates,
because N can be supplied by N-fixing cyanobacteria, e.g., Aphanizomenon (Schindler, 2016
(SJC-210); Welch, 2009 (SJC-214)). Without such data, assessment of the effect of diverting
a portion of the Sacramento River on nutrients is difficult. However, if an increase in TP is
expected, either through decreased dilution with lower-P water entering the Delta, or an
increased accumulation of TP in the water column due to recycling from the sediment, as a
result of increased WRT, then an increase in HABs may occur, given the general response of
lakes and slow moving rivers to eutrophication.

Diverting a portion of the Sacramento River in the northern Delta could substantially
reduce its diluting effect on both N and P in Delta waters, especially during the summer. The
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median TP concentration in the Sacramento River at Knight's Landing during spring-summer
was about 40 pg/L, and farther downstream at Hood/Green's Landing, about 80 pg/L (EPA,
2006, SJC-204). Spring-summer median concentrations were much higher in the San Joaquin
River—about 200 pg/L at Hwy 165 and farther downstream at Patterson, about 300 pg/L.
Reduced dilution by the Sacramento River would be greater for N than for P, because median
summer TN was only about 5 times greater than TP in the Sacramento River (Knight's
Landing), while TN was 10 times greater than TP in the Joaquin River at Hwy 165. Microcystis
is not a nitrogen fixer and its growth would likely be limited more by N than P in the Delta. The
extent to which reduced dilution by the Sacramento River would increase Delta nutrient
concentrations enough to raise seasonal average algal biomass and the magnitude of HABs is
uncertain. However, these possibilities were not raised and discussed by Bryan and no
seasonal average based relationships between seasonally averaged total phytoplankton or

Microcystis biomass, as described above, have been presented.

Executed on the 9t Day of June at Seattle, Washington.

Michael T. Brett
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ARTICLE INFO ABSTRACT

Keywords: Cyanobacteria harmful algal blooms (CHABs) became a concern in the upper San Francisco Estuary, California
Microcystis beginning in 1999, when yearly blooms of Microcystis began in the Delta region. Subsequent research identified
Drought that the increase in the magnitude, duration and toxicity of Microcystis blooms was associated with drought
Temperature related conditions of elevated water temperature and low streamflow. However, the impact of extreme condi-
ZE:;?SOW tions on the resilience of the bloom was unknown. The 2014 and 2017 water years provided a unique oppor-

tunity to determine the effect of climatic “whiplash” produced by the occurrence of extreme wet conditions
following extreme dry conditions on the Microcystis bloom. We hypothesized that the period of record wet
conditions in 2017 (1906-2018) would eliminate the Microcystis bloom for that year and perhaps revert the
estuary phytoplankton community back to pre-bloom conditions due to extreme flushing, despite the increase in
magnitude and spatial and temporal distribution of the Microcystis bloom during the 2014 extreme dry year.
Field sampling was conducted at 2-week or 4-week intervals between July and November at stations throughout
the Delta for both years and included a suite of physical, chemical and biological factors. Using PRIMER-e
DISTLM, we determined that retention time in the upper estuary and water temperature were key environmental
correlates with the Microcystis bloom amplitude and in regression models described 58-78% of the variation of
the bloom surface biovolume or subsurface abundance. The period of record high streamflow in 2017 was not
enough to eliminate the Microcystis bloom. However, the bloom was small in 2017, with a low abundance, late
initiation, short duration, narrow distribution and low toxin production. Warm water temperature enabled the
bloom to flower in late summer despite streamflow many times those measured previously. In addition, although
conditions early in the summer of 2017 favored diatoms, the summer was characterized by an abundance of
other non-Microcystis cyanobacteria. We conclude that once established, Microcystis is likely to be resistant to
extreme wet conditions, as long as water temperature and other key water quality conditions are favorable.

1. Introduction

Microcystis has increased worldwide and its increase is partially
attributed to the increase in drought conditions caused by climate
change because Microcystis thrives in regions with elevated water
temperature, decreased flushing time, water column stratification and
accumulation of nutrients associated with drought (Harke et al., 2016;
Paerl and Otten, 2013). Climate change is predicted to increase the
frequency and intensity of extreme drought and flood events worldwide
(IPCC, 2014). Increased frequency of these extreme events will lead to
rapid shifts from extreme dry to extreme wet conditions or climatic
“whiplash” in California (Swain et al., 2018) and it is unknown how
these rapid shifts in extreme environmental conditions will impact
biological communities, including cyanobacteria harmful algal blooms

* Corresponding author.
E-mail address: Peggy.Lehman@water.ca.gov (P.W. Lehman).

https://doi.org/10.1016/j.quaint.2019.12.003

(CHABS). Microcystis is currently the most common freshwater CHAB
worldwide (Harke et al., 2016) and has expanded into estuarine habi-
tats including the Chesapeake Bay, San Francisco Bay and the Neuse
River Estuaries in the United States; the Swan River Estuary in Aus-
tralia; the Los Platos Estuary in Brazil; and the Guadiana River Estuary
in both Spain and Portugal (Sellner et al., 1988; Yunes et al., 1996;
Rocha et al., 2002; Robson and Hamilton, 2003; Lehman et al., 2005).
In addition, transport of Microcystis from freshwater and estuarine en-
vironments seaward can affect the survival and toxicity of marine
species along the coastal ocean (Miller et al., 2010).

Microcystis spp. (Microcystis) has bloomed during the summer and
fall in upper San Francisco Estuary (USFE) since 1999 (Lehman et al.,
2017). The blooms are an environmental threat to estuarine species in
USFE where it has been demonstrated that these blooms affect the
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health and survival of fish (Acufia et al., 2012a,b; Kurobe et al.,
2018a,b), zooplankton (Ger et al., 2009, 2010), and the composition of
phytoplankton and bacterial communities (Lehman et al., 2010; Kurobe
et al., 2018a). Blooms vary more with wet and dry conditions than with
nutrient concentration in this nutrient replete estuary (Lehman et al.,
2008, 2017), even though Microcystis increases linearly with the per-
centage of ammonium in the total nitrogen pool (Lehman et al., 2015).
The 2014 water year was one of the driest years on record in USFE
(http://cdec.water.ca.gov/cgi-progs/iodir/WSHIST) and was accom-
panied by a Microcystis bloom that was 13-76% larger than precious
blooms in dry or wet years, respectively (Lehman et al., 2017). Given
the large Microcystis bloom during the 2014 drought year, it is expected
that Microcystis will increase with the increased frequency of drought
conditions predicted to occur in California due to climate change
(Dettinger et al., 2016; Jones, 2015; Cayan et al., 2009). However, it is
unclear how Microcystis blooms and the associated primary producer
community (phytoplankton and cyanobacteria) will vary with alter-
nating wet and dry conditions or climatic “whiplash” (Swain et al.,
2018). The potential removal of Microcystis and return to pre-bloom
conditions during extreme wet conditions was suggested by the near
replacement of Microcystis by Aphanizomenon spp. in 2011 (Mioni et al.,
2011), which was a year with comparatively high streamflow in USFE
(Dettinger et al., 2016; http://cdec.water.ca.gov/cgi-progs/iodir/
WSHIST).

We hypothesized that Microcystis would respond rapidly and on a
yearly basis to changes in extreme wet and dry conditions, and speci-
fically that a Microcystis bloom would not occur in an extreme wet year,
even after an extreme drought year with a large Microcystis bloom as a
seed source. To test this hypothesis, we compared the magnitude and
toxicity of Microcystis blooms during the extreme drought of 2014 and
the extreme flood of 2017. The water year 2014 was the 3rd and 4th
driest year and the water year 2017 was the 1st and 2nd wettest year on
recorded since 1906 for the Sacramento and San Joaquin River wa-
tersheds, respectively  (http://cdec.water.ca.gov/cgi-progs/iodir/
WSHIST). These two years also occurred within the climatic “whi-
plash” in California caused by the rapid change from extreme drought
between 2012 and 2016 to extreme flood in 2017 (Swain et al., 2018).
Comparisons were made with physical, chemical and biological data
collected at 2 to 4-week intervals between July and November, at 14
stations throughout USFE in 2014 and 2017. Environmental conditions
and primary producer communities associated with these extreme wet
and dry years were also used to determine their potential impact on the
Microcystis bloom.

2. Site description

San Francisco Estuary, located in central California, is the largest
estuary on the west coast of North America. The USFE is comprised of
an inland delta (Delta) of 2,990 km? with 1,100 km of waterways,
which is bounded by the Sacramento River on the north and the San
Joaquin River on the south (Fig. 1). The Delta extends upstream to the
head of the tide at Freeport on the Sacramento River and Vernalis on
the San Joaquin River. The location where these two major rivers
converge near Antioch is called the confluence and water flows (out-
flow; Fig. 2) past the confluence into a chain of downstream marine
bays - Suisun, San Pablo and San Francisco. Water depth in the Delta
varies from a few meters in shallow flooded islands to 13 m in the
center of major river channels. Tides reach 2 m in height, have velo-
cities up to 30 cm s~ ! and range 10 km during tidal excursion. Due to
its Mediterranean, climate summers are dry, and the water year is based
on precipitation from October to the following September (Swain et al.,
2018). Microcystis blooms commonly occur during the summer between
July and October and were first observed in the Delta during the fall of
1999.

Quaternary International xxx (XxxX) XXX—XXX

3. Methods
3.1. Field sampling

Data were obtained from two separate field studies conducted be-
tween July and November within the Delta at 10 stations in both 2014
and 2017. Both studies sampled stations across the USFE, with six of the
stations sampled in both years (Table 1). Stations which were in close
proximity and sampled in only one of the years were combined for
spatial comparisons. Stations 4 and 5 and stations 8 and 9 were re-
named for analysis as stations 5 and 9, respectively. Combining these
stations enabled comparison of 8 locations across the two years. Sam-
pling frequency differed between years, with samples collected every 2-
weeks in 2014 and every 4-weeks in 2017. Water samples were col-
lected with a van Dorn bottle (0.3 m in 2014) or from a through-hull
boat pumping system (1 m in 2017) and were immediately stored at
4 °C for processing within 1-3 h.

Water temperature, pH, specific conductance, turbidity (NTU), and
dissolved oxygen concentration were measured within the first 1 m
using a Yellow Springs Instrument (YSI) 6600 water quality sonde.

Surface Microcystis colonies greater than 75 pm in diameter were
gently collected with a 0.3 m diameter plankton net (75 um mesh) that
was hand-towed up to 30.5 m. The net was fitted with floats that kept
the ring just below the surface, making the net tow an integrated
sample of the surface layer. The net was also fitted with a General
Oceanics 2030R flow meter to allow calculation of the total volume
sampled. A surface net tow was used to get a representative sample of
the wide diameter (e.g., 50,000 um diameter) Microcystis colonies, be-
cause colonies were widely dispersed across the surface of the water
column. A wide mesh was also necessary to reduced clogging from the
high suspended sediment concentration, which characterizes the Delta.

3.2. Water quality

Water for chloride, ammonium, nitrate plus nitrite, silica and so-
luble reactive phosphorus (SRP) analysis was immediately filtered
through nucleopore filters (0.45 um pore size) and frozen until analysis
(American Public Health Association et al., 1998; United States
Environmental Protection Agency, 1983; United States Geological
Survey, 1985). Water for dissolved organic carbon analysis was filtered
through a pre-combusted GF/F filter (pore size 0.7 pm) and kept at 4 °C
until analysis (American Public Health Association et al., 1998). Un-
filtered water samples for total and volatile suspended solids, total or-
ganic carbon and total phosphate analyses were kept at 4 °C until
analysis (American Public Health Association et al., 1998).

3.3. Phytoplankton and cyanobacteria composition

Net tow samples for determination of surface Microcystis biovolume
(> 75 pum diameter size fraction) were preserved with Lugol's solution.
The biovolume of surface Microcystis colonies was determined using
area based diameter (ABD) with a FlowCAM digital imaging flow cyt-
ometer (Fluid Imaging Technologies; Sieracki et al., 1998). To more
easily measure the biovolume of the colonies, the samples were sub-
divided into < 300 um and > 300 um diameter size fractions and read
at a magnification of 10X and 4X, respectively.

Phytoplankton and cyanobacteria cell count data were also obtained
for five stations sampled by the California Department of Water
Resources environmental monitoring program (water.ca.gov/
Programs/Environmental-Services/Interagency-Ecological-Program/
Data-Portal). For these samples, water was collected at 1-m depth and
preserved with Lugol's solution in glass bottles. Identification and
enumeration of taxa to genus were done at 800X with the inverted
microscopic technique (Utermohl, 1958).



http://cdec.water.ca.gov/cgi-progs/iodir/WSHIST
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Table 1

Stations sampled during the Microcystis bloom season in 2014 and 2017 are
marked with an “X”. The location of each station by number is presented in
Fig. 1.

station description 2014 2017
1 Suisun Channel X
2 Collinsville X X
3 Antioch X X
4 Sherman Island X
5 Brannon Island X

6 Jersey Point X X
7 Franks Tract X X
8 Potato Slough X
9 San Joaquin River X

10 Mokelumne River X
11 Rough and Ready Island X X
12 Venice Cut X

13 Old River X X
14 Mildred Island X

3.4. Quantitative polymerase chain reaction (qPCR) analysis

A gPCR analysis of water samples collected from 0.3 to 1 m depth
was used to quantify the potentially toxic cyanobacteria in all size
fractions within the water column. Water samples (200-300 ml) for
gPCR analysis were filtered through nitrocellulose membrane filters
(pore size 0.45 um) and the filters were used for DNA extraction using a
NucleoSpin Plant II Kit (Macherey-Nagel, Bethlehem, Pennsylvania).
The gPCR assays were used to quantify the gene targets: 16S ribosomal
RNA genes (16S rDNA) for Dolichospermum, Aphanizomenon, Microcystis,
and total cyanobacteria (Lehman et al., 2017). The qPCR assay for total
cyanobacteria was developed against the conserved region of three
cyanobacterial genera: Microcystis, Dolichospermum, and Nostoc. The
assay also reacts with a wide range of cyanobacteria including Apha-
nizomenon, Planktothrix, and Cylindrospermum. The copy numbers of 16S
rDNA gene were divided by the number of 16S rDNA per genome to
obtain the equivalent cell number: Microcystis aeruginosa (2 copies,
GenBank accession number: AP009552.1), Dolichospermum (4 copies,
CP003659.1), and Aphanizomenon (6 copies, NZ_AZYY00000000.1). For
total cyanobacteria, the number of cell equivalents was calculated by
dividing the 16S rDNA copy number by 2 because Microcystis was the
dominant species in SFE (Lehman et al., 2005; Baxa et al., 2010).

3.5. Microcystin concentration

Microcystin concentration (microcystin-LR equivalents) in particu-
late (algal cells) and dissolved fractions (water) within water samples
was determined using a protein phosphatase inhibition assay (PPIA) kit
(Product No. 520032, ABRAXIS, Warminser, PA). Particulate and dis-
solved fractions were separated by filtering the whole water sample
through a glass fiber membrane (934-AH, 0.45 pum pore size,
Whatman). Particulate organic matter on the filter was subjected to
microcystin extraction using 80% methanol, followed by dilution before
quantification of microcystin in the algal fraction by PPIA. The filtrate
was used directly for PPIA analysis.

4. Data analysis

Streamflow and agricultural diversion data were obtained from
DAYFLOW  (https://water.ca.gov/Programs/Environmental-Services/
Compliance-Monitoring-And-Assessment/Dayflow-Data). Data were
analyzed using nonparametric techniques using the statistical package
PRIMER-e v. 7 (Clarke and Gorley, 2015). Single and multiple com-
parisons were computed using ANOSIM. Multivariate analysis was
conducted with the DISTLM routine in combination with BEST and an
adjusted R? criteria to identify and model significant variables
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associated with Microcystis abundance. Distance based redundancy
analysis (dbRDA) was then used to develop an ordination with the fitted
model variables. Before multivariate analyses variables with high in-
tercorrelation (r = 0.85) were removed from the analyses. Summary
values in the text are the mean and standard deviation. Multiple re-
gression analyses were computed with R software (R Core Team, 2017).

5. Results
5.1. Hydrology

Average water year outflow reached a high of 1918 m®s ™! in 2017
compared with a low outflow of 167 m® s~* in 2014 and was accom-
panied by extreme maximum and minimum monthly values of
7532 m> s~ ! and 90 m® s~ for 2017 and 2014, respectively (Fig. 2a).
The extreme nature of these years becomes clearer in comparison with
the average monthly outflow for 2000-2016, excluding 2014, of
512 + 679 m®s™! (range 5024 m®s~! to 86 m® s™1), which was 3-4
times higher or lower than the average outflow for 2014 and 2017,
respectively. During the Microcystis bloom season between July and
November, the average outflow in 2017 of 287 + 44 m>s™! was over
twice as high as that in 2014 of 112 + 21 m® s~ ! (Fig. 2b). Outflow
reflects the combined streamflow from the Sacramento and San Joaquin
Rivers, which is a good index of the relative streamflow for most
streamflow metrics in the estuary developed for DAYFLOW. However,
Microcystis is commonly more abundant in the San Joaquin River,
where average streamflow during the bloom season increased by a
factor of 9 from 13 + 8 m®s™'in 2014 to 116 + 66 m®s™!in 2017
(Table 2). Most of the outflow is generated from the Sacramento River,
which increased by a factor of 3 from an average of 94 + 14 m®s™'in
2014 to 298 + 54 m® s~ ! in 2017 near Rio Vista. Outflow also in-
fluenced the residence time of the water in the upper estuary, which is
characterized by the X2 index. The X2 index describes the distance from
the mouth of the estuary to the location landward where the bottom
salinity is 2 (Jassby et al., 1995). The average X2 index for the 2017
water year (64 = 15 km) was the lowest on record since 2000, in-
dicating an extremely short residence time for water upstream, and was
accompanied by a low monthly index value of 44 km in February and
March (Fig. 2c). During the Microcystis bloom season, the X2 index in
2017 remained below 80 km and averaged 75 *+ 2 km (Fig. 2d). The
X2 index for 2014 (84 + 4 km) was the highest index on record since
2000, suggesting dry conditions produced a long water residence time
upstream due to the saltwater intrusion (Fig. 2c) and the average was
slightly higher (87 # 2 km) over the bloom season (Fig. 2d). The X2
index during the bloom season in 2014 was significantly different from
2017 and remained above 85 km; the highest index was at 89 km in
September and October.

5.2. Bloom magnitude and distribution

Average surface biovolume for the same 8 locations measured be-
tween July and November was nearly 6 orders of magnitude (log va-
lues) greater in 2014 than 2017 (p < 0.01; Fig. 3a). The two orders of
magnitude greater abundance of Microcystis in the subsurface water
between 2014 and 2017 was also significant (p < 0.01).

The total microcystins concentration in the subsurface water was
also significantly greater in 2014 than 2017. Average total microcystin
concentration was 1.1 = 3.8 ug L™ in 2014 and decreased by 7 times
in 2017 to 0.16 * 0.20 pg L™~ ! (Fig. 3b). Toxin concentrations were
greater in July through September compared with October and No-
vember for both years (p < 0.05). Variability was high and there were
no significant differences in the mean among stations. However, the
average concentration was elevated at Brannon Is. (station 5) in 2014
and Old River (station 13) in 2017 (not shown).

Surface Microcystis biovolume was significantly different for all
months between July and November in 2014 and decreased by 3 orders



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=AP009552.1
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cyanobacteria measured, Microcystis, Aphanizomenon and Dolichos-
permum, Microcystis cells comprised the largest percentage of the total
cyanobacteria abundance in both 2014 and 2017, and the percentage
decreased by a factor of 16 from 24% in 2014 to 1.5% in 2017
(p < 0.01; Fig. 5a and b). A similar decrease in the percent abundance
of Aphanizomenon cells occurred between 2014 (8%) and 2017 (< 1%;
p < 0.01). The percentage of Dolichospermum cells remained below 2%
in both years.

Among eukaryotic phytoplankton, cryptophytes were more abun-
dant than diatoms and green algae in 2014 (p < 0.01; Fig. 5¢). In
2017, green algae were more abundant than diatoms and cryptophytes
(Fig. 5d; p < 0.01). Over the bloom season, high variability precluded
significant differences among months, but cryptophytes (particularly
Plagioselmis nannoplanctica) were relatively common in July and August
of 2014, while the diatoms Aulacoseira spp. (seaward) and Cyclotella
spp. (landward) were common in July 2017.

5.4. Environmental factors

Lower outflow and longer residence time in the upper estuary
characterized 2014 compared with 2017 (Table 2). High outflow
probably contributed to the lower specific conductance, total dissolved
solids concentration and pH and the higher dissolved oxygen con-
centration over the season in 2017 compared with 2014. The high
outflow in 2017 was also associated with lower nutrient concentrations
for soluble reactive phosphorus, total phosphate, and silica by as much
as a factor of 2 compared with 2014. Only ammonium and nitrate
concentration were greater in 2017 than 2014. The Microcystis bloom in
2017 was also associated with lower dissolved and total organic carbon
and dissolved organic nitrogen compared with 2014. The high outflow
in 2017, however, was not associated with a reduction in seasonal
average water temperature. Within each year, most variables differed
among some months, with only outflow and the X2 index differing for
all months. In contrast, ammonium concentration, dissolved organic
nitrogen and total phosphate did not differ among months in 2017
(Table 2).

DISTLM analysis identified the X2 index, water temperature, am-
monium concentration and silicate concentration as variables that de-
scribed most of the variation (adj. R? = 0.48) in Microcystis surface
biovolume in 2014 and 2017. Somewhat more of the variation in
subsurface Microcystis abundance was described with the X2 index,
water temperature, ammonium and pH concentration (adj. R> = 0.70).

The major patterns in the fitted model for the subsurface abundance
data were demonstrated by a dbRDA ordination, which accounted for a
majority (95%) of the fitted dbRDA variation and 67% of the total
variation along the x-axis (Fig. 6). The strong correlation of Microcystis
abundance with the X2 index and water temperature was demonstrated
by the increase in Microcystis subsurface abundance (bubble size) hor-
izontally along the X2 vector (X2 index) and vertically along the WT
vector (water temperature). The stronger influence of these variables
during the 2014 dry year compared with the 2017 wet year is suggested
by the positioning of the 2014 abundance data farther away from the
center of the circle than for 2017.

A 3D scatter plot in Fig. 7 demonstrates the threshold response of
Microcystis subsurface abundance with respect to the X2 index and
water temperature. Microcystis subsurface abundance and surface bio-
volume (not shown) were highest in 2014 when the X2 index was above
85 km and the water temperature was 25 °C. Peak Microcystis subsur-
face abundance also occurred at 25 °C in 2017, but the overall abun-
dance was less than 2014 due to the relatively lower X2 index, which
was less than 80 km. The importance of the X2 index as a threshold for
controlling Microcystis bloom magnitude was further demonstrated by
correlation analysis. Microcystis subsurface abundance was linearly
correlated with the X2 index (r = 0.79, p < 0.01) for both years
combined, but the correlation was not significant within either 2014
(r = 0.211, p > 0.05) or 2017 (r = 0.01, p > 0.05) separately. In
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contrast, Microcystis subsurface abundance consistently increased with
water temperature for both years combined (r = 0.45, p < 0.01), as
well as for 2014 (r = 0.80, p < 0.01) and 2017 (r = 0.38,p < 0.01)
separately. Using multiple regression models, it was possible to predict
a significant proportion of the variation in the log of Microcystis surface
biovolume (adj. R* = 0.78) and subsurface abundance (adj. R* = 0.58)
with the X2 index and water temperature (Table 3). Interaction terms
were not significant. Addition of ammonium and silicate (surface bio-
volume) or ammonium and pH (subsurface abundance; Fig. 6) did not
add significantly to the description of variance in the regression ana-
lysis.

6. Discussion
It was not unexpected that the X2 index would account for most of

the variation in the Microcystis bloom abundance in USFE. Streamflow
variables have been identified as critical factors controlling the
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Table 3
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Multiple linear regression equations and associated statistics computed for the dependent variables describing the Microcystis bloom amplitude as log surface
biovolume or log subsurface abundance with the independent variables that described most of the variability in the bloom amplitude, the X2 index (km) and water

temperature (°C). n = 159.

dependent variable independent variable estimate standard error t-statistic significance level adj. R?
surface biovolume intercept -35.1 2.85 —-12.29 < 0.001 0.78
log um® L ™! X2 index 0.44 0.03 13.84 < 0.001
water temperature 0.24 0.06 4.22 < 0.001
subsurface abundance intercept —-16.1 0.85 —19.01 < 0.001 0.58
log cells mL ™! X2 index 0.19 0.01 20.29 < 0.001
water temperature 0.17 0.02 10.27 < 0.001

magnitude of Microcystis blooms worldwide (Paerl and Otten, 2013)
and in USFE (Lehman et al., 2008). Although nutrient concentration,
especially nitrogen and phosphorus are commonly critical controlling
factors for Microcystis growth (Harke et al., 2016), streamflow would be
expected to be more important in USFE, where nutrient concentrations
are in excess (Jassby, 2008). The unexpected persistence of Microcystis
during the extreme wet conditions of 2017, caused us to reject the
hypothesis that an extreme wet year would prevent bloom formation
and perhaps return the estuary to pre-bloom conditions. Previous re-
search suggested that Microcystis blooms occurred when the average
streamflow was below 80 m® s~ in the upper San Joaquin River and
below 300 m>® s~ ' in the lower Sacramento River near Rio Vista
(Lehman et al., 2013). These values were well below the average
streamflow of 90 m*® s ! in the San Joaquin River and 373 m®s ™! in the
Sacramento River near Rio Vista measured during September 2017,
when Microcystis was most abundant. That a Microcystis bloom could
persist during wet year conditions in USFE was supported by data
collected in 2011 when Microcystis abundance peaked at the end of the
bloom season in October (Mioni et al., 2011), when seasonal average
outflow was 331 m® s~ (Fig. 2a).

The importance of the X2 index threshold in predicting the ampli-
tude of the Microcystis bloom supports the importance of residence time
thresholds for bloom development in USFE. The Microcystis bloom in
USFE reached peak levels when the X2 index was above 85 km, up-
stream of Antioch at the western edge of the Delta. A salt wedge at this
location would impede the movement of colonies seaward out of the
Delta. Microcystis blooms are often more dependent on the accumula-
tion of colonies rather than growth, because Microcystis has a slow
growth rate compared with eukaryotes (Paerl and Otten, 2013; Lehman
et al., 2008). Streamflow thresholds are often considered to be im-
portant controls for cyanobacteria blooms in estuaries and lakes. An
upper streamflow threshold was suggested to control bloom develop-
ment in the Neuse River estuary of 15 m? s™! (Christian et al., 1986;
Yang et al., 2018) and of 75 m® s~ ! for Microcystis in Lake Volkerak in
the Scheldt Estuary, The Netherlands (Verspagen et al., 2006). Simi-
larly, streamflow threshold values based on sustained streamflow
(3.5m®s™ 1) and flushing flows (35 m3 s~ 1) were proposed to control
Dolichospermum blooms in the Lower Darling Reservoir, Australia
(Mitrovic et al., 2011). Importantly, relatively small changes in the
location of the X2 index may be important. A shift of the X2 index by
only 3 km was associated with a factor of 3 increase in the percent
abundance of subsurface Microcystis cells in the cyanobacterial com-
munity between the extreme drought years 2014 and 2015 (Lehman
et al., 2018). Similarly, the increase in the X2 index from 71 km in July
to between 75 and 76 km in August and September may have facilitated
retention of cells in the central Delta during the peak of the bloom in
2017.

Water temperature is often identified as a significant factor con-
trolling Microcystis blooms (Jiang et al., 2008) and has previously been
identified as a strong correlate for blooms in USFE (Lehman et al.,
2008). The water temperature threshold during the bloom seasons in
2014 and 2017 were above the 19 °C threshold for bloom initiation in

USFE (Lehman et al., 2013), and optimum for bloom development
(Paerl and Otten, 2013). However, increasing water temperature was
also important once the threshold was exceeded, because Microcystis
abundance and water temperature were positively correlated for both
years. The lower average bloom magnitude in 2017 was partially due to
the failure of water temperature to reach 25 °C as often as in 2014. The
ability of Microcystis to increase with water temperature is thought to
provide Microcystis with a competitive advantage over phytoplankton
and other cyanobacteria when water temperature is above 20 °C
(Huisman et al., 2018).

Regression analysis suggested the X2 index and water temperature
were the primary factors controlling the Microcystis bloom during the
two extreme water years, even though analysis suggested other en-
vironmental factors may have contributed to bloom development. The
factor of 2 higher ammonium concentration in 2017 than 2014 could
have favored Microcystis bloom growth but was probably not an im-
portant causal factor due to the negative correlation with Microcystis
abundance. Microcystis has a high uptake rate (V.,) for ammonium
and the efficient utilization of ammonium as a nitrogen source may
enable Microcystis to outcompete other micro primary producers
(Takamura et al., 1987; Lee et al., 2015). High ammonium uptake rate
can favor Microcystis in USFE, even though nitrogen is in excess, be-
cause Microcystis increases with the percentage of ammonium in the
total nitrogen pool (Lehman et al., 2015). The strong correlation be-
tween Microcystis and pH probably reflected the change in the hydrogen
ion concentration in the water column from increased primary pro-
ductivity. However, Microcystis grows best at pH between 7 and 9 and
can outcompete Scenedesmus, a common genus in the Delta, at pH 7-9,
particularly when water temperature is near 35 °C (Yang et al., 2018).
The positive correlation between silicate and Microcystis may reflect the
importance of freshwater habitat to bloom formation (Lehman et al.,
2013).

Although not tested directly, the composition of the primary pro-
ducer community may have contributed to the persistence of the
Microcystis bloom in 2017. Cyanobacteria within the primary producer
community, comprised over 90% and 80% of the cell abundance in
2014 and 2017, respectively. Other non-toxic cyanobacteria were also
more abundant than toxic cyanobacteria in 2014 and 2017.
Metagenomic analysis identified over 19 cyanobacterial genera at one
station alone in 2014 (Kurobe et al., 2018a). Cyanobacteria can release
allelopathic substances that suppress eukaryotic phytoplankton (Paerl
and Otten, 2013) and toxins produced by Microcystis can inhibit the
growth of primary producers through multiple metabolic pathways
(Song et al., 2017; Sedmak and Elersek, 2006; Suikkanen et al., 2005).
Similarly, a large Microcystis bloom was associated with a decrease in
the microbial community (Otten et al., 2017). It is also possible that the
presence of Microcystis since 1999 could have slowly preconditioned the
environment to support Microcystis over other primary producers and
added colonies as a seed source to the sediment.

The USFE is a complex estuarine landscape comprised of deep river
channels, flooded islands, shallow wetlands and backwater sloughs
(Moyle et al., 2010) that could retain Microcystis colonies as a seed
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source for the estuary. Microcystis vegetative cells are often retained in
bottom sediments of shallow water habitats during the winter and seed
blooms the following year (Verspagen et al., 2006). Backwater areas
could also seed Microcystis cells throughout the USFE during the wet
season, when shallow water habitats flood and particles are carried long
distances (Sommer et al., 2008). Modeling studies demonstrated hor-
izontal transport is an important mechanism for bloom formation in
USFE (Lucas et al., 1999). However, net transport computations also
demonstrated shallow wetlands can retain chlorophyll despite high
advective (river) and dispersive (tidal) flow in USFE (Lehman et al.,
2010). Abundance data supported the retention of Microcystis cells in
the central Delta during 2017. Once transported into the main river
channels, cells would be able to grow as long as water temperature or
other water quality thresholds were met, as in 2017, when water
temperature was above the 19 °C threshold. It is also possible that
Microcystis cells persist in the sediments at the bottom of the deep main
river channels (12 m), where streamflow is low compared with the
surface (Dugdale et al., 2016), and rise into the water column as water
temperature increases to threshold levels in USFE. In Lake Limmaren,
Sweden, Microcystis recruitment from sediments occurred from both
shallow and deep areas (Brunberg and Blomqvist, 2003). However, the
percent recruitment of colonies from the surface sediment layer was 6
times greater for shallow (50%) than deep areas (8%). We concluded
that since Microcystis blooms have become established in the estuary,
they will persist despite flushing from extreme wet conditions and will
develop once water quality conditions, particularly water temperature,
become favorable.
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[, Erik Ringelberg, do hereby declare:
I. INTRODUCTION

| am an environmental scientist with technical and managerial experience in developing,
planning, and permitting large projects, assessing their environmental impacts, and, where
necessary, developing mitigation measures. | have applied scientific experience in the
assessment of water quality in both the field and in the laboratory, and experience managing
multi-disciplinary teams in the assessment of ecological baseline conditions and assessing the
results of managed hydrologic regimes leading to water quality impacts.

As an environmental scientist, | have completed analyses of the Bay Delta Conservation
Plan (BDCP) and its various permutations since 2008. Over those eight years, | have been
asked to provide oral and written comments by the Local Agencies of the North Delta with
particular emphasis on the technical considerations of project features that would impact water
quality, terrestrial and aquatic ecology, and the rural agricultural community. Prior to those
efforts, | provided support to the Pyramid Lake Paiute Tribe on the Truckee River Operating
Agreement and its management of Pyramid Lake habitat and water quality. That work included
managing a sampling team and a water quality laboratory that completed algal chlorophyll,
nutrient, and other water quality analyses to assess the condition of the lake and the Truckee
River.

My educational background and other qualifications are summarized in the Statement of
Qualifications submitted concurrently herewith. (SJC-003)
Il OVERVIEW - MICROCYSTIS IN THE DELTA

My testimony is intended to provide scientific analysis and conclusions about the likely
project impacts on toxic algal growth, colony formation, and toxic byproduct formation because
of the proposed diversions on the Sacramento River near Clarksburg. The proposed project
influences flow and water quality within Sacramento San Joaquin Delta as a result of this
diversion, and those factors further influence the formation of Harmful Algal Blooms (“HABs” or

CyanoHABSs).
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Cyanobacteria and Harmful Algal Blooms
Summary

| was asked to assess the proposed California Water Fix Petition for Change before the
State Water Resources Control Board (SWRCB) to determine from a scientific perspective
whether the project, as proposed by the Petitioners, would be likely to affect the conditions that
promote the incidence of harmful algal blooms and, if so, to identify those likely effects. | was
asked, also, to: (1) review the adequacy of the analysis, if any, of HABs presented in the
Petition, (2) explain the conditions that promote the development of HABs and the effects of
HABs on legal users of water in the Delta.

Upon review of the Petition (SWRCB-1, and the associated errata, SWRCB-2), there
are no analyses of any kind analyzing the project’s potential to create or exacerbate the
formation of HABs or their toxic byproducts. During my review of the relevant portions of the
direct testimony in support of this project, | did not hear analysis of any kind associated with
HABs and their toxic byproducts. Furthermore, there were no experts on HABs were provided
in support of the project.

There is information provided on one genus of HABs (Microcystis) in Exhibits SWRCB-
3, SWRCB-4, and SWRCB-5, despite molecular biologists identifying the HABS in the Delta
(and elsewhere) could contain or be caused by multiple genera, and identifying that genus
being less dominant in the Delta, potentially being replaced by the toxic Aphanizomenon
flosaquae. (SJC-045, Kurobe et al. 2013) | have analyzed information provided in Exhibits
SWRCB-3, SWRCB-4, and SWRCB-5 in detail as a part of my comments on the project
previously. (Exhibit SCWRB-3 RESIRC 2622 Pg. 14-20)

For a variety of reasons described in my prior analysis, and repeated for context in this
analysis, the Petitioners’ prior analyses fail to adequately describe the likely project impacts on
the ecological drivers for HAB formation created or exacerbated by the project, and further fail
to provide scientific substantiation that the project will not create HABs and their toxins.

The Project documentation states: “...beneficial uses in the Delta will not be negatively

impacted by operations with the new point of diversion.” (SWRCB-1, Pg. 19) The scientific
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question of how the project could affect the environment is not evident because of the
inadequacies in analysis and water quality modeling of the proposed project. Because of the
lack of supporting information provided by the Petitioners, | looked at relevant information
available from other sources that could be used as surrogates for the proposed action and
extrapolated from existing conditions that were the most similar to project operations. Contrary
to the project’s analysis in SWRCB-3, there are several scales of models available for HAB
formation, including for the Sacramento-San Joaquin Delta (Delta). There is a detailed Delta
food web model, as well as predictive models used for the Potomac and Lake Eire'. (SJC-046,
Durand, 2008; SJC-047, Tango 2009) The project failed to apply any of those models to this
project. Finally, since there was no HAB modeling provided for me to review any technical
basis of their conclusion of no injury, | examined how the proposed project impacts could be
assessed by the last remaining metric, the Basin Plan itself. The following is an analysis of the

Project’s potential impacts on these beneficial uses:

State law defines beneficial uses of California's waters that may be protected against
quality degradation to include (and not be limited to) "...domestic; municipal; agricultural
and industrial supply; power generation; recreation; aesthetic enjoyment; navigation;
and preservation and enhancement of fish, wildlife, and other aquatic resources or

preserves" (Water Code Section 13050(f)).

The beneficial uses relevant to project impacts to water quality are identified in the 2006
Water Quality Control Plan for the San Francisco Bay/Sacramento-San Joaquin Delta Estuary

(Basin Plan) as follows:

Municipal and Domestic Supply; Recreation-Contact; Agriculture- Irrigation and Stock
Watering, and including although not expanded upon in detail in this analysis,

Freshwater Habitat- Warm and Cold, and Wildlife.

1 http://lakeeriealgae.com/forecast/
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(SWRCB-27.)

There is simply no scientific debate that HABs and their toxic byproducts are by
definition injurious to legal users of waters applying their water for beneficial uses. The toxins
harm and can kill people, pets, stock animals, wildlife, and can impair other agricultural uses.
As explained in greater detail below, | have concluded that the proposed project diversion in
the North Delta under certain project scenarios will establish essentially the equivalent of
drought conditions, and their associated lower flows, in the Delta by removing significant flow
of the Sacramento River during ecologically critical periods (summer and early fall) for algal
bloom formation. (DWR-515 and DWR 5 errata, Pg 25-6). Moreover, because of the current
drought conditions, spring is now an important period for bloom formation. (SJC-048, Glibert et
al. 2014)

From the limited summary flow data provided in these two sources, it appears that the
flows immediately downstream of the intakes would be altered in the following manner, at
5,000 cfs, 900 cfs would be diverted, leaving 4,100 cfs in the river. At 15,000 cfs, 3,000 cfs
would be diverted, leaving 12,000 cfs in the river. At 22,000 cfs, 9,000 cfs would be diverted,
leaving 13,000 cfs in the river. These flow rules result in a flow reduction of 18% to 41%. Under
these rules, the flow would for the vast majority of the time would be constrained from 4,100
cfs to 13,000 cfs, removing most of the flow variability (except in flood) and regulating the flow.

These flows are directly equivalent to the range of flows at Freeport during critically dry
year (mean 9,345 cfs 1922) to a dry year (mean 16,003 cfs 1989). (SJC-049, ICF 2016, Pg. 2-
3). In plain language, the project rules create a drought equivalent condition on the
Sacramento River. Notwithstanding those rules, the scenarios that were provided as illustration
of the project modeling analysis for 1978, which was also classified as a dry year, is modeled
with a flow in the river of 14,000 cfs, and a 6,000 cfs diversion, leaving 8,000 cfs in the river
with a 43% flow reduction. The same modeling shows that even in an above normal year
(1993), at a flow of 11,000 cfs, 8,000 cfs is diverted, leaving 3,000 cfs in the river, a reduction
of 73% (DWR 5 errata, Pg 25-6). These rules and their associated modeling illustrate that the

project will reduce flows to the same as occur in critically dry and dry years. The ecological
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effects will be the same as what occurs in equivalent drought periods, but, potentially, even
worse, since the frequency of these periods is likely to increase in comparison to recent
history.

The project’s impacts associated with, and related to, algae in general and
cyanobacteria specifically, leading to the formation of concentrations of these organisms
(blooms [mats or scum]), include: lower flows compared to the same period in the Sacramento
River below the intakes, with the resulting lower dilution potential, reduced assimilative
capacity, and longer residence times, amplification of the flow split from Delta Cross-channel
(lowering flows further in the Sacramento River sloughs and Cache Slough complex), and
increased temperatures.

The project operational control of flows, and the removal of flow within the North Delta is
not the only project operation that can induce or maintain HABs. The project analysis includes
a brief and non-specific analysis for potential impacts associated with riparian and tidal habitat
creation, providing locally increased nutrients. (DWR-3; RDEIR, App. A, p. 28-16
(Environmental Justice).) Where there is any project analysis regarding HABs, the project
impacts are largely ignored, and, instead, what limited analysis exists is solely and incorrectly
focused on the nutrient data, and their relationship to the blooms of a single species,
Microcystis aeruginosa. (SCWRB-3 RESIRC 2622 Pg. 14-20)

The degree of impact on human health and drinking water supplies from the project’s
impacts on blue-green algae is not adequately assessed or mitigated in the material submitted
in support of the Petition. The testimony and supporting material submitted in support of the
Petition all but ignores the project diversion’s relationship to flow, nutrients and their associated
environmental impacts. The limited analysis instead looks at a single dimension of algal
dynamics, nutrient availability and ratio, and states that the data for nutrients are equivocal.
Juxtaposing the current analysis with the CVP/SWP Contractors’ 2010 comments on
Sacramento Regional County Sanitation District’'s wastewater discharges, the data on algal

bloom relationships appear to have gone from certain to uncertain when the Tunnels are the
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source of the impact. (SJC-050, Alameda, 2010. See also DWR-3, RDEIR/S Section 8.1.3.18
Microcystis (p. 8-45 lines 15-42 and p. 8-46, lines 1-22))
Il. CYANOBACTERIAL ECOLOGY AND PUBLIC HEALTH THREATS

Cyanobacteria or blue-green algae are a ‘simple’ form of microscopic photosynthetic
bacteria that lives in water. While they are simple structurally, Cyanobacteria are widely
distributed in aquatic and terrestrial environments, globally important primary producers for the
global nitrogen oxygen and carbon budgets. It is generally accepted that the chloroplasts of
true algae and plants and are derived from a cyanobacterial ancestor. (SJC-051, Tomitani et
al. 2006)

They are typically green, from the chlorophyll, but they also can make a number of
pigment chemicals, which have different colors. An algal bloom forms when the numbers of
algal cells increase rapidly to reach concentrations dense enough to be visible. The bloom
typically looks like a colored cloud in the water and can form very thick layers of scum. Many
genera of algae form blooms, some are important for the ecology of the system, and not all
algal blooms are toxic, even if the species can create toxicity. The toxin itself is not visible and
can exist long after the cell is dead. As noted, the toxic blooms are called “Harmful Algal
Blooms” and can be found in many environments from lakes to the ocean.

As was first documented in the Sacramento-San Joaquin River Delta in 1999, blooms of
cyanobacteria have spread for miles throughout the Delta during periods of warmer
temperatures and low flows (SJC-052, Berg and Sutula, 2015). This threat of increasing algal
blooms and the formation of algal toxins ‘appears to increase’ as the drought goes on (SJC-
052, Berg and Sutula, 2015).

Phytoplankton, the entire aquatic microbial ‘plant’ community, have been extensively
studied in the Delta and elsewhere. An existing transition point or shift in dominance from
benthic diatoms to phytoplankton has been noted below the |-80 Bridge, as well as the
Stockton Deep Water Ship Channel. (SJC-053, Kimball, 2011; SJC-054, Brunell, Litton and
Borglin, 2008; SJC-055, Muller-Solger, Jassby, and Miiller, 2002. Pg.1474). These ecological

shifts on both the Sacramento River and the San Joaquin River, respectively, are associated
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with a number of physical factors, including strong flows above 1-80 and Mossdale, and
reduced flows and tidal mixing below those locations. These shifts are the discernable point
where higher flow, dominant riverine processes transition to slower, tidal systems with naturally|
longer residence times, and differing water quality and temperature regimes. Without
modeling, it is difficult to say if the project will make the upstream transition between the
benthic diatom and the phytoplankton community more abrupt, or move it upriver, or create
some new unknown dynamic. In any case, the natural hydrologic conditions would be amplified
below the new point of diversion, as identified by the project- river stages, and other project
changes to the environment that will occur, each of which can be more favorable to the
formation of HABs than the current conditions.

Within the phytoplankton community, the dynamics between phyla become important in
terms of which predominate under which conditions. This is why it is difficult to assert a specific
outcome for a particular environmental change or series of changes without modeling. The
model identifies under which conditions one or the other phyla predominate. That dynamic
interaction is quantifiable through a series of correlations to documented HABs, and if
calibrated iteratively can become a relatively precise, predictive model.

Cyanobacterial blooms have been extensively studied in the lab, field trials, and even in
whole lake manipulations in Canada. These experimental studies show that if phytoplankton is
entrained in the turbulent flow and redistributed vertically over the entire depth, green algae
and diatoms outcompete (colonial) cyanobacteria due to a higher growth rate and reduced
sedimentation losses. The advantage of buoyant cyanobacteria to float up to the illuminated
upper layers is eradicated in a well-mixed system. (SJC-056, Visser, 2015) Lower flows also
increase blooms because lower flows can reduce water column mixing. (SJC-052 Berg, 2015)
Said another way, increased flows can control conditions cyanobacterial blooms both
mechanically by breaking up the bloom, and also through ecological, competitive controls.

Cyanobacteria have growth rate increase of 100 to 400 percent every 10 degree C rise
in temperature. (SJC-052, Berg and Sutula, 2015, p. 32.) As with most microorganisms, they

have a logarithmic response to the appropriate ecological conditions, responding very rapidly
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to what can appear to be subtle differences in factors such as temperature or sunlight. (See
Figures 1, 2, and 3 attached hereto) A couple of degrees of increased temperature can lead to
HABs in just a few days. Higher temperatures also prompt higher levels of toxins. (SJC-057
Brutemark, 2015.) Increased salinity levels (up to 10 parts per trillion) do not significantly harm
these organisms, as they survive in brackish water. (SJC-052 Berg, 2015.) Blooms of
cyanobacteria also reduce the dissolved oxygen content in a water body, and block sunlight
needed by other living organisms. (SJC-052 Berg, 2015.) For this reason, cyanobacteria’s
role was investigated as a potential correlate with the pelagic organism decline in the Delta.
(SJC-058, Lehman, 2005.)

Cyanobacteria present public health issues because of the potent toxins found in many
different genera of cyanobacteria cause symptoms in both animals and humans, ranging from
vomiting, rashes, headaches, and diarrhea to liver failure, and even death. (SJC-059 Office of
Environmental Health Hazard Assessment, 2009; SJC-060 U.S. EPA, 2015.) The International
Agency for Research on Cancer lists the toxin found in cyanobacteria as possibly carcinogenic
to humans. (SJC-061, Cogliano, 2010.) Similar to mercury and other bioaccumulative toxins,
cyanobacteria toxins are known to build up in the bodies of fish and shellfish; it also can
contaminate food crops when present in irrigation water. (SJC-061, Cogliano, 2010, p. 357-
358.)

The presence of cyanobacteria toxins, notably microcystins, can shut down drinking
water supplies. Nationally, there have been “do not drink or boil” advisory for their water when
a cyanobacterial bloom near Toledo’s drinking water intake on Lake Erie caused microcystin to
spike in samples in 2014. (SJC-060, U.S. EPA, 2015, p. 14.)

The “Do not boil” advisory is an important consideration, because (as distinct from
responses to many other dangerous bacterial species, such as fecal coliforms) boiling
microcystin contaminated water will not render the contaminant harmless. A species related to
the cyanobacteria that contaminated Ohio drinking water has been detected in the Delta,
Microcystis aeruginosa. (SJC-045 Kurobe, 2013.) Traditional methods of killing algae, such as

algaecide, can actually increase the presence of the cyanobacteria toxin, which releases upon
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the death of the organism. (SJC-060, U.S. EPA, 2015, p. 41.) Conventional water treatment
systems do not remove the toxins; therefore, U.S. EPA recommends that drinking water
systems affected by a cyanobacteria bloom change the location of their intakes, purchase well
water from a neighbor, or add expensive additional treatments such as reverse osmosis.
(SJC-060, U.S. EPA, 2015, pp. 41-43.)

lll. HARMFUL ALGAL BLOOMS IN THE DELTA, CURRENTLY

As described, the current drought conditions provide context for observing the impacts
of the project; these are the effects of reduced freshwater flows from the Sacramento River,
leading to resulting increased residence times and localized increased water temperatures.
These are the conditions that lead to HAB formation in the Delta. (SJC-058, Lehman, 2005.)

The serious and increasing incidence of HABs in San Joaquin County, and State and
local government’s awareness of, and efforts to respond to the hazards HABs pose in San
Joaquin County are amply illustrated in the Testimony of Linda Turkatte, submitted
concurrently herewith. (See Exh. SJC-002.)

Even Sacramento had a recent (October 5, 2015) death of a dog in the Sacramento
River at a public beach directly attributed to cyanobacteria.? Per the Sacramento Bee article,
the Sacramento County environmental health division chief said he expects more blue-green
algae events if the state’s four-year drought continues: “That’s because droughts create more
pockets of slow-moving warm water in rivers, a situation that triggers more algal blooms.” The
identical conditions will be created or exacerbated by the proposed project.

The testimony and other material submitted in support of the Petition fails to consider
the readily-available literature provided by the CalEPA’s Office of Environmental Health
Hazard Assessment (“OEEHA”), which documents these issues, which directly relate back to
the defined beneficial uses, in great detail:

Many cyanobacteria species produce a group of toxins known as microcystins,

some of which are toxic;

2 http://www.sacbee.com/news/local/environment/article38250372.html
9
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Upon ingestion, toxic microcystins are actively absorbed by fish, birds and

mammals;

People swimming, waterskiing, or boating in contaminated water can be exposed

to microcytins;

Microcystins may also accumulate in fish that are caught and eaten by people;

Finally, pets and livestock have died after drinking water contaminated with

microcystins.3
Moreover:

Microcystins are toxic to fish at concentrations as low as a few micrograms per

liter (ug/L) or possibly even fractional pg/L. Finally, Blooms of cyanobacterial

species that produce microcystins and/or anatoxin-a have coincided with the

deaths of ducks, gulls, songbirds, pheasants and hawks, as well as several other

bird species. The severity of such bird kills have ranged from a few individuals to

several thousand birds per incident.
(Ibid.)

The OEEHA report identifies that it is not just one genus, Microcystis, but several, that
create the toxins. People, agricultural and domestic animals, birds and fish are at direct and
acute risk. The risk to fish is exceptionally high. And, the report further explains that
conditions that are not classically considered favorable for bloom formation can still lead to
toxicity sufficient to kill even mammals.

The project will cause changes to water operations and creation of project-required tidal
and floodplain restoration areas that change water residence times within Delta channels, and
increases in Delta water temperatures. “The data do not represent the length of time that
water in the various subregions spends in the Delta in total, but do provide a useful parameter
with which to compare generally how long algae would have to grow in the various subregions

of the Delta.” (DWR-3, RDEIR/S, Section 8.3.1.7, p. 8-82, p. 31-43.)

3 http://oehha.ca.gov/ecotox/documents/Microcystin031209.pdf
10
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In the RDEIR/S, much is made regarding Redfield ratios associated with historic nutrient
levels, but there is no evidence provided that nutrients are limiting, indeed research
demonstrates the opposite is likely, the nutrients are at more than sufficient levels for algal
blooms and one or more factors, namely light deficiency and velocity-induced mixing are
controlling near the proposed intakes. (SJC-053, Kimball, 2011; SJC-054, Brunell, Litton and
Borglin, 2008; SJC-055, Jassby, and Muller, 2002.) Water clarity, temperature and nutrients
that support blue-green algal growth needs and HAB formation in the Delta and its waterways
are already sufficient to support the toxic blooms since they have already occurred in both
places.

IV. IMPACTS OF THE PROPOSED WATERFIX PROJECT ON CONDITIONS CONDUCIVE
TO FORMATION OF HARMFUL ALGAL BLOOMS.

Based on the flow description and operational rules provided in SWRCB-3, and the
failure to present any scientific supporting information to the contrary, the proposed changes in
the point of diversion will have obvious consequences for water quality, quantity and more
subtle, yet equally profound effects on the ecology of the Delta. Because the Delta and its
tributaries and sloughs are subject to significant tidal influence from the Pacific Ocean and
through the San Francisco Bay, they are also subject to multiple physical processes and thus
ecological processes ranging from river-like to lake-like (fluvial to lacustrine), twice a day. This
hydrologic condition of tides slowing the rate of downstream transport, is exacerbated by the
Project’s removal of significant fractions of flow, which change the hydraulic head of the river
(advection) and increase the residence time downstream of the intakes, and within each of
those proximate sloughs. Some of these potential project impacts have already been identified
by federal scientists:

“Uncertainty about New Facilities and Habitats Decades of hydrodynamics monitoring,

modeling, and special studies indicate that restoration or changes in water conveyance

in one area can substantially affect basic hydro-dynamic processes and transport in
others. Many changes are proposed for the Sacramento—San Joaquin River Delta to

meet the State’s goals of “providing a more reliable water supply for California and

11
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protecting, restoring, and enhancing the delta ecosystem” (Delta Stewardship Council,

2013). Documenting how these changes affect flows in the delta is important. The

proposed flooding of Sherman Island, for example, could affect hydrodynamics and

transport processes, including salinity intrusion, throughout the delta. Withdrawing water
from the system into an isolated water-conveyance facility, such as the currently
proposed twin tunnels, would also alter transport throughout the delta. If built, net flows
throughout the north and western Sacramento—San Joaquin River Delta would be
proportionately reduced by the amount withdrawn into the conveyance facility,
increasing the influence of the tides throughout the delta. If the conveyance facility is
built, the north-to-south draw of water across the delta that has existed for decades
would likely be reduced as a result of compensatory reductions in pumping from the
south delta, creating much longer average residence times. Longer residence times are
associated with higher rates of algal growth, which could fuel eutrophication in some
regions, including increased blooms of nuisance algae, such as Microcystis, which is
toxic to humans and other organisms (Lehman and others, 2013). In the coming
decades, the flow-station network can provide data that address uncertainty concerning
the location of proposed water-conveyance facilities and that, after they are built,
document the effects of these new water-conveyance facilities, management actions,
and habitat-restoration efforts.”

(SJC-063, USGS Fact Sheet 2015-3061. 2016)

Yet, despite what seem obvious to ecologists, aquatic chemists, and geomorphologists,
the project documentation submitted by Petitioners fails to take the aquatic environmental
changes created by the proposed project and their likely consequences into account.

For example, the conditions in the Sacramento River created by the proposed project
operations are the very same conditions -- reduced flow, longer retention times, and likely
localized higher temperatures -- identified in the basic ecology discussion provided above
known to promote cyanobacterial blooms. Furthermore, flow reduction also directly affects

velocity, which maintains particles in suspension, leading to “drop out” of sediment, and this

12
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loss of sediment related turbidity, which is further compounded by the project’s removal of
sediment at the intakes, and flow reversals. (SJC-054, Brunell, Litton, and Borglin, 2008, Pg.2-
3,12)

The significant reduction of sediment, thus influencing turbidity, results in greater
sunlight penetration of the water column. This light is likely to support phytoplankton, which get
their energy from sunlight, and is understood to be one of the key controlling factors for HAB
formation in the Delta.

Potential Impacts of Climate Change on HABs in the Delta

The drought has demonstrated the link between lower flows and HAB formation within
the Delta. This is not unexpected, as science has well identified that under appropriate nutrient
conditions, lower flows and longer retention time are directly associated with HAB formation.

The uncertainties that climate change can create does not necessarily mean that
climate change by itself will induce more HABs. For example, increased precipitation and
greater flushing flows could occur under scenarios for the Delta. (SJC-064, Cloern et al. 2014)
Increased temperature is of course a driver, but significant improvements in water quality
through nutrient control have been and continue to be implemented by the SWRCB and the
CVRWQCB. These controls if done strategically may countervail the HAB temperature
response to some degree.

Given the wide range of uncertainty regarding the ultimate climate change trajectory,
and the temporal difference between when the project is proposed and the more significant
impacts of that change in the Delta, the project should use or develop a model for HABs and
their formation processes in the Delta, and then provide model support to demonstrate how it
will not induce HABs through its operations over the next 20 years.

The project’s operational effects of locally increasing water temperature, reducing flows
into the Delta to levels similar to known conditions that create HAB formations in the Delta from
the Sacramento River would worsen the HABs problems in the Delta. Moreover, project

induced increased dominance of cyanobacterial blooms can significantly disrupt the aquatic

13
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food chain (zooplankton) reducing both diversity and food quality of these resources for fish
and piscivorous wildlife. (SJC-065, Reichwaldt, Song, and Ghadouani, 2013.)

In any case, the Petitioners are obligated to demonstrate scientifically why the project would
not induce or sustain these HABs, and to describe the effects of these induced HABs on the
beneficial uses of water for both short-term impacts and potential climate change scenarios.
Petitioners case in chief fails to do so, and indicates that water uses will in fact be injured by
HABs should the Petition be granted.

IV. CONCLUSION

The project has direct impacts on flows by removing significant portions of Sacramento
flow, the primary freshwater source of the Delta. The combined project operations associated
with this diversion also directly manipulates the source waters through dam releases, and
controls the remaining (bypass) flows within the Delta through operation of the Delta Cross
Channel, which directs the flows to the east; and, then through operations of the South Delta
pumps, which control regional circulation. The new intakes will also remove sediment, which
allows for more light to enter the water column and exacerbates algal growth.

As most Delta agriculture, and many municipalities are reliant on pumping directly from
rivers and sloughs, HABs and their toxic microcystins can lead to many problems ranging from
illness to mortality as a result of direct and indirect environmental conditions exacerbated or
created by the project both in the near-term and cumulatively. Removing significant fractions
of the flow of the Sacramento River and concentrating that effect in a river corridor profoundly
changes the downstream channel flow (velocity). The flow-related dilution and water column
mixing, as well as the induction of flow reversals which serve to lengthen residence time, are
further exacerbating conditions that lead to HAB formation and maintenance. These project-
caused ecological conditions can amplify natural conditions that are suitable for HABs and
create the tipping point for bloom expression.

The Petition fails to demonstrate how the project will protect beneficial uses, or protect

14
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legal users of the water from HABs created or made more made more likely to occur across a

variety of water years by the project.

Executed on the 1 Day of September at Sacramento, California

Erik Rlﬁééiberg F
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Figure 1. Chaetoceros Cell Counts at Varying Light Levels
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Intensity (Lux) and Growth of Chaetoceros muelleri. School of Marine Studies, Faculty
of Science, Technology and Environment, University of the South Pacific, Fiji. (Figure

Microalgae response to light.)

TIME (hours)

19

TESTIMONY OF ERIK RINGELBERG






N O BN

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Figure 2. Chlorella Growth Rate at Varying Nutrient Ratios
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Figure 1. Regression relationship between river flow index at Point of Rocks, Potomac River, MD and
Bloom Severity Index as % of samples in a summer season where bloom levels of Microcystis were
detected. 2008 Summer Forecast is shown here.

X-axis: River Flow Index = Log, (Cumulative 17 month flow in cubic feet/(1* 10))
Y-axis: Bloom Severity Index = % Summer Potomac samples at bloom level

SJC-047 Tango, P. 2009. HAB. USGS. (Microcystis) Growth Model, Potomac Algal Bloom
http://ian.umces.edu/ecocheck/forecast/chesapeake-
bay/2009/indicators/microcystis# Methodology
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Climate change is transforming aquatic ecosystems. Coastal waters have experienced progressive warming,
acidification, and deoxygenation that will intensify this century. At the same time, there is a scientific consensus
that the public health, recreation, tourism, fishery, aquaculture, and ecosystem impacts from harmful algal
blooms (HABs) have all increased over the past several decades. The extent to which climate change is in-
tensifying these HABs is not fully clear, but there has been a wealth of research on this topic this century alone.
Indeed, the United Nations' Intergovernmental Panel on Climate Change's (IPCC) Special Report on the Ocean
and Cryosphere in a Changing Climate (SROCC) approved in September 2019 was the first IPCC report to
directly link HABs to climate change. In the Summary for Policy Makers, the report made the following de-
clarations with “high confidence™:

e Harmful algal blooms display range expansion and increased frequency in coastal areas since the 1980s in
response to both climatic and non-climatic drivers such as increased riverine nutrients run-off.

® The observed trends in harmful algal blooms are attributed partly to the effects of ocean warming, marine
heatwaves, oxygen loss, eutrophication and pollution.

® Harmful algal blooms have had negative impacts on food security, tourism, local economy, and human
health.

In addition, the report specifically outlines a series of linkages between heat waves and HABs. These state-
ments about HABs and climate change and the high levels of confidence ascribed to them provides clear evidence
that the field of HABs and climate change has matured and has, perhaps, reached a first plateau of certainty.
While there are well-documented global trends in HABs being promoted by human activity, including climate
change, individual events are driven by local, regional, and global drivers, making it critical to carefully evaluate
the conditions and responses at appropriate scales. It is within this context that the first Special Issue on Climate
Change and Harmful Algal Blooms is published in Harmful Algae.

When considering HABs and climate change, warming has received
the greatest amount of attention in the scientific literature. A requisite
for warmer temperatures intensifying a HAB in a given location is the
existence of temperatures below those supporting maximal growth.
There are many instances where this precise scenario has already oc-
curred, with HABs intensifying as waters have warmed closer to tem-
peratures that yield maximal growth (Moore et al., 2009; Gobler et al.,
2017; Anderson et al., 2012). There are also locales where this is pre-
dicted to occur in the future (Glibert et al., 2014). Freshwater HABs
caused by cyanobacterial blooms seem to be the most obvious examples
of warming induced intensification with several case studies, from
nearly every continent, indicating that the temperatures yielding
maximal growth rates for many cyanobacterial HABs are universally
higher than those of non-harmful eukaryotic algae (Paerl and Huisman,
2008, 2009). In marine systems, warming has been implicated in
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intensifying multiple HABs in several mid- and higher latitude regions
(Moore et al., 2009; Gobler et al., 2017; Griffith et al., 2019). Con-
versely, however, these regions with increasing frequencies and in-
tensities of HABs due to progressive warming may be balanced by re-
gions that warm beyond of the optimal range for other HABs (Griffith
et al., 2019). Collectively, this leads to a scenario whereby HABs may be
migrating pole-ward with progressive warming, a hypothesis that has
been affirmed by several case studies within the literature (Gobler et al.,
2017; Griffith et al., 2019; Hallegraeff, 2010).

HABs migrating to new ecosystems, however, may create significant
risk to aquatic ecosystems and the humans who live near them.
Specifically, when HABs emerge in new ecosystems, both the humans
and aquatic life living within that ecosystem are taken by surprise.
Naive species, that have never been exposed to a given HAB and /or its
harmful effects, may be the first to experience selective pressures and

1568-9883/ © 2019 The Author. Published by Elsevier B.V. This is an open access article under the CC BY license
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thus suffer the greatest population declines (Colin and Dam, 2002;
Bricelj et al., 2005). In parallel, regulatory agencies and medical facil-
ities that have not considered, monitored, and treated a newly arriving
class of HAB-toxin may be taken by surprise as ‘first ever’ events occur,
contaminating seafood, and potentially sickening people.

The root cause of ocean warming is, of course, the accumulation of
CO,, in the atmosphere that comes into equilibrium with, and acidifies,
the surface ocean (Doney et al., 2009). In doing so, the higher avail-
ability of CO, offers the potential to rebalance the distribution and
abundance of primary producers that rely upon inorganic carbon to
perform photosynthesis (Giordano et al., 2005). While the net effect of
rising CO, on phytoplankton communities is not fully understood, it has
been hypothesized that since the RUBISCO found in dinoflagellates has
a lower affinity for CO, than other phytoplankton, dinoflagellates,
which cause the majority of marine HABs, are more likely to benefit
from rising CO, levels than other classes of algae (Reinfelder, 2011).
While this hypothesis oversimplifies the organizing effects of high CO,
on phytoplankton communities, this theory is supported by a recent
meta-analysis of 26 studied HABs that demonstrated growth rates in-
creased consistently with elevated CO,, while non-harmful algae did
not show this trend (Brandenburg et al., 2019).

Regardless of how HABs respond to climate change, scientists that
study HABs and managers and the public are concerned with HABs
because of the harm they cause to aquatic ecosystems and their in-
habitants, including humans. For more than a decade, scientists have
also expressed growing concern regarding the negative effects of cli-
mate change processes on aquatic life (Gruber et al., 2011; Doney et al.,
2012). Temperatures in some ecosystems are expected to reach levels
that cause significant physiological stress to aquatic organisms (Portner
et al., 2008). Concurrently, levels of dissolved oxygen in the ocean have
been declining since the mid-twentieth century, and this trend is ex-
pected to continue through this century as warmer waters will hold less
dissolved oxygen (Breitburg et al., 2018). Within coastal zones, hun-
dreds of instances of hypoxia have been identified (Breitburg et al.,
2018) and hypoxic zones have been expanding (Keeling et al., 2010).
Ocean acidification is depressing the pH and saturation state of calcium
carbonate in the ocean (Doney et al., 2009), with predicted mid-century
levels of acidification representing a threat to the growth and survival
both calcifying and non-calcifying organisms (Gobler and Bauman,
2016). And, this trifecta of threats (warming, acidification, and hy-
poxia) are already manifesting within coastal zones. Coastal heat waves
have become common, bringing temperature anomalies that often ex-
ceed the end-of-century predictions (Frolicher and Laufkotter, 2018).
Emerging research has demonstrated that hypoxic zones are also acid-
ified, as the microbial respiration that drives hypoxia also produces CO,
that acidifies water in the same manner atmospheric CO, does (Wallace
et al., 2014; Waldbusser and Salisbury, 2014). While each of these
processes are a physiological threat to aquatic life, they often occur in
tandem and the co-occurrence of these stressors commonly leads to
physiological outcomes additively worse than a single stressor and in
some cases, synergistically worse (Depasquale et al., 2015; Stevens and
Gobler, 2018; Tomasetti et al., 2018). These occurrences are typically
rooted in organismal physiology as stressors may frequently act on si-
milar or the same biochemical pathway (Portner and Farrell, 2008).

While the co-occurrence of climate change stressors and their phy-
siological impacts have been well-studied during the past decade, what
has been lacking has been a consideration of how the co-occurrence of
one or more climate change stressors with HABs might affect aquatic
life. There is, however, an abundance of evidence that HABs and these
climate change stressors frequently co-occur in coastal zones, which are
often considered harbingers of future ocean conditions. For example,
many HABs, especially those in freshwater bodies, occur during peak
summer temperatures that may already be stressful to aquatic life
(Portner and Farrell, 2008; Doney et al., 2012). The extreme levels of
biomass generated by many ecosystem disruptive HABs (Sunda et al.,
2006) can also create high levels of organic matter which, when
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respired, promotes hypoxia and acidification (Wallace et al., 2014).

While climate change research has typically linked warming, low
oxygen, and acidification, it has typically not invoked HABs as an ad-
ditional stressor to consider. Given the frequent co-occurrence of HABs
and climate change co-stressors, and the ability of climate change to
intensity HABs, it seems appropriate that HABs be considered a climate
change co-stressor. Climate change may act to make HABs become
more frequent and intense in some, but not all, coastal ecosystems
(IPCC, 2019; Ho et al., 2019). Regardless of how the intensity of HABs
change, the certainty of ecosystems becoming warmer, lower in oxygen,
and more acidified while HABs and/or their toxins are present creates a
scenario that is a more serious physiological threat to aquatic life than
the climate change stressors alone. Surprisingly, there is an extreme
scarcity of data to understand the nature of this threat, despite the
certitude that the co-occurrence of HABs and climate change stressors
will become more common in the future.

While there is a wealth of uncertainty regarding HABs and climate
change, there is one key certainty: Future HABs will occur in an an-
thropogenically-altered ocean and, therefore, future occurrence and
impacts will differ from what we know today. It is in consideration of
all these topics that this Special Issue of Harmful Algae, Climate change
and harmful algal blooms: Insights and Perspective, was compiled. The
Special Issue consists of a dozen articles that consider how specific
types of HABs (benthic, pelagic, freshwater, cyst-forming) may respond
to climate change as well as how specific climate change processes
(acidification) and other concurrent processes (eutrophication) may
alter the dynamics of HABs. The Special Issue considers approaches that
will be important for studying the effects of climate change on HABs
(molecular tools, modeling) and how climate change may act and in-
teract to change the effects of HABs on food webs (aquaculture, fish-
eries).

Several papers of this special issue focus on major groups of HABs.
For example, Trainer et al. (2020) focus on climate change effects on
pelagic HABs and do so by specifically focusing on three of the largest
and most significant HAB events this century: the new occurrence and
spread of Alexandrium catenella blooms across south-eastern Australia,
the 2015 Pseudo-nitzschia bloom that spanned more than 30 degrees of
latitude from Alaska to Mexico, and the 2016 “Godzilla red tide” of A.
catenella and Pseudochattonella verruculosa in Chile that caused nearly
$1B USD in fisheries losses. The authors specifically explore the role of
temperature trends and anomalies as well as coupled ocean-atmo-
spheric forcing in the occurrence of each of these events. Tester et al.
(2020) explore how changing climate will alter and impact the occur-
rence of benthic HABs formed by dinoflagellates in the genus Gam-
bierdiscus and Ostreopsis, and specifically outline how temperature
changes may permit an intensification of these events within some re-
gions as well as a spread of these events pole-ward and into deeper
waters.

Freshwater HABs caused by toxic cyanobacteria (cyanoHABs) pro-
vide some of the clearest examples of HABs promoted by climate
change and anthropogenic forcing (Paerl and Huisman, 2008, 2009).
Beyond intensifying HABs, in this issue, Olofsson et al. (2020) de-
monstrate how four decades of climate change processes has differen-
tially altered the relative abundance of different cyanoHAB genera in
the Baltic Sea. Burford et al. (2020) emphasize the many knowledge
gaps that exist regarding cyanoHABs and climate change, highlighting
the frequent mis-match between the individual studies of cyanoHABs
and complexity and time-scale of climate change processes. Beyond
providing a comprehensive review of the science of climate change and
cyanoHABs, Burford et al. (2020) also highlight future research needed
to facilitate better prediction and management of future cyanoHABs.

A final group of HABs considered in this special issue are those
caused by cyst-forming dinoflagellates with an emphasis on A. catenella.
Dormancy and excystment of dinoflagellate cysts is strongly controlled
by temperature (Fischer et al., 2018). In this issue, Brosnahan et al.
(2020) consider how current and future annual cycles in temperature
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may influence the dynamics of dinoflagellate HABs and demonstrate
how, as warming moves the favorable habitats for A. catenella pole-
ward, it may also allow shallow, inshore habitats to retain resting cysts
longer than deep offshore ones, promoting HAB impacts that are more
localized and commence earlier each year in these regions.

As emphasized earlier in this preface, one of the great complexities
of climate change is the vast number of processes that are changing
concurrently. One of these processes is eutrophication. While anthro-
pogenic changes to nutrient loads can intensify HABs (Heisler et al.,
2008), climate change processes such as altered patterns of precipita-
tion can independently intensify nutrient loading rates (Sinha et al.,
2017) and, in turn, affect HABs. Glibert (2020) examines how climate
change in unison with changes to coastal nutrient loading, stoichio-
metry, and forms might alter the occurrence of HABs. The manuscript
demonstrates that concurrent climate and nutrient changes are likely to
favor mixotrophic algae over diatoms and concludes that, absent a
control on nitrogen loading, more HABs will occur in future oceans.
Raven et al. (2020) focus on how rising CO, levels might be expected to
impact HABs. The paper highlights the interaction between atmo-
spheric and local forcing of CO, that can result in systems being acid-
ified, basified, or both over an annual cycle or even over a day-night
cycle. The paper also demonstrates that although many HABs appear to
grow more rapidly under high CO, conditions, the precise response of
individual HABs to such conditions can vary at the species and even
strain level. Beyond the effects of changes in CO, on HAB photo-
synthesis, the paper highlights how altered pH can alter algal phy-
siology and highlights future directions for research on this topic.

One of the most common themes of the manuscripts presented
within this Special Issue is the need for more studies to better under-
stand how climate change will affect HABs. Wells et al. (2020) present
findings from a symposium on HABs and climate change and emphasize
and review approaches useful for deepening our understanding of HAB-
climate change interactions. They specifically highlight the relative
utility of laboratory and field studies, long-term observational pro-
grams, retrospective studies, as well as linkages with aquaculture and
fisheries to understand the socioeconomic effects of HABs and climate
change. The authors also specifically recommend collaborative, stan-
dardized studies of a small sub-set of HABs to accelerate community
understanding of how they may respond to future climate change.
Hennon and Dyhrman (2020) highlight the utility of genomics, tran-
scriptomics, proteomics and metabolomics as tools to provide new in-
sight into HABs experiencing climate change. The authors highlight
how ‘omics data sets may be used to predict the responses of HABs to
climate change and provide examples of how ‘omics datasets can be
incorporated into predictive numerical models to improve such pre-
dictions.

A final approach used to understand HAB responses to climate
change is described by Ralston and Moore (2020) who explore the
utility of models. The authors compare the relative strengths and
weaknesses of statistical and process-based models and emphasize ap-
proaches needed to improve the modeling of HAB responses to climate
change including the use of ensemble approaches, scenario planning,
and down-scaling of global climate models to coastal zones where HABs
commonly occur. Finally, the authors evaluate HAB models with long-
term observations and make suggestions for how the research com-
munity might move forward in developing more robust models to
project climate change impacts on HABs and to assess long-term trends
associated with climate change.

Lastly, Griffith and Gobler (2020) explore how warming, acidifica-
tion, deoxygenation, and HABs may act and interact to impact aquatic
organisms, both today and in the future. The paper demonstrates that
while studies of the effects of HABs or individual climate change
stressors on aquatic life have been relatively common, studies assessing
their combined impacts have been exceedingly rare (n~10). Those
doing so have often reported strong species- and strain-specific inter-
actions between HABs and climate change co-stressors, yielding
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outcomes for aquatic organisms that could not have been predicted
based on investigations of these factors individually. The paper pro-
vides an ecological and physiological framework for considering HABs
as a climate change co-stressor and considers the consequences of their
combined occurrence for coastal animals.

This Special Issue on Harmful Algal Blooms and Climate Change is,
of course, not the first nor final word on this topic. The collection of
papers presented here do summarize the current state of knowledge on
this subject and, more importantly, provide direction for future ap-
proaches to better understand how climate change will affect HABs and,
in turn, effect coastal communities. The substantial effects of climate-
driven changes on coastal ecosystems, including the intensification of
HABs, are becoming increasing clear. Advances in the understanding
and prediction of HABs in a changing world will be needed to formulate
plans that minimize their impacts on coastal ecosystems, animals, and
human communities.

This special issue was made possible with on-going support from the
SCOR and IOC/UNESCO Global Harmful Algal Blooms (GlobalHAB)
Program. GlobalHAB is an international scientific program on harmful
algal blooms (HABs). It is aimed at fostering and promoting co-opera-
tive research directed toward improving the understanding and pre-
diction of HAB events and providing scientific knowledge to manage
and mitigate their impacts against the background of global changes in
climate and increased anthropogenic pressures on aquatic ecosystems.
Climate change is one of the major topics being investigated and sup-
ported by GlobalHAB and this special issue contributes to the im-
plementation of the program.
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ARTICLE INFO ABSTRACT

This review assesses harmful algal bloom (HAB) modeling in the context of climate change, examining modeling
methodologies that are currently being used, approaches for representing climate processes, and time scales of
HAB model projections. Statistical models are most commonly used for near-term HAB forecasting and resource
management, but statistical models are not well suited for longer-term projections as forcing conditions diverge
from past observations. Process-based models are more complex, difficult to parameterize, and require extensive
calibration, but can mechanistically project HAB response under changing forcing conditions. Nevertheless,
process-based models remain prone to failure if key processes emerge with climate change that were not
identified in model development based on historical observations. We review recent studies on modeling HABs
and their response to climate change, and the various statistical and process-based approaches used to link global
climate model projections and potential HAB response. We also make several recommendations for how the field
can move forward: 1) use process-based models to explicitly represent key physical and biological factors in HAB
development, including evaluating HAB response to climate change in the context of the broader ecosystem; 2)
quantify and convey model uncertainty using ensemble approaches and scenario planning; 3) use robust ap-
proaches to downscale global climate model results to the coastal regions that are most impacted by HABs; and
4) evaluate HAB models with long-term observations, which are critical for assessing long-term trends associated
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with climate change and far too limited in extent.

1. Motivation and background

Climate change is expected to affect the frequency, magnitude,
biogeography, phenology, and toxicity of harmful algal blooms (HABs)
(Moore et al., 2008; Hallegraeff, 2010; Anderson et al., 2015; Wells
et al., 2015). Projecting likely responses of HABs to climate change is
critical for informing the development of societal response strategies to
mitigate their impacts and requires development and application of
various types of models. Models used to project HAB response range
from simple conceptual exercises to complex, highly resolved dyna-
mical systems (Anderson et al., 2015). Regardless of model complexity,
their efficacy depends on how well fundamental physical, biological,
and biogeochemical processes are represented, as well as the ability to
prescribe accurate initial conditions (i.e., model starting conditions)
and model forcing at boundaries (i.e., time series of external variables
essential to run the model). The challenges associated with representing
physical and biological processes important for HAB development and
prescribing accurate forcing vary greatly by region, HAB species, and
time horizon, and inevitably introduce some level of uncertainty in
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E-mail address: dralston@whoi.edu (D.K. Ralston).
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model output. HAB scientists have struggled with how to address this
uncertainty, as the complexity and multitude of processes that influence
HAB response can be overwhelming (e.g., Wells et al., 2015). This
difficult conundrum of anticipating climate change effects but strug-
gling with how to evaluate potential HAB response has been described
as a “formidable predictive challenge” (Hallegraeff, 2010), and has
inhibited the development of actionable projections to increase resi-
lience to future HABs.

The term “harmful algal bloom” applies to a diverse subset of algae
that cause a variety of negative impacts when they bloom, including
human illness from eating contaminated food, drinking contaminated
water, or breathing harmful aerosols, fish kills, and environmental
degradation due to high biomass (Erdner et al., 2008). Major types of
HABs include toxin-producing pelagic diatoms (e.g., Pseudo-nitzchia),
dinoflagellates (e.g., Alexandrium, Pyrodinium, Gymnodinium, Dino-
physis, Karenia), and cyanobacteria (e.g., Microcystis, Nodularia); toxin-
producing benthic dinoflagellates (e.g., Gambierdiscus); fish-killing ra-
phidophytes (e.g., Heterosigma); and high-biomass events (e.g., Phaeo-
cystis, Ulva). Consistent with this diversity in HAB organisms, the
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expected HAB response to climate change is also diverse. The sensitivity
and even the sign of the response of HABs to climate change may vary
depending on the organism and the setting. For example, increased
temperature may increase growth rates of organisms that are currently
at the poleward limit of their thermal habitat at a particular location,
but may also result in some locations becoming too hot to support
growth (e.g., Kibler et al., 2015).

A number of in-depth reviews of climate change impacts on HABs
identify a range of potential responses to environmental factors in-
cluding warming temperature, increased stratification, altered nutrient
availability and composition, light intensity, and ocean acidity (Moore
et al., 2008; Hallegraeff, 2010; Anderson et al., 2015; Wells et al.,
2015). HAB response may also depend on how climate change will
affect zooplankton grazers or microbial pathogens that limit their
growth, which is particularly difficult to characterize since grazer ac-
tivity may also respond to the same changes in environmental factors
that determine HAB response and are also likely to be regionally spe-
cific (Wells et al., 2015). Many of the projected responses of HABs to
changing environmental factors rely primarily on theory or laboratory
studies that isolate particular organisms or processes. The derived rates
and responses from these culture studies do not always correspond with
those observed in the field, potentially reflecting variation among iso-
lates, effects of competition, and/or interactions among factors that
occur in the environment (Fu et al., 2012; Wells et al., 2015). Conse-
quently, these interactions are typically not well parameterized in HAB
models, if they are included at all. This may lead to greater uncertainty
in model projections if interactions emerge or become more important
to HAB formation in the future as a result of changing climate condi-
tions.

Directly linking changes in observed HAB distribution, frequency, or
intensity to shifts in climatic forcing remains difficult (Moore et al.,
2008; Wells et al., 2015), but examples are emerging as time series of
observations accumulate. Identifying HAB responses (or lack thereof) to
anomalous climate events or natural climate cycles provide the best
opportunities for formulating hypotheses as to how HABs might re-
spond to climate change (Trainer et al., 2019 this special issue). For
example, anomalously warm water associated with the 2014-16
northeast Pacific marine heatwave was associated with an intense,
widespread Pseudo-nitzschia bloom along the U.S. West Coast beginning
in spring 2015 that may have been fueled by the combination of higher
growth rates at warmer temperatures and nutrients supplied by up-
welling (McCabe et al., 2016). Increased closures of shellfish harvesting
due to domoic acid from Pseudo-nitzschia and saxotoxin from Alexan-
drium were linked with anomalously warm sea surface temperatures off
the coast of Oregon during a positive phase of the Pacific Decadal Os-
cillation (PDO) and strong El Nifo event (McKibben et al., 2015). In the
Rias Baixas along the Northwest Iberian Peninsula, a decrease in up-
welling intensity over the past 40 years was linked to increased time
scales for flushing, which corresponded with increased Dinophysis oc-
currence and shellfish harvest closures (Alvarez-Salgado et al., 2008).
The frequency and magnitude of Pseudo-nitzschia blooms off the coast of
Southern California was linked to the PDO and more directly with the
North Pacific Gyre Oscillation (NPGO), but the correlations were weak
and exact mechanisms unclear (Sekula-Wood et al., 2011). Long time
series also reveal systems that are not responsive to climate regimes.
For example, warm water anomalies in Puget Sound (Washington State)
generated during El Nifio winters do not persist into the seasonal
window (summer and fall) when blooms of the dinoflagellate Alexan-
drium typically occur. Because of this mismatch in timing, no robust
relationship exists between levels of paralytic shellfish toxins in Puget
Sound shellfish and an index of the El Nino-Southern Oscillation
(ENSO) (Moore et al., 2010). The use of models prognostically to re-
present mechanistic links between climate and HABs enables some
hypotheses of HAB response to future climate change to be tested and
remains a research priority.

Most models used to project HAB response at climate time scales
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(i.e., decades to a century) were initially developed and applied over
shorter time scales (i.e., several days to a season) to provide hindcasts
or forecasts of present conditions. Other reviews have richly detailed
the current state of HAB modeling over shorter time scales (Glibert
et al.,, 2010; McGillicuddy, 2010; Flynn and McGillicuddy, 2018;
Franks, 2018), so modeling applications of present conditions will be
addressed here only in the context of how such models might be applied
to understand future conditions. As a simplification, most HAB models
can be characterized as being primarily statistical or process-based. Sta-
tistical models are developed from relationships between input and
response variables in observations. While they have proven effective for
hindcasts and near-term forecasts, the statistical relationships become
less predictable as forcing conditions shift outside the range of past
observations (Flynn and MecGillicuddy, 2018). Process-based models
may be more robust for projecting HAB response under novel en-
vironmental conditions, but this assumes that the dominant processes
remain unchanged under a different set of forcing conditions. Ad-
ditionally, models of response to climate change are dependent on the
ability to predict forcing conditions such as water temperature, wind
strength, or river discharge at spatial and temporal scales relevant to
the processes represented in the HAB model. The uncertainty in the
environmental conditions increases greatly with the time scale of
forecast, in part because of greater uncertainty in the global circulation
models (GCM) at longer time scales but also because the unpredict-
ability of human behavior becomes a greater factor. For example, re-
presenting the source of nutrients that might fuel a bloom or affect
toxicity could depend on resolving shifts in upwelling wind intensity or
hydrologic response to precipitation events from local watersheds, but
changes in land use or direct anthropogenic nutrient inputs may have
even greater effects on regional nutrient concentrations (Glibert et al.,
2010). The paucity of successful HAB models at even interannual time
scales and the uncertainties in predicting future environmental condi-
tions make extending meaningful projections to climate time scales
challenging.

This review examines the state of HAB modeling in the context of
climate change. We assess the key components of modeling HAB re-
sponse to climate change, starting with an overview of the HAB mod-
eling methodologies currently in use, reviewing studies that have ex-
amined HAB response to climate change, and offering
recommendations on how to move forward by incorporating ap-
proaches used in the broader climate and ecosystem modeling com-
munities. Considerations include the spatial resolution, time horizon,
and forecast accuracy of HAB models developed in the present climate,
representation of future forcing conditions that govern bloom devel-
opment and transport, and an assessment of whether the models de-
veloped and calibrated under present forcing conditions can adequately
represent future response, or if additional factors might emerge to
dominate bloom dynamics.

2. Modeling HABs in the present climate

Most HAB models currently in use for present climate conditions
focus on either hindcasts in process studies or near-term (a few days to
seasonal) forecasts for operational and management uses. These ex-
isting HAB models are the most likely bases for projecting future re-
sponse to climate change. They use a wide range of methodologies, in
part reflecting the diversity of HAB species, the availability of data for
model forcing or calibration, and differences in motivation for model
development. Here we broadly classify HAB models as those that apply
statistical (or empirical) techniques, process-based formulations, or
merge multiple approaches (i.e., hybrid models). The categorizations
are not meant to be rigid. Other key model attributes could instead be
used to distinguish methodologies, such the level of complexity from a
single organism to full ecosystem, the degree of spatial and temporal
resolution, the time scales of simulation (event, seasonal, interannual,
or longer), and whether models are diagnostic hindcasts or prognostic
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forecasts. Nevertheless, we find our categorization of the current
modeling approaches facilitates thinking about how each of the meth-
odologies might be adapted to assess HAB response to climate change.
A brief summary of the modeling studies reviewed here is given in
Table 1, including this categorization, HAB organism, geographic re-
gion, and model type and time scales.

2.1. Statistical models

Statistical models use observations to relate key forcing variables
(e.g., a nutrient concentration, temperature, upwelling wind index, or
time of year) to relevant measures of HABs (e.g., the timing of HAB
events or the abundance, toxicity, and spatial distributions of HAB
species). A wide range of forcing variables are typically considered
during model development, some of which may be interrelated (e.g.,
temperature and time of year, salinity and river discharge). While the
choice of forcing variables is often guided by our understanding (the-
oretical or empirical) of the underlying physical and biological pro-
cesses, statistical models do not attempt to represent those processes
directly, only the cumulative effects of them. Statistical models require
extensive observations to develop robust relationships between forcing
variables and HAB response. As such, some of the most compelling
examples come from regions with long records of HAB monitoring and
investigation. Examples include Pseudo-nitzschia and Dinophysis blooms
off the Iberian Peninsula and Ireland (Raine et al., 2010; Cusack et al.,
2015; Diaz et al., 2016), Pseudo-nitzschia off the U.S. West Coast
(Anderson et al., 2009; Lane et al., 2009), Alexandrium in Puget Sound
and the U.S. Northeast (Moore et al., 2009; Ralston et al., 2014), Kar-
enia in the Gulf of Mexico (Stumpf et al., 2009), and multiple HABs on
the Northwest European Shelf and in Chesapeake Bay (Anderson et al.,
2010; Brown et al., 2013). Statistical models are typically used in
hindcasting, but may provide nowecasts if real-time observations of
forcing variables are available or limited forecasts if lags are built in to
the model. Alternatively, output from operational physical models can
be used in place of observations to provide input for statistical models,
enabling near-term forecasts of HABs. A wide variety of statistical ap-
proaches have been used to model HABs in the present climate, ranging
from simple linear regressions to more complex analyses using artificial
neural networks, fuzzy logic, or Bayesian inference. Here, we highlight
a few approaches that have been used to predict the timing and dis-
tribution of HABs.

Statistical analysis of observational data sets that record HAB re-
sponse to changes in environmental forcing at climate-relevant time
scales can be informative for identifying forcing variables that are cli-
mate sensitive. Past performance is no guarantee of future results, but
multi-decadal observations provide evidence at time scales relevant to
climate change of HAB variation with forcing conditions. For example,
in Puget Sound (Washington State), optimal conditions for Alexandrium
catenella blooms — warm air and water temperatures in combination
with low river discharge and wind speed — have become more common
over the past 30 years, as have the frequency and duration of toxic
blooms (Moore et al., 2009). In many cases, identification of a “window
of opportunity” with increased risk for bloom development and toxin
accumulation, and potential alterations to that window of opportunity
with climate change, is a primary goal of HAB modeling rather than
representing specific events or the phytoplankton community. Another
example is a study of a 30-year record of Dinophysis acuta in the rias of
northwest Spain that used a general additive model (GAM) based on
upwelling intensity, thermocline depth, tidal range, and inoculum
strength to predict cell abundances. The analysis did not find evidence
for increasing trends in bloom frequency or intensity, nor clear re-
lationships to long-term climate indices like the North Atlantic Oscil-
lation (NAO) (Diaz et al., 2016). The study did, however, find that an
exceptional bloom in 1989-1990 appeared to be associated with high
positive anomalies in sea surface temperature (SST) and the NAO index.
That analysis did not extend their GAM to climate time scales. To do so
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effectively, a GCM would need to represent the combination of up-
welling and solar heating that are ideal for HAB development. These
ideal physical conditions occur relatively briefly and infrequently, and
remain challenging to reproduce in finer scale regional models that
would be needed to adequately represent the blooms (Ruiz-Villarreal
et al., 2016).

Forcing variables that represent dominant physical and biogeo-
chemical processes can serve as the basis for forecasting the timing of
HABs. For example, in southwestern Ireland, stratified, wind-driven
circulation during summer months can bring harmful Dinophysis spp.
from the continental shelf into coastal embayments where they can
cause toxic events (Raine et al., 2010). A simple model based on the 5-
day weather forecast for cross-shore wind and time of year was used to
predict Dinophysis import events and Diarrheic Shellfish Poisoning
(DSP) toxicity, and these model results were used to guide near-term
shellfish resource management. In Monterey Bay (California), a logistic
regression model incorporating multiple forcing factors including time
of year, chlorophyll, silicic acid, water temperature, upwelling index,
river discharge, and nitrate was developed from 8 years of observations
and used to predict the probability of Pseudo-nitzschia blooms (Lane
et al., 2009). Similarly, Pseudo-nitzschia blooms off the coast of Ireland
were linked to upwelling, and a statistical model using a wind index,
water temperature, and recent cell densities helped predict the timing,
but not intensity, of bloom events (Cusack et al., 2015).

Statistical models that spatially resolve forcing variables can pro-
vide information on HAB distribution based on habitat suitability for
the causative organism. For example, a regression model using satellite
ocean color and sea surface temperature (SST) detected 98 % of toxic
Pseudo-nitzschia blooms in Santa Barbara Channel (California) with less
than 30 % false positive cases (Anderson et al., 2009). In Lake Erie,
satellite imagery of Microcystis spp. bloom extent was correlated with
river discharge and nutrient loading, and could be used to generate a
seasonal forecast because of the several month lag between input
variables and bloom response (Stumpf et al., 2012). In northwest Spain,
the presence or absence of Pseudo-nitzschia blooms in several coastal
embayments was linked to location, day of year, temperature, salinity,
upwelling index, and, most importantly, recent bloom occurrence using
a support vector machine, which is a common machine-learning algo-
rithm (Gonzalez Vilas et al., 2014). In Chesapeake Bay, a Generalized
Linear Model (regression-based approach allowing for both Gaussian
and non-Gaussian distributions) was developed with 22 years of cell
abundance data and used to make hindcast maps of Pseudo-nitzschia
bloom probability based on factors including time of year, temperature,
salinity, nutrients (phosphate, nitrate, silicic acid), river discharge,
dissolved organic carbon, and Secchi depth (Anderson et al., 2010).
Another approach in Chesapeake Bay used output from a physical
model as input for empirical habitat suitability models to make near-
term forecasts of HAB occurrence (Brown et al., 2013). The meth-
odologies (neural network or logistic regression) and input variables
(time of year, temperature, salinity, chlorophyll, nutrients, Secchi
depth, total suspended solids, dissolved oxygen) for the habitat models
varied for the three HAB species (Karlodinium veneficum, Prorocentrum
minimum, and Microcystis aeruginosa) modeled. This approach relied on
both physical model results and extensive HAB observations for de-
velopment of the empirical model.

2.2. Process-based models

Process-based (or mechanistic) models use mathematical equations
to explicitly simulate key physical and biological processes that govern
HABs and HAB outcomes. Their development requires detailed knowl-
edge of critical life history characteristics and the factors that modulate
them as well as transport pathways. As such, they require large amounts
data to represent the many processes in the system and can be limited
by their parameterizations of rates of growth, mortality, mobility, toxin
production, and other key processes that are typically derived from
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simplified laboratory studies of isolated strains. In situations where
observational or laboratory data are limited, process-based models in-
stead may be informed by data on similar organisms or may be limited
to focusing on a subset of processes that are particularly important to
bloom dynamics. Because process-based models are more comprehen-
sive than statistical models, they take more time and effort to develop
and are more computationally expensive to run. Process-based models
can be difficult to constrain given the nonlinearity and intermittency of
HABs, but they are usually more transferable across regions because of
their explicit representation of physical and biological processes.

In systems where transport processes are negligible, models based
only on biological processes have utility. For example, in Nauset
Estuary on Cape Cod (Massachusetts), a small embayment with limited
exchange and long residence times, interannual variability in timing of
A. catenella blooms was reproduced with a simple model based tem-
perature-dependent growth rates (Ralston et al., 2014). In contrast, for
many HABs physical transport provides the dominant control on bloom
distribution. For these cases a common approach is to use velocity fields
from a circulation model to advect particles that are representative of
the HAB. For example, the accumulation of Dinophysis acuminata in the
Bay of Biscay at temperature and salinity gradients associated with
river plumes, and subsequent dispersion of the bloom by winds and
tides, was well represented by passive particle tracking and circulation
model hindcasts (Velo-Suérez et al., 2010). A passive particle tracking
approach was also used in a forecast system for Dinophysis for the rias
(drowned river valleys) of the northwestern Iberian coast (Ruiz-
Villarreal et al., 2016). Particle tracking similar to that used for oil spills
was used for a Microcystis aeruginosa bloom in western Lake Erie by
linking satellite ocean color observations and a hydrodynamic model,
and importantly the study included quantitative skill assessment of the
predictions relative to persistence, or no influence of transport on the
bloom (Wynne et al., 2011).

More commonly, both physical and biological processes play im-
portant roles in HAB development and they cannot be treated in-
dependently. Individual-based models (IBMs), like passive particle
tracking, can be run within a circulation model or offline using model
output to represent advection by currents, but IBMs also can in-
corporate biological processes specific to the organism of interest. For
example, an IBM with growth dependent on temperature, mortality
dependent on shear and population density, and phototaxic vertical
migration was used to hindcast Karenia mikimotoi blooms along coastal
Scotland (Gillibrand et al., 2016). Results showed a strong dependence
on bloom source region and uncertainty in the biological rate para-
meters, making the model less practical for forecasts. In the Gulf of
Mexico, an IBM of Karenia brevis that included vertical migration based
on internal nutrient ratios was used to identify potential source regions
by running simulations backwards in time (Henrichs et al., 2015).

Rather than IBMs, HAB growth, mortality, and redistribution can
also be represented as cell concentrations within circulation or bio-
geochemical models. For example, a model of A. catenella that re-
presents cyst germination, growth dependent on temperature, salinity,
nutrients, and light, and mortality has been used in diagnostic hindcasts
and operational forecasts in the Gulf of Maine (Stock et al., 2005; Li
et al., 2009), and a related model that also imposed diel vertical mi-
gration was used to simulate A. catenella in an estuary (Ralston et al.,
2015). Those models treated the HAB as independent of the broader
plankton community by simulating only the species of interest and
prescribing the nutrient field based on observations rather than having
it evolve dynamically. A more complete ecosystem, biogeochemical,
and circulation model of the northwest European shelf incorporated
multiple phytoplankton, zooplankton, and bacteria functional groups
and benthic-pelagic coupling to simulate high biomass events, pro-
viding predictions after calibration to satellite ocean color (Allen et al.,
2008).

In general, the many biological processes that contribute to HAB
development remain poorly defined and present major sources of
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uncertainty in process-based models. Passive particle tracking models
ignore this and IBM or Eulerian-based hindcasts typically calibrate
model parameters within acceptable ranges that optimally correspond
to observed blooms. However, models used to generate forecasts that
have operational utility cannot rely on retrospective calibration, and so
many adopt hybrid approaches that use physical models to predict
transport processes along with empirical models to integrate biological
response. For example, near-term forecasts for Pseudo-nitzschia in
Bantry Bay in southwest Ireland were based on the combination of a
passive particle tracking model to represent cross-shore advection by
upwelling, a circulation model, satellite observations, and in-situ sen-
sors to characterize local water properties, and recent toxicity reports
(Cusack et al., 2016). Similarly, transport of Pseudo-nitzschia from for-
mation regions offshore to the coast depending on upwelling or re-
laxation along the Pacific Northwest coast of the U.S. was simulated
with particle tracking, and the rate of false positives for toxicity events
was reduced by incorporating thresholds for overall phytoplankton
abundance from an ecosystem model (Giddings et al., 2014). A hybrid
approach using satellite SST and ocean color along with particle
tracking was used to explain accumulations of Karenia spp. in the
eastern Gulf of Mexico (Stumpf et al., 2008), although bloom forecasts
are based primarily on satellite data (Stumpf et al., 2009). Satellite
algorithms for bloom identification are important components of many
hybrid systems for early warning, using either overall levels of chlor-
ophyll-a (Stumpf et al., 2008; Cusack et al., 2016) or specific spectral
response like for Microcystis in Lake Erie (Stumpf et al., 2012). The
utility of satellite data in hybrid models depends on the HAB, as for
example in Europe it was found to be useful for early warning of Kar-
enia mikimotoi and Lepidodinium chlorophorum but not Dinophysis
(Maguire et al., 2016).

3. Modeling HABs in a changing climate - what has been done?

Projecting HAB response to climate change involves extending the
simulation period of existing HAB models to decades, centuries, or
potentially paleo time scales for retrospective climate analyses. Data
describing future forcing conditions can be obtained from GCM simu-
lations and used as input variables to HAB models. GCMs forecast ocean
circulation and water properties under future climate scenarios in-
formed by various greenhouse gas concentration trajectories. These
scenarios describe a range of possible futures based on greenhouse gas
emissions, economic development, population growth, and other fac-
tors. The output generated by GCMs quantify changes in physical and
biogeochemical conditions and can be combined with statistical re-
lationships from past observations to project changes in HABs.
Additional model layers to represent climate change effects outside of
the ocean, such as watershed hydrology or land use, can also be in-
tegrated. This offers a relatively simple approach for examining climate
impacts on HABs, but statistical models become increasingly error-
prone when projecting into conditions different from the training data
set (Flynn and McGillicuddy, 2018). This is because the statistical re-
lationships may represent the cumulative effect of multiple processes or
interactions that cannot be extrapolated, and also because thresholds or
tipping points that were not identified or characterized by prior ob-
servations may be exceeded in the projections. Process-based models
are less prone to these potential issues, but they represent only a portion
of the physical and biological complexity due to computational con-
straints and data limitations, and so even process-based models vali-
dated under present conditions may not simulate many of the hy-
pothesized responses to climate change. Here we discuss some of the
approaches for using statistical and process-based HAB models to pro-
ject HAB response to climate change. The different approaches vary in
complexity in terms of how many forcing variables are considered and
how they are derived.
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3.1. Statistical models

A statistical modeling approach was used to link HAB observations
in Puget Sound (Washington State) with physical observations and
climate model forecasts to evaluate long-term shifts in environmental
conditions favorable for blooms (Moore et al., 2011). Based on a 15-
year record of paralytic shellfish poisoning toxins in shellfish tissues, A.
catenella blooms were associated with warm air and water tempera-
tures, low streamflow, weak winds, and small tidal height variability.
The relationship was extrapolated back in time using observations of
the forcing variables, and the annual window of favorable environ-
mental conditions for A. catenella was found to have increased from
1967 to 2006, with two step-like increases occurring in 1978 and 1992
when higher annual values were attained compared to previous years.
The 1978 step change may have been related to the reversal of the
Pacific Decadal Oscillation (PDO) from cool to warm phase in 1977.
The 1992 shift did not directly correspond with regional climate in-
dices, and a lagged response to a regime shift to warmer summer SST off
the Washington coast in 1989 could not be distinguished from natural
variability. Projections of the statistical relationship using output from
a GCM indicated that by the end of the 21* century, the duration of
favorable environmental conditions for A. catenella would increase by
about 2 weeks annually on average (Moore et al., 2011).

Another statistical approach to climate response defined habitat
zones for the shelf sea of northwest Europe based on temperature,
salinity, depth, and stratification from regional climate projections,
finding a general northward shift in HAB species composition (Townhill
et al., 2018). Species distribution modeling based on current distribu-
tions was projected forward using a maximum entropy approach for
multiple HAB species. On the shelf, Dinophysis acuta and Gymnodinium
catanatum had the greatest northward shift of 200—500 km by 2055,
while optimal habitat suitability for three species (A. ostenfeldii, A.
minutum, and P. australis) shifted southward. The southward shift was
attributed to factors in addition to temperature change, including how
the regional bathymetry affects habitat suitability.

Models of HAB response have also been coupled to models of future
changes in freshwater or nutrient delivery from rivers, which are often
not resolved in global models. For example, a Bayesian network model
was used to link GCM results with process-based models of watershed
hydrology and a lake ecosystem model to project climate impacts on
cyanobacteria biomass in Lake Vansjg (Norway) (Moe et al., 2016). The
Bayesian approach allowed assessment of multiple land use scenarios
and incorporation of monitoring data and expert knowledge in the
probabilistic links between nodes. Results suggest that the benefits of
better land-use management were partly counteracted by future
warming.

3.2. Process-based models

Temperature is a keystone parameter of climate change, and
warming of the sea surface is apparent in many regions in observational
records from satellites and in-situ measurements. Because temperature
is a strong determinant of growth, changes in temperature can be used
to approximate changes in potential growth rates of HAB organisms.
Warmer waters may already be affecting bloom dynamics. For example,
sea surface temperature records from 1982 to 2016 were combined
with laboratory-based growth rates for A. catenella (fundyense) and D.
acuminata (Gobler et al. 2017). In the North Atlantic, calculated mean
growth rates increased by about 0.01 d ! over the study period and the
duration of favorable growth conditions increased by 2-3 weeks. In the
North Pacific trends were less clear, but some regions (the Salish Sea
and coastal Alaska) were identified as having increasingly favorable
growth conditions and HAB prevalence.

Temperature is an important forcing variable in nearly every HAB
model of climate response reviewed here. A number of studies use
projected changes in sea surface temperature at certain locations to
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approximate changes in growth rates and identify expansions (or con-
tractions) of optimal growth windows for HAB organisms. The windows
are defined as the number of days each year when temperatures are
projected to be within thresholds that support optimal growth (e.g.,
Moore et al., 2008). For example, an ensemble of GCM projections were
used to quantify changes in temperature-dependent growth rates of
Gambierdiscus and Fukuyoa species, dinoflagellates associated with ci-
guatera fish poisoning (CFP), at six sites in the Gulf of Mexico through
the end of the 21* century (Kibler et al., 2015). The results suggest
increased abundance and diversity of Gambierdiscus spp. and greater
CFP risk in the Gulf of Mexico, but a shift in the species composition at
higher temperatures suggests lower overall risk in the Caribbean. A
similar ensemble approach was used to calculate shifts in the timing of
temperature growth windows for A. catenella and Vibrio spp. bacteria in
Puget Sound and Chesapeake Bay, with the A. catenella bloom period
predicted to start 1 month earlier and end 1 month later (Jacobs et al.,
2015). In addition to changes in bloom timing, the study identified
geographic shifts in optimal temperature zones along coastal Alaska for
Vibrio, which while not a HAB, presents a methodology that could be
applied in HAB studies to examine potential latitudinal shifts in species
distribution without directly simulating HAB dynamics.

Potential shifts in the timing of optimal growth windows as well as
the spatial distributions of HABs can be evaluated by utilizing spatially
resolved information on future forcing conditions from GCMs or re-
gional models of climate change rather than projections at a single lo-
cation. For example, in Puget Sound, regional scale atmospheric, ocean,
and hydrologic models were combined to represent multiple potential
influences on optimal temperature (and salinity) windows for growth of
A. catenella (Moore et al., 2015). Comparing model results for circa-
1990 and circa-2050, atmospheric heating was projected to increase the
duration of favorable growth conditions by 30 days per year with the
biggest increases in HAB-favorable conditions occurring in the North
Basin and Strait of Juan de Fuca. Changes in the timing and magnitude
of river discharge and upwelling on temperature and salinity were
found to have less effect on calculated growth rates. The study did not
address potential changes in nutrient loading due to upwelling or an-
thropogenic sources.

In addition to HAB growth rates, warming temperature may also be
expected to increase growth rates of some grazers that prey on HAB
species, including zooplankton, benthic invertebrates, and fishes.
Moreover, predator-prey interactions and the response to changing
environmental conditions are more complex than species growth rates,
as changes in the distribution, abundance, community composition,
toxicity, and nutritional quality of HAB species may all depend on
temperature and can affect the relative balance of growth rates and loss
from predation, and thus bloom development (Wells et al., 2015). Re-
presenting quantitatively the many factors contributing to effects of
predation on HAB growth and decline, including temperature, remains
a major challenge for process-based models in both current and climate
change scenarios. To this point, most of the modeling of temperature
impacts has focused on HAB growth rates alone rather than assessing
the potentially differential responses of grazers and prey.

The above examples directly link changes in temperature to tem-
perature-dependent growth rates of HAB organisms to examine changes
in bloom timing and spatial distribution. Some other examples also
consider salinity, but the relatively small changes in salinity projected
in the study regions meant that the growth responses were primarily
driven by changes in temperature. Nutrients are another forcing vari-
able that strongly determine growth rates and toxicity of HAB organ-
isms and are projected to be altered by climate change. For example, a
model of the mixotrophic dinoflagellate Karlodinium veneficum and its
algal prey, Rhodomonas salina, was used to simulate growth under
various temperature and nutrient stoichiometry scenarios (Lin et al.
2018). While these scenarios were not directly linked to GCM output of
future climate change scenarios, they were informative of future HAB
response and suggest that warmer, wetter springs combined with
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increased nitrogen inputs to Chesapeake Bay may be more favorable to
HAB development. In contrast, GCM output was used as boundary
conditions for a coupled oceanographic and biogeochemical model with
four classes of phytoplankton, three for zooplankton, one for bacteria,
nitrogen and phosphorous in different forms, and benthic mineraliza-
tion on three regional grids at 1/10-degree resolution to assess condi-
tions for Prorocentrum and Karenia spp. around 2100 (Glibert et al.,
2014). The study defined regions of suitable habitat or propensity for
toxicity based on temperature, salinity, and nutrients for two time
slices: the period 1980-1990 for the present day and 2090-2100 for the
future climate scenario. Model results showed expansion both spatially
and temporally of both species on the northwest European shelf and
northeast Asia, and relatively little change in southeast Asia.

4. Modeling HABs in a changing climate — what should be done?

The fact that relatively few modeling studies quantitatively project
how climate change may affect the distribution and abundance of HAB
populations or toxicity is symptomatic of the challenges associated with
this important task. Challenges associated with understanding the
biological response of HABs to climate change, as well as suggestions
for best practices that should be employed to address them, are dis-
cussed in Wells et al. (2015); however, little attention was given to the
modeling infrastructure needed to project HAB response to climate
change. Generating useful projections of HAB response to climate
change will require engagement with other communities that can help
refine the representation of future conditions in HAB models, including
climate scientists, marine ecologists, watershed hydrologists, invasive
species biologists, and environmental managers and policy makers
(Glibert et al., 2010). Here we offer several suggestions to improve
modeling of HABs in a changing climate, schematically summarized in
Fig. 1.

4.1. Use process-based models

Even though there are challenges associated with uncertainty in
model parameterizations, nonlinear feedbacks, and computing power,
process-based models have distinct advantages over statistical ap-
proaches for projecting impacts of climate change on HABs. In many
cases, data limitations initially hinder development of process-based
models for emergent HABs or regions without many observations, and
so statistical models can be extremely important in the diagnosis of
bloom mechanisms and development of process-based models.
Statistical models are often well suited for shorter-term projections and
management applications, particularly when the models incorporate a
dominant influence of periodic forcing like from ENSO or PDO.
Importantly for climate change response, process-based models ex-
plicitly represent physical and biological mechanisms involved in HAB
development, and so they are less likely to lose validity when forcing
variables are applied that extend outside of periods of historical ob-
servation. Incorporating multiplicative effects of changes in tempera-
ture, nutrient availability, or stratification (among other factors) into
process-based HAB models requires focused, process-oriented field or
laboratory studies that record organism response beyond just abun-
dance, ideally in the context of the ecosystem response rather than just
for individual strains (Flynn and McGillicuddy, 2018). Changes in HAB
severity will depend on the cumulative effects of factors including
differential responses of predators and prey, changing nutrient avail-
ability, and shifts in transport patterns rather than a simple parameter
dependence from on lab studies. Circulation models can be directly
coupled with ecosystem models to simulate projected physical and
biogeochemical changes at climate time scales. This approach is in-
trinsic to many earth system models that have been used to examine
changes in ecosystem and nutrient dynamics globally and regionally
using various downscaling methods. For HAB models, the limited un-
derstanding of complex predator-prey interactions and competition
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among classes within the ecosystem limit our ability to parameterize
process-based models (Wells et al., 2015), and should be a focus of
future research.

Process-based models are typically more complex than statistical
models. The introduction of additional processes and parameters may
improve model fit, but can also reduce predictive skill if not based on a
robust representation of the underlying processes (Bell and Schlaepfer,
2016). Regime shifts, in which the dominant processes or forcing
variables controlling bloom development change in large, abrupt, and
persistent ways, are particularly challenging to model, and additional
complexity may increase variability in the results without incorporating
the relevant combination of stressors leading to the regime shift, par-
ticularly if the model is not validated with data independent from the
training region and forcing conditions. HAB models used to assess cli-
mate impacts should be rigorously evaluated to identify model para-
meters that most sensitively determine model outcomes, and this
should guide efforts to simplify complex models and to focus laboratory
and field studies to refine the uncertainty in those key parameters
(Flynn and McGillicuddy, 2018). The development of process-based
models requires parallel efforts of laboratory and observational studies
to refine key rate parameters and process dependencies, including the
effects of changes to multiple forcing factors changing simultaneously.
The applicability of process-based models is predicated on validation
across a broad set of forcing conditions, and so data collection is par-
ticularly critical for in developing models for HABs in regions that have
a sparse history of monitoring and research. Statistical approaches
should continue to play an important role in HAB modeling, particu-
larly for resource management and public health protection over event
to seasonal time scales, but extending statistical models to predict cli-
mate change response has limited merit.

4.2. Use an ensemble approach

An ensemble approach can be used to address the uncertainty that is
introduced to long-term projections of HAB response from a wide range
of sources, including HAB or ecosystem model parameterizations,
variability in the climate model forcing (GCM selection, emissions
scenario, downscaling approach), and the stochastic response of non-
linear physical-biological interactions within the model system. An
ensemble approach considers multiple model scenarios to quantify how
different choices of key input factors, and potentially within the model
formulation as well, affects the uncertainty in model projections. The
selection of scenarios to use in an ensemble approach depends on the
particular application and available resources, but sensitivity testing
based on a subset of potential cases can be used to identify components
of the model system that are particularly important sources of un-
certainty in the long-term response. The central tendency (or “most
likely” scenario) of the ensemble might be the focus of analysis and
reporting on the modeling, but it may also be informative to select
scenarios that encompass the full range of possible future outcomes.
The process used to develop the scenarios and the sensitivity to various
model aspects within the ensemble provide critical context for inter-
preting the results and for guiding future research efforts to minimize or
mitigate model uncertainty.

HAB models constitute a small subset of the broader array of ocean
biogeochemical models, so models representing similar processes can
provide context for assessing climate change response. A common ap-
proach is to couple global or regional circulation models with bio-
geochemistry models of varying complexity to project ecosystem re-
sponse under future climate forcing. The ecosystem response depends
both on the circulation model and the biogeochemical formulation, so
generally an ensemble approach evaluating multiple, independent
models with the same set of forcing conditions provides critical context
for evaluating model results. For example, a study using six climate
model simulations along with an empirical model for predicting
chlorophyll from physical model fields projected a global increase in
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Fig. 1. Schematic diagram summarizing considerations for im-
proving modeling of HAB response to climate change. Multiple
global earth systems models, emissions scenarios/relative con-
centration pathways, and downscaling approaches should be
considered in an ensemble approach to generate downscaled climate
and ocean model output. Downscaling is necessary to resolve cri-
tical physical and biogeochemical processes for HAB development
at coastal scales. These downscaled data should be used to force
process-based models of HAB response with the results considered in
an ecosystem context. Models should be evaluated with long-term
observations. This step can be informative for selecting global
models, identifying biases in downscaled model projections, and
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primary productivity of 0.7-8 % in response to warming over the 21°
century (Sarmiento et al., 2004). In contrast, analysis of four coupled
climate-carbon cycle models projected a global decrease in primary
productivity of 2-20 % (Steinacher et al., 2010). The differences be-
tween the results were attributed to differences in the biological model
formulations, in that nutrient availability was incorporated in the
coupled model but not directly in the empirical approach. Both studies
found large regional variability in the response to climate change, as
well as regional differences in the agreement among the ensemble
members. Model skill varied regionally depending on the model, so
appropriately weighting the ensemble members based on their skill
regionally can provide a better solution than a simple average of en-
semble members, and quantifying the inter-model variation provides a
valuable measure of the uncertainty in the region of interest (Steinacher
et al., 2010; Stock et al., 2011). Evaluation of model skill for ecosystem
response requires long-term observations, as discussed in greater detail
below. For chlorophyll, identifying observational declines at both re-
gional and global scales required using Secchi depth measurements
spanning more than 100 years because fluctuations in chlorophyll at the
interannual to decadal time scales were sufficiently large that long-term
trends were not robust over the ~ 30 years of satellite data (Boyce et al.,
2010).

Modeling studies of climate impacts on HABs have typically ex-
amined responses at time scales of 50-100 years (e.g., Moore et al.,

societal response strategies.

2008; Glibert et al., 2014; Townhill et al.,, 2018), as this is when
greenhouse gas concentration trajectories associated with the different
potential futures diverge and high emission scenarios become distin-
guishable from natural variability. Yet for management and public
policy decisions, characterizing changes in HAB risks at shorter time
scales (i.e., decadal) may be more critical. For physical models, pro-
jection of climate response at decadal time scales remains a major
challenge (Zhang and Kirtman, 2019). At decadal time scales, both
external forcing and internal ocean response can be dominated by
noise, making model response unpredictable. Internal climate varia-
tions like ENSO, AMO, or PDO may dominate responses of key climate
variables like upwelling strength or river discharge, particularly at
decadal time scales, swamping trends at century time scales that are
more robustly represented across the suite of climate models. Climate
predictability at decadal time scales varies regionally with the local
modes of internal variability, such that some regions have greater
predictability (North Pacific, North Atlantic, Southern Ocean) than
others (tropical Pacific) (Zhang and Kirtman, 2019). An understanding
of the regional predictability of climate model, including variation
among models, is particularly important for HAB models that are ty-
pically only simulating regional scales at decadal time scales.

Using validation and sensitivity testing to understand uncertainty in
HAB models, in addition to the uncertainty in projections of the phy-
sical and biogeochemical conditions, is a critical step prior to projecting
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HAB response to climate change. HAB models of present conditions
need to include more thorough assessments of model uncertainty, with
ensemble sensitivity studies or more formal means like Bayesian models
that incorporate uncertainty estimates in the results (Anderson et al.,
2015), as the uncertainty compounds when run in climate forecast
scenarios. HAB model failures also are instructive particularly in the
context of potential regime shifts with climate change when major
shifts in forcing conditions are not adequately represented in the model
setup, as with anomalous conditions that affected Alexandrium in the
Gulf of Maine (McGillicuddy et al., 2011).

Scenario planning is becoming a popular approach for decision-
makers to address uncertainty in future projections and help prepare for
conditions that may be substantially different from current conditions
(Star et al., 2016). Scenario planning involves crafting stories about
how the world might turn out in the future, it is not about predicting
what will happen. Scenarios are developed around major uncertainties,
or what ifs, in how key parameters m ight change in the future. Scenario
planning can combine both quantitative and qualitative components,
and involve input from researchers as well as stakeholders. Working
through scenarios not only informs the development of societal re-
sponse strategies to deal with future HABs, but also helps to understand
how socioecological systems work and respond to HABs under current
climate conditions. Benefits from scenario planning include increased
flexibility to react quickly to a changing world, more thoughtful stra-
tegic planning and decisions, innovative ideas, early and broad risk
assessment, and increased ability to achieve a common vision (Star
et al., 2016). The use of scenario planning for evaluating HAB response
to climate change offers a path forward for addressing some of the
major uncertainties in biological responses identified in Wells et al.
(2015) while still providing actionable projections.

4.3. Use downscaled climate models

Global earth system models typically have spatial resolution too
coarse (nominally 1° for CMIP5 generation of climate models) to re-
present regional variability like tides, river inflows, coastal topography,
or water column structure in detail. Even high resolution global models
at 1/12° can’t resolve features at the scale of the baroclinic Rossby
radius (c;/f, where c; is the internal wave speed and f the Coriolis
parameter), which is relevant to coastal upwelling, frontal jets, and
buoyant plumes, in more than 90 % of the coastal ocean. To get to 70 %
coverage, 6 times higher resolution would be required (Holt et al.,
2017). Higher resolution regional circulation models provide better
model skill for resolving stratification and variability at seasonal time
scales, but linking regional scale models to forcing from GCMs requires
accounting for the coarse resolution and regional biases through
downscaling, bias corrections, and multi-model ensembles (Stock et al.,
2011). Resolving physical and biogeochemical processes at coastal
scales is critical for HAB modeling, as the HABs that have the greatest
impacts on fisheries, aquaculture, or through direct exposure typically
occur near the coast.

Downscaling from global models can be statistical or dynamical.
Dynamical downscaling provides physically consistent representations
of the dynamical system at higher resolution, but it is comparatively
expensive to setup and run the models and remains subject to regional
biases in the global models (Stock et al., 2011). For example, dynamical
downscaling was used to model the North Sea at 3km resolution to
project changes in bottom temperature and salinity, and these physical
model fields were used to project changes in distributions of 75 benthic
species (Weinert et al., 2016). The results indicated northward shifts for
about 2/3 of species and southward shifts for the rest, and the down-
scaled model illustrated the strong influence of bottom topography on
habitat gains and losses. An ensemble of dynamically downscaled re-
gional models of the Baltic Sea with different nutrient loading scenarios
was used to assess hypoxic and anoxic extent and potential influences of
changes in river discharge, air-sea fluxes, and intensified nutrient
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cycling (Meier et al., 2011). The variance in biogeochemical response
with forcing from three physical models with different structures but
similar forcing provided a metric of the robustness of the results relative
to model variability.

Statistical downscaling can take various forms, including linear re-
gression, general additive models, and neural networks, and can link
global climate model output variables to variables of interest in a
particular region. Approaches for selecting appropriate downscaling
approaches are reviewed elsewhere (e.g., Wilby et al., 2004; Haylock
et al., 2006). The robustness of the downscaling depends in part on the
data available to develop statistical relationships between predictor and
response variables, and it requires keeping a subset of the observations
separate from the training data for validation. Statistical downscaling
also faces limitations when extrapolating into climate conditions that
are outside the bounds of the observational record, as model failures
may not be apparent even when using independent validation data from
the same parameter space as the training data (Bell and Schlaepfer,
2016).

Various statistical downscaling approaches have been used to link
climate model outputs to biogeochemical models at regional, coastal, or
estuarine scales. A constructed analogues approach that represents
sharp geographical gradients and daily variability through linear re-
gressions of model output to observations (Hidalgo et al., 2008) was
used to relate air temperatures from GCMs to water temperature in the
San Francisco Estuary, and thus project climate impacts on an en-
dangered fish species (Brown et al., 2016). Four different downscaling
methods were trained on 20 years of observations to downscale air
temperature and precipitation fields from four GCMs to the Susque-
hanna River watershed to generate inputs to a water balance model and
predict changes in surface salinity and temperature in Chesapeake Bay
(Muhling et al., 2018). Those downscaled salinity and temperature
projections were combined with habitat models for three Vibrio species
to predict future increases in the seasonal duration and spatial extent of
the pathogens (Muhling et al., 2017). Several examples using statistical
downscaling, bias correction, and ensemble approaches to model cli-
mate change impacts on regional fisheries are examined in Stock et al.
(2011), which details many of the considerations in using downscaled
climate models to drive ecosystem forecasts that are relevant to HAB
models.

4.4. Evaluate models with long-term observations

Global climate models are known to have biases and skill that vary
regionally, and these can be assessed by comparison with observation
records during GCM model hindcast periods. Observations to evaluate
physical parameters like air temperature or wind speed, and to lesser
extent water temperature and salinity, are far more prevalent than long-
term observations of biogeochemical parameters like nutrient or
chlorophyll concentrations. Extended time series of HAB abundance or
toxicity that are needed to evaluate HAB model hindcasts at climate
time scales are even rarer. Long-term observations of biologically re-
levant data are critical to identify trends in what are often sparse,
patchy distributions (Ducklow et al., 2009), and they also need to be
incorporated into assessments of climate forecasts. Fisheries surveys are
an example of a rich data type that has been used to identify decadal
scale variability associated with the PDO or NAO as well as seasonal to
interannual variability with ENSO (Lehodey et al., 2006). Models of
climate impacts on fisheries incorporate these long-term records into
statistical relationships between physical fields and the response of the
variable of interest, and those relationships can be continually updated
as additional data are collected (Hollowed et al., 2009; Hare et al.,
2010). The Continuous Plankton Recorder (CPR) survey is another
observational record that goes back more than half a century, and it has
been used to document shifts in community composition with de-
creased abundance of dinoflagellates and increases of some diatoms,
including Pseudo-nitzschia, which were attributed to increased sea
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surface temperatures and stronger stratification (Hinder et al., 2012).
CPR data were used to identify increases in warm-water phytoplankton
and zooplankton species and decreases in cold-water species that were
correlated with sea surface temperature in the northeastern Atlantic, air
temperature in the Northern Hemisphere, and the NAO (Beaugrand and
Reid, 2003). Northward shifts in community composition in a coupled
physical and biogeochemical model that were consistent with CPR
observations were used to diagnose the processes leading to the
changes, and showed that in addition to warmer temperatures that
changes in circulation and stratification contributed to the patterns in
the model (Barton et al., 2016).

To be useful for assessing climate impacts on biological systems,
models must be able to distinguish the response to climate variability
from internal biological dynamics (Lehodey et al., 2006), and ideally
HAB models of climate response should help in identifying similar re-
sponses among different regions. Successful modeling approaches can
be transferred to new regions, but requires accounting for similarities
and differences in the physical environment, ecosystem characteristics,
and HAB population, all of which are multi-dimensional and difficult to
quantify without observations. Identifying climate effects in observa-
tions requires at least several decades of consistent HAB monitoring,
and yet few regions have such high-quality time series data, nor is there
monitoring in regions where future outbreaks may occur (Anderson
et al.,, 2015; Wells et al.,, 2015). In addition to climate change, an-
thropogenic stressors such as fishing pressure, nutrient inputs, and in-
vasive species introduction increase the challenges of identifying trends
in observations of HAB abundance and distribution. Nutrient inputs
have increased more than ten-fold in some coastal regions over the past
few decades with usage of synthetic nitrogen fertilizer usage and ur-
banization, but the impacts vary widely (Howarth, 2008). Projecting
future nutrient conditions may require accounting for regional in-
creases or decreases in nutrient loading with watershed land-use
changes (Bouwman et al., 2009; Glibert et al., 2010) in addition to
physical changes in the nutrient delivery by river discharge or coastal
upwelling that are incorporated in models of HAB dynamics presently.
Shifts in nutrient inputs by eutrophication or climate change may also
affect nutrient limitation and require incorporating currencies in ad-
dition to nitrogen into HAB models (Flynn and McGillicuddy, 2018).

While it is generally accepted that HABs are globally increasing in
severity and extent, the role of climate change in the observed trends
has been challenging to isolate mechanistically among the many other
contributing factors (Moore et al., 2008). HAB models applied retro-
spectively at climate time scales may provide a useful means of hy-
pothesis testing as opposed to focusing on predictions of future impacts.
As has been done with observations (Moore et al., 2011), weather
events, anomalous seasonal conditions, or sharp changes in forcing can
be simulated retrospectively with HAB models as analogues for climate
change impacts. Such scenarios can more realistically incorporate
multiple stressors, and allow for quantitative assessment of model
performance and uncertainty using observations that are independent
from the model calibration. For example, laboratory studies have found
that growth rates for Alexandrium spp. increase up to 20 — 24 °C (Watras
et al., 1982; Etheridge and Roesler, 2005; Bill et al., 2016), suggesting
that warmer water will lead to faster growth and greater bloom in-
tensity. Observations of A. catenella in an estuary in the northeastern
U.S. found that the blooms in warmer years occurred earlier but did not
have longer duration or greater maximum cell abundance, and instead
the blooms terminated before water temperatures reached the values
corresponding with maximum growth rates from the laboratory
(Ralston et al., 2014). A process-based, single-species model that used
the laboratory growth rates could effectively reproduce the growth
phase across multiple years with widely varying temperature condi-
tions, but an empirical formulation for mortality that was not strictly
temperature-dependent was needed to represent bloom termination
across the years, and could only be calibrated based on comparison
with the multi-year observations (Ralston et al., 2015). Bloom dynamics
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in that system remained similar enough over several years that the
empirical formulation for mortality had predictive skill, but climate
change can potentially induce more fundamental shifts in ecosystem
dynamics, for example changing from bottom-up (nutrient availability
regulating growth) to top-down (grazing control) control (Wells et al.,
2015). Developing robust models of the interactions between HAB
growth rates and grazer response under changing forcing conditions,
particularly when the relationships may be strongly non-linear, remains
a central challenge for HAB modeling across all simulation time scales
(Flynn and McGillicuddy, 2018).

5. Conclusions

Modeling HAB response to future climate change is still an emerging
field, as evidenced by the limited number of studies (fewer than 10) and
diversity of approaches reviewed here. Extending HAB models to dec-
adal time scales or longer, extrapolating into forcing regimes that are
outside historical observations, representing potential regime shifts in
the dominant processes controlling HAB development, and in-
corporating uncertainty and variability in physical climate model pro-
jections are challenging but feasible tasks. Based on this review, we
offer several recommendations for how to best move forward with
modeling HAB response to climate change. Statistical models have
predominantly been used for near-term and operational HAB forecasts,
but the uncertainty in model output increases as forcing conditions
diverge from the historical observations that were used to develop
them. Process-based models more directly represent key physical and
biological factors in bloom development, and thus are better suited to
extrapolation into future climate forcing conditions. HAB models
should be developed in the context of the ecosystem response to climate
change, recognizing that the response of many key processes and the
potential for regime shifts are common to the broader ecosystem.
Uncertainty in HAB model projections associated with process for-
mulations or climate model forcing should be quantified and conveyed
using ensemble approaches and scenario planning. Downscaling of
global (and potentially regional) climate models to coastal scales should
be done robustly in collaboration with physical climate modelers to
preserve features of the forcing that are key to HAB development.
Finally, long-term observations of HABs and forcing conditions are es-
sential to identify trends associated with climate change and for rig-
orously assessing HAB model results. Long-term observations are criti-
cally lacking in many HAB impacted regions, and this may represent the
biggest impediment to the development of models that can effectively
assess HAB response to climate change. Multiple decades of HAB
monitoring are often necessary to distinguish long-term trends from the
response to cyclic climate forcing, so any model-based assessment of
HAB response to climate change needs to be closely coupled to high
quality observations. Modeling studies of HAB response to climate
change will likely expand as resource managers and policy makers in-
creasingly demand projections of HAB impacts at both near-term and
longer time scales. As such, HAB models will be crucial for informing
the development of strategies to reduce socioeconomic and public
health impacts as well as to increase resilience of socioecological sys-
tems to future HABs.
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