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Table 5.D-112. Water Temperature Threshold Analysis Results, Steelhead, Kelt

Emigration, Sacramento River at Red BIUff, 70°F ..........ccooov e 5.D-375
Table 5.D-113. Water Temperature Threshold Analysis Results, Steelhead, Juvenile

Rearing, Sacramento River at Keswick, 63°F ........cccccvvieiiiieiie e 5.D-376
Table 5.D-114. Water Temperature Threshold Analysis Results, Steelhead, Juvenile

Rearing, Sacramento River at Keswick, 69°F 7TDADM............cccovvviviecsssereneen, 5.D-378
Table 5.D-115. Water Temperature Threshold Analysis Results, Steelhead, Juvenile

Rearing, Sacramento River at Clear Creek, 63°F ........ccccoovevviieiveie e 5.D-380
Table 5.D-116. Water Temperature Threshold Analysis Results, Steelhead, Juvenile

Rearing, Sacramento River at Clear Creek, 69°F 7DADM..........cccccocovvvvvvceeiernnne, 5.D-382
Table 5.D-117. Water Temperature Threshold Analysis Results, Steelhead, Juvenile

Rearing, Sacramento River at Balls Ferry, 63°F........ccccooiiiiiiiivece e 5.D-384
Table 5.D-118. Water Temperature Threshold Analysis Results, Steelhead, Juvenile

Rearing, Sacramento River at Balls Ferry, 69°F 7TDADM! ..........cccccocevvvvvceeserenne, 5.D-386
Table 5.D-119. Water Temperature Threshold Analysis Results, Steelhead, Juvenile

Rearing, Sacramento River at Bend Bridge, 63°F .........cccccvviiiievieie e 5.D-388
Table 5.D-120. Water Temperature Threshold Analysis Results, Steelhead, Juvenile

Rearing, Sacramento River at Bend Bridge, 69°F 7TDADM..........cccccovvvvveeverieennne, 5.D-390
Table 5.D-121. Water Temperature Threshold Analysis Results, Steelhead, Juvenile

Rearing, Sacramento River at Red BIUFf, 63°F..........cccccooiiiie i 5.D-392
Table 5.D-122. Water Temperature Threshold Analysis Results, Steelhead, Juvenile

Rearing, Sacramento River at Red BIuff, 69°F 7TDADM! ..........c.cccoovevivivvcessereenne, 5.D-394
Table 5.D-123. Water Temperature Threshold Analysis Results, Steelhead, Smoltification,

Sacramento River at KeSWICK, BA°F ... 5.D-396
Table 5.D-124. Water Temperature Threshold Analysis Results, Steelhead, Smoltification,

Sacramento River at Clear Creek, SA°F ... 5.D-397
Table 5.D-125. Water Temperature Threshold Analysis Results, Steelhead, Smoltification,

Sacramento River at Balls Ferry, 54°F ..o 5.D-398
Table 5.D-126. Water Temperature Threshold Analysis Results, Steelhead, Smoltification,

Sacramento River at Bend Bridge, 54°F ..o 5.D-399
Table 5.D-127. Water Temperature Threshold Analysis Results, Steelhead, Smoltification,

Sacramento River at Red BIUT, 54°F ... 5.D-400
Table 5.D-128. Water Temperature Threshold Analysis Results, Steelhead, Smolt

Emigration, Sacramento River at Keswick, 61°F 7TDADM..........ccccocovvvvvveerrerennne, 5.D-401
Table 5.D-129. Water Temperature Threshold Analysis Results, Steelhead, Smolt

Emigration, Sacramento River at Keswick, 64°F 7TDADM.........cccccocovvvvvveesvirennnne, 5.D-402
Table 5.D-130. Water Temperature Threshold Analysis Results, Steelhead, Smolt

Emigration, Sacramento River at Clear Creek, 61°F 7TDADM? ..........ccccovvvevvvrvevnnnne. 5.D-403
Table 5.D-131. Water Temperature Threshold Analysis Results, Steelhead, Smolt

Emigration, Sacramento River at Clear Creek, 64°F 7TDADM? ..........ccccoovvvvevrvevnnnne, 5.D-404
Table 5.D-132. Water Temperature Threshold Analysis Results, Steelhead, Smolt

Emigration, Sacramento River at Balls Ferry, 61°F 7DADM...........cccccovvvvevrvevnnnne, 5.D-405
Table 5.D-133. Water Temperature Threshold Analysis Results, Steelhead, Smolt

Emigration, Sacramento River at Balls Ferry, 64°F 7TDADM...........cccccoovvvvevvevennnne. 5.D-406
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Table 5.D-134. Water Temperature Threshold Analysis Results, Steelhead, Smolt

Emigration, Sacramento River at Bend Bridge, 61°F 7DADM! ...........c.ccoovvvvvevnnnee. 5.D-407
Table 5.D-135. Water Temperature Threshold Analysis Results, Steelhead, Smolt

Emigration, Sacramento River at Bend Bridge, 64°F 7DADM! ...........c.ccoovvvvvevnnnne. 5.D-408
Table 5.D-136. Water Temperature Threshold Analysis Results, Steelhead, Smolt

Emigration, Sacramento River at Red Bluff, 64°F 7DADM®...........cccccoovvveeeriernnne, 5.D-409
Table 5.D-137. Water Temperature Threshold Analysis Results, Steelhead, Smolt

Emigration, Sacramento River at Red Bluff, 61°F 7DADM®...........cccccovvvvveirrernnne, 5.D-410
Table 5.D-138. Water Temperature Threshold Analysis Results, Steelhead, Adult

Immigration, Sacramento River at Keswick, 68°F 7DADM...........cccccooovvvevrvennnnne, 5.D-411
Table 5.D-139. Water Temperature Threshold Analysis Results, Steelhead, Adult

Immigration, Sacramento River at Keswick, 70°F .........ccccoovvieiiieiivieeie e 5.D-412
Table 5.D-140. Water Temperature Threshold Analysis Results, Steelhead, Adult

Immigration. Sacramento River at Bend Bridge, 68°F 7TDADM! ...........cccccevvvvevenee. 5.D-413
Table 5.D-141. Water Temperature Threshold Analysis Results, Steelhead, Adult

Immigration. Sacramento River at Bend Bridge, 70°F........c.ccccovivviivieeveciiese e 5.D-414
Table 5.D-142. Water Temperature Threshold Analysis Results, Steelhead, Adult

Immigration, Sacramento River at Red Bluff, 68°F 7TDADMX............c.cccoovvrvrvevnnnne. 5.D-415
Table 5.D-143. Water Temperature Threshold Analysis Results, Steelhead, Adult

Immigration, Sacramento River at Red BIUff, 70°F ...........cccooeviieii i 5.D-416
Table 5.D-144. Water Temperature Threshold Analysis Results, Steelhead, Adult Holding,

Sacramento River at Keswick, 61°F 7TDADMY............ccccoovvieiveereeeeeeee e, 5.D-417
Table 5.D-145. Water Temperature Threshold Analysis Results, Steelhead, Adult Holding,

Sacramento River at Balls Ferry, 61°F 7TDADM..........cccooiiviveeeeeeeeee e 5.D-418
Table 5.D-146. Water Temperature Threshold Analysis Results, Steelhead, Adult Holding,

Sacramento River at Red BIUff, 61°F 7DADM..........ccocovoieieeeece e, 5.D-419
Table 5.D-147. Water Temperature Threshold Analysis Results, Green Sturgeon, Spawning

and Egg Incubation, Sacramento River at Bend Bridge, 63°F ........ccccoovvvvevviieiiennns 5.D-420
Table 5.D-148. Water Temperature Threshold Analysis Results, Green Sturgeon, Spawning

and Egg Incubation, Sacramento River at Red BIUff, 63°F...........cccccveviiiievviiieiienns 5.D-421
Table 5.D-149. Water Temperature Threshold Analysis Results, Green Sturgeon, Spawning

and Egg Incubation, Sacramento River at Hamilton City, 63°F...........ccccccviviiviiienns 5.D-422
Table 5.D-150. Water Temperature Threshold Analysis Results, Green Sturgeon, Non-

Spawning Adult Presence, Sacramento River at Bend Bridge, 66°F ...........cccccceevenin. 5.D-423
Table 5.D-151. Water Temperature Threshold Analysis Results, Green Sturgeon, Non-

Spawning Adult Presence, Sacramento River at Bend Bridge, 73°F .......cccccccevvvennne 5.D-424
Table 5.D-152. Water Temperature Threshold Analysis Results, Green Sturgeon, Non-

Spawning Adult Presence, Sacramento River at Red Bluff, 66°F............c.ccccccvvvennnne 5.D-425
Table 5.D-153. Water Temperature Threshold Analysis Results, Green Sturgeon, Non-

Spawning Adult Presence, Sacramento River at Red Bluff, 73°F............cccccevviienins 5.D-426
Table 5.D-154. Water Temperature Threshold Analysis Results, Green Sturgeon, Non-

Spawning Adult Presence, Sacramento River at Hamilton City, 66°F........................ 5.D-427
Table 5.D-155. Water Temperature Threshold Analysis Results, Green Sturgeon, Non-

Spawning Adult Presence, Sacramento River at Hamilton City, 73°F...........cccccveni.. 5.D-428
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Table 5.D-156. Water Temperature Threshold Analysis Results, Green Sturgeon, Non-
Spawning Adult Presence and Larval to Juvenile Rearing and Emigration, Sacramento

River at Knights Landing, 66°F ..........ccoiiiiiiiiieeeie e 5.D-429
Table 5.D-157. Water Temperature Threshold Analysis Results, Green Sturgeon, Non-

Spawning Adult Presence, Sacramento River at Knights Landing, 73°F.................... 5.D-431
Table 5.D-158. Water Temperature Threshold Analysis Results, Green Sturgeon, Larval to

Juvenile Rearing and Emigration, Sacramento River at Bend Bridge, 66°F ............... 5.D-433
Table 5.D-159. Water Temperature Threshold Analysis Results, Green Sturgeon, Larval to

Juvenile Rearing and Emigration, Sacramento River at Red Bluff, 66°F ................... 5.D-435
Table 5.D-160. Water Temperature Threshold Analysis Results, Green Sturgeon, Larval to

Juvenile Rearing and Emigration, Sacramento River at Hamilton City, 66°F ............ 5.D-437
Table 5.D-161. Water Temperature Threshold Analysis Results, Steelhead, Spawning, Egg

Incubation, and Alevins, American River at Hazel Avenue, 53°F ........cccoocevieviienne. 5.D-439
Table 5.D-162. Water Temperature Threshold Analysis Results, Steelhead, Spawning, Egg

Incubation, and Alevins, American River at Watt Avenue, 53°F.........cccoceviiivninnne. 5.D-440
Table 5.D-163. Water Temperature Threshold Analysis Results, Steelhead, Kelt

Emigration, American River at Hazel Avenue, 68°F 7TDADM?............c.ccccovveveveenneee, 5.D-441
Table 5.D-164. Water Temperature Threshold Analysis Results, Steelhead, Kelt

Emigration, American River at Hazel Avenue, 70°F ..........ccooveieeieiiese e 5.D-442
Table 5.D-165. Water Temperature Threshold Analysis Results, Steelhead, Kelt

Emigration, American River at Watt Avenue, 68°F 7TDADM? ...........c.ccoovverrvevnnnne. 5.D-443
Table 5.D-166. Water Temperature Threshold Analysis Results, Steelhead, Kelt

Emigration, American River at Watt Avenue, 70°F .........ccccocvvieieeie s 5.D-444
Table 5.D-167. Water Temperature Threshold Analysis Results, Steelhead, Juvenile

Rearing, American River at Hazel Avenue, 63°F ... 5.D-445
Table 5.D-168. Water Temperature Threshold Analysis Results, Steelhead, Juvenile

Rearing, American River at Hazel Avenue, 69°F 7TDADM? ........ccccocovvvvveeeieerennne, 5.D-447
Table 5.D-169. Water Temperature Threshold Analysis Results, Steelhead, Juvenile

Rearing, American River at Watt Avenue, 63°F .........ccccevveieiieneere e 5.D-449
Table 5.D-170. Water Temperature Threshold Analysis Results, Steelhead, Juvenile

Rearing, American River at Watt Avenue, 69°F 7TDADM..........ccccoocvvvivvceesrerennne, 5.D-451
Table 5.D-171. Water Temperature Threshold Analysis Results, Steelhead, Smolt

Emigration, American River at Hazel Avenue, 61°F 7TDADM?............ccccovvvvvvevnnnne, 5.D-453
Table 5.D-172. Water Temperature Threshold Analysis Results, Steelhead, Smolt

Emigration, American River at Watt Avenue, 64°F 7TDADM? ..........cccccovvveevvevennne, 5.D-454
Table 5.D-173. Water Temperature Threshold Analysis Results, Steelhead, Smoltification,

American River at Hazel AVENUE, BA°F ........coiiiiiiiiiieneceeee e 5.D-455
Table 5.D-174. Water Temperature Threshold Analysis Results, Steelhead, Smoltification,

American River at Watt AVENUE, SA°F ... 5.D-456
Table 5.D-175. Water Temperature Threshold Analysis Results, Steelhead, Adult

Immigration, American River at Hazel Avenue, 68°F 7TDADM®..........c.cccocvvvvveveennee, 5.D-457
Table 5.D-176. Water Temperature Threshold Analysis Results, Steelhead, Adult

Immigration, American River at Hazel Avenue, 70°F ........ccooeiieieveese e 5.D-458
Table 5.D-177. Water Temperature Threshold Analysis Results, Steelhead, Adult

Immigration, American River at Watt Avenue, 68°F 7TDADM? ...........ccccceovvvvvevennne. 5.D-459
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Table 5.D-178. Water Temperature Threshold Analysis Results, Steelhead, Adult

Immigration, American River at Watt Avenue, 70°F ........ccccocieieeieviienesie e 5.D-460
Table 5.D-179. Water Temperature Threshold Analysis Results, Steelhead, Adult Holding,

American River at Hazel Avenue, 61°F TDADM ..........cccccoveeervieereceeeeee e 5.D-461
Table 5.D-180. Water Temperature Threshold Analysis Results, Steelhead, Adult Holding,

American River at Watt Avenue, 61°F 7TDADMY ...........ccccovoeeveeieceeeeee e 5.D-461
Table 5.D-181. Winter-Run Chinook Salmon Percent of Redds Dewatered (Percent of

Total Redds) and Differences (Percent Differences) in River Segment 6 between

Model Scenarios (green indicates PA is at least 5% lower [raw difference] than NAA;

red indicates PA is at 1east 5% Nigher) ... 5.D-468
Table 5.D-182. Winter-Run Chinook Salmon Percent of Redds Dewatered (Percent of

Total Redds) and Differences (Percent Differences) in River Segment 4 between

Model Scenarios (green indicates PA is at least 5% lower [raw difference] than NAA;

red indicates PA is at 1east 5% Nigher) ... 5.D-469
Table 5.D-183. Spring-Run Chinook Salmon Percent of Redds Dewatered (Percent of Total

Redds) and Differences (Percent Differences) in River Segment 6 between Model

Scenarios (green indicates PA is at least 5% lower [raw difference] than NAA; red

indicates PA is at 1east 5% NIgher)..........cccovvoiie i 5.D-476
Table 5.D-184. Spring-Run Chinook Salmon Percent of Redds Dewatered (Percent of Total

Redds) and Differences (Percent Differences) in River Segment 4 between Model

Scenarios (green indicates PA is at least 5% lower [raw difference] than NAA; red

indicates PA is at 1east 5% NIGher)..........cccooveiie i 5.D-477
Table 5.D-185. Central Valley Steelhead Percent of Redds Dewatered (Percent of Total

Redds) and Differences (Percent Differences) in River Segment 6 between Model

Scenarios (green indicates PA is at least 5% lower [raw difference] than NAA; red

indicates PA is at 1east 5% NIgher)..........cccooveiieiice e 5.D-484
Table 5.D-186. Central Valley Steelhead Percent of Redds Dewatered (Percent of Total

Redds) and Differences (Percent Differences) in River Segment 4 between Model

Scenarios (green indicates PA is at least 5% lower [raw difference] than NAA; red

indicates PA is at 1east 5% NIgher)..........cccooviiiiiic e 5.D-485
Table 5.D-187. Functions and Environmental Variables Used in the Ocean Survival Stage
OF the TOS MO ... e 5.D-495

Table 5.D-188. Sobol’ Sensitivity Indices (Standard Deviation in Parentheses) for Each
Age Class of Returning Spawners Based on 1,000 Monte Carlo Iterations, Conducted
to Test Sensitivity of 10S Input Parameters by Zeug et al. (2012)........ccccevvevvrenee. 5.D-500
Table 5.D-189. Posterior coefficient values obtained from fitting the winter run OBAN
2015 model to observed escapement and observed Red Bluff Diversion Dam juvenile
abundance. Note that all s coefficients are in logit space, thus their sign is directly
interpretable, but their magnitude requires transformation............ccccoceviiiiiniennnne 5.D-524
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Figures

Figure 5.D-1. Velocity of flow entering the interior delta at channel 21, the San Joaquin

River downstream of the head of Old River, during the 82-year CALSIM period.

Comparisons between the NAA (NAA) and the PA (PA) were performed for the

months of October through June. Plus symbol indicates median, box represents the

interquartile range, and the whiskers represent the minimum and maximum values. ... 5.D-45
Figure 5.D-2. Velocity of flow entering the interior at delta channel 45, the San Joaquin

River near the confluence with the Mokelumne River, during the 82-year CALSIM

period. Comparisons between the NAA (NAA) and the PA (PA) were performed for

the months of October through June. Plus symbol indicates median, box represents the

interquartile range, and the whiskers represent the minimum and maximum values. ... 5.D-51
Figure 5.D-3. Velocity of flow entering the interior delta at channel 94, Old River

downstream of the facilities, during the 82-year CALSIM period. Comparisons

between the NAA (NAA) and the PA (PA) were performed for the months of October

through June. Plus symbol indicates median, box represents the interquartile range,

and the whiskers represent the minimum and maximum values. ..........c.ccccoecevevereennene. 5.D-58
Figure 5.D-4. Velocity of flow entering the interior delta at channel 212, Old River

upstream of the facilities, during the 82-year CALSIM period. Comparisons between

the NAA (NAA) and the PA (PA) were performed for the months of October through

June. Plus symbol indicates median, box represents the interquartile range, and the

whiskers represent the minimum and maximum Values. ...........ccccooveriiiiiiinnenieneenne 5.D-65
Figure 5.D-5. Velocity of flow entering the interior delta at channel 365, the Delta Cross

Channel, during the 82-year CALSIM period. Comparisons between the NAA (NAA)

and the PA (PA) were performed for the months of October through June. Plus

symbol indicates median, box represents the interquartile range, and the whiskers

represent the minimum and Maximum ValUES. ..........cccovvereiierieenn e 5.D-67
Figure 5.D-6. Velocity of flow entering the interior delta at channel 379, Steamboat

Slough, during the 82-year CALSIM period. Comparisons between the NAA (NAA)

and the PA (PA) were performed for the months of October through June. Plus

symbol indicates median, box represents the interquartile range, and the whiskers

represent the minimum and Maximum ValUES. ..........cccooveriiiniiieniie e 5.D-73
Figure 5.D-7. Velocity of flow entering the interior delta at channel 383, Sutter Slough,

during the 82-year CALSIM period. Comparisons between the NAA (NAA) and the

PA (PA) were performed for the months of October through June. Plus symbol

indicates median, box represents the interquartile range, and the whiskers represent the

minimum and MaximuM VAIUES. ..........ccoiiiiiiiiee e 5.D-78
Figure 5.D-8. Velocity of flow entering the interior delta at channel 418, the Sacramento

River downstream of proposed diversions, during the 82-year CALSIM

period. Comparisons between the NAA (NAA) and the PA (PA) were performed for

the months of October through June. Plus symbol indicates median, box represents the

interquartile range, and the whiskers represent the minimum and maximum values. ... 5.D-85
Figure 5.D-9. Velocity of flow entering the interior delta at channel 421, the Sacramento

River upstream of Georgiana Slough, during the 82-year CALSIM

period. Comparisons between the NAA (NAA) and the PA (PA) were performed for

the months of October through June. Plus symbol indicates median, box represents the

interquartile range, and the whiskers represent the minimum and maximum values. ... 5.D-91
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Figure 5.D-10. Velocity of flow entering the interior delta at channel 423, the Sacramento

River downstream of Georgiana Slough, during the 82-year CALSIM

period. Comparisons between the NAA (NAA) and the PA (PA) were performed for

the months of October through June. Plus symbol indicates median, box represents the

interquartile range, and the whiskers represent the minimum and maximum values. ... 5.D-96
Figure 5.D-11. Velocity of flow entering the interior delta at channel 21, San Joaquin River

downstream of the head of Old River, during the 82-year CALSIM period.

Comparisons between the NAA (NAA) and the PA (PA) were performed for the

months of October through June. Plus symbol indicates median, box represents the

interquartile range, and the whiskers represent the minimum and maximum values. . 5.D-102
Figure 5.D-12. Velocity of flow entering the interior delta at channel 45, the San Joaquin

River near the confluence with the Mokelumne River, during the 82-year CALSIM

period. Comparisons between the NAA (NAA) and the PA (PA) were performed for

the months of October through June. Plus symbol indicates median, box represents the

interquartile range, and the whiskers represent the minimum and maximum values.. 5.D-104
Figure 5.D-13. Velocity of flow entering the interior delta at channel 94, Old River

downstream of the facilities, during the 82-year CALSIM period. Comparisons

between the NAA (NAA) and the PA (PA) were performed for the months of October

through June. Plus symbol indicates median, box represents the interquartile range,

and the whiskers represent the minimum and maximum values. .............cccccvevvervenns 5.D-107
Figure 5.D-14. Velocity of flow entering the interior delta at channel 212, Old River

upstream of the facilities, during the 82-year CALSIM period. Comparisons between

the NAA (NAA) and the PA (PA) were performed for the months of October through

June. Plus symbol indicates median, box represents the interquartile range, and the

whiskers represent the minimum and maximum Values. ..........ccccevvreeninicieeneenne 5.D-113
Figure 5.D-15. Velocity of flow entering the interior delta at channel 365, the Delta Cross

Channel, during the 82-year CALSIM period. Comparisons between the NAA (NAA)

and the PA (PA) were performed for the months of October through June. Plus

symbol indicates median, box represents the interquartile range, and the whiskers

represent the minimum and Maximum ValUES. ..........cccceveiiveresieseeie e 5.D-115
Figure 5.D-16. Velocity of flow entering the interior delta at channel 379, Steamboat

Slough, during the 82-year CALSIM period. Comparisons between the NAA (NAA)

and the PA (PA) were performed for the months of October through June. Plus

symbol indicates median, box represents the interquartile range, and the whiskers

represent the minimum and Maximum ValUES. ..........cccoeriirieiiiniene e 5.D-120
Figure 5.D-17. Velocity of flow entering the interior delta at channel 383, Sutter Slough,

during the 82-year CALSIM period. Comparisons between the NAA (NAA) and the

PA (PA) were performed for the months of October through June. Plus symbol

indicates median, box represents the interquartile range, and the whiskers represent the

minimum and MaximuM ValUES. ...........coiiiiiiiiie s 5.D-125
Figure 5.D-18. Velocity of flow entering the interior delta at channel 418, Sacramento

River downstream of proposed diversions, during the 82-year CALSIM period.

Comparisons between the NAA (NAA) and the PA (PA) were performed for the

months of October through June. Plus symbol indicates median, box represents the

interquartile range, and the whiskers represent the minimum and maximum values.. 5.D-129
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Figure 5.D-19. Velocity of flow entering the interior delta at channel 421, Sacramento

River upstream of Georgiana Slough, during the 82-year CALSIM period.

Comparisons between the NAA (NAA) and the PA (PA) were performed for the

months of October through June. Plus symbol indicates median, box represents the

interquartile range, and the whiskers represent the minimum and maximum values.. 5.D-135
Figure 5.D-20. Velocity of flow entering the interior delta at channel 423, Sacramento

River downstream of Georgiana Slough, during the 82-year CALSIM period.

Comparisons between the NAA (NAA) and the PA (PA) were performed for the

months of October through June. Plus symbol indicates median, box represents the

interquartile range, and the whiskers represent the minimum and maximum values. . 5.D-139
Figure 5.D-21. Daily proportion of negative velocity entering the interior at delta channel

21, the San Joaquin River downstream of the head of Old River, during the 82-year

CALSIM period. Comparisons between the NAA (NAA) and the PA (PA) were

performed for the months of October through June. Plus symbol indicates median, box

represents the interquartile range, and the whiskers represent the minimum and

MAXIMUM VAIUES. ...ttt bbbttt bbbt 5.D-144
Figure 5.D-22. Daily proportion of negative velocity entering the interior at delta channel

45, the San Joaquin River near the confluence with the Mokelumne River, during the

82-year CALSIM period. Comparisons between the NAA (NAA) and the PA (PA)

were performed for the months of October through June. Plus symbol indicates

median, box represents the interquartile range, and the whiskers represent the

minimum and Maximum VaIUES. ...........coiiiiiiiiie s 5.D-146
Figure 5.D-23. Daily proportion of negative velocity entering the interior at delta channel

94, Old River downstream of the facilities, during the 82-year CALSIM period.

Comparisons between the NAA (NAA) and the PA (PA) were performed for the

months of October through June. Plus symbol indicates median, box represents the

interquartile range, and the whiskers represent the minimum and maximum values. . 5.D-149
Figure 5.D-24. Daily proportion of negative velocity entering the interior at delta channel

212, Old River upstream of the facilities, during the 82-year CALSIM period.

Comparisons between the NAA (NAA) and the PA (PA) were performed for the

months of October through June. Plus symbol indicates median, box represents the

interquartile range, and the whiskers represent the minimum and maximum values. . 5.D-156
Figure 5.D-25. Daily proportion of negative velocity entering the interior at delta Channel

365, the Delta Cross Channel, during the 82-year CALSIM period. Comparisons

between the NAA (NAA) and the PA (PA) were performed for the months of October

through June. Plus symbol indicates median, box represents the interquartile range,

and the whiskers represent the minimum and maximum values. .............ccccccevieeinnnns 5.D-158
Figure 5.D-26. Daily proportion of negative velocity entering the interior at delta Channel

379, Steamboat Slough, during the 82-year CALSIM period. Comparisons between

the NAA (NAA) and the PA (PA) were performed for the months of October through

June. Plus symbol indicates median, box represents the interquartile range, and the

whiskers represent the minimum and maximum Values. ..........cccccevevieriveieseeseennn 5.D-161
Figure 5.D-27. Daily proportion of negative velocity entering the interior at delta Channel

383, Sutter Slough, during the 82-year CALSIM period. Comparisons between the

NAA (NAA) and the PA (PA) were performed for the months of October through
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June. Plus symbol indicates median, box represents the interquartile range, and the

whiskers represent the minimum and maximum Values. ..........ccccceveveerireveseese e, 5.D-165
Figure 5.D-28. Daily proportion of negative velocity entering the interior at delta Channel

418, Sacramento River downstream of proposed diversions, during the 82-year

CALSIM period. Comparisons between the NAA (NAA) and the PA (PA) were

performed for the months of October through June. Plus symbol indicates median, box

represents the interquartile range, and the whiskers represent the minimum and

MAXIMUM VAIUES. ...ttt bbb bbb 5.D-168
Figure 5.D-29. Daily proportion of negative velocity entering the interior at delta Channel

421, Sacramento River upstream of Georgiana Slough, during the 82-year CALSIM

period. Comparisons between the NAA (NAA) and the PA (PA) were performed for

the months of October through June. Plus symbol indicates median, box represents the

interquartile range, and the whiskers represent the minimum and maximum values.. 5.D-171
Figure 5.D-30. Daily proportion of negative velocity entering the interior at delta Channel

423, Sacramento River downstream of Georgiana Slough, during the 82-year

CALSIM period. Comparisons between the NAA (NAA) and the PA (PA) were

performed for the months of October through June. Plus symbol indicates median, box

represents the interquartile range, and the whiskers represent the minimum and

MAXTMUM VAIUBS. ...ttt sttt ettt e et neesbe e e 5.D-175
Figure 5.D-31. Proportion of flow entering the interior delta at Sutter Slough during the 82-

year CALSIM period. Comparisons between the NAA (NAA) and the PA (PA) were

performed for the months of October through June. Plus symbol indicates median, box

represents the interquartile range, and the whiskers represent the minimum and

MAXIMUM VAIUES. ...ttt bbbttt bbbt 5.D-177
Figure 5.D-32. Proportion of flow entering the interior delta at Steamboat Slough during

the 82-year CALSIM period. Comparisons between the NAA (NAA) and the PA (PA)

were performed for the months of October through June. Plus symbol indicates

median, box represents the interquartile range, and the whiskers represent the

Minimum and MaXimum VAIUES. ..........ooiiiiiiiieiie e 5.D-178
Figure 5.D-33. Proportion of flow entering the interior delta at the Delta Cross Channel

during the 82-year CALSIM period. Comparisons between the NAA (NAA) and the

PA (PA) were performed for the months of October through June. Plus symbol

indicates median, box represents the interquartile range, and the whiskers represent the

minimum and MaximuM VaIUES. ...........coiiiiiiiie s 5.D-183
Figure 5.D-34. Proportion of flow entering the interior delta at Georgiana Slough during

the 82-year CALSIM period. Comparisons between the NAA (NAA) and the PA (PA)

were performed for the months of October through June. Plus symbol indicates

median, box represents the interquartile range, and the whiskers represent the

MiniMum and MaXimum VAIUES. ..........couiiiriiiieiie et 5.D-186
Figure 5.D-35. Proportion of flow entering the interior delta at the head of Old River

during the 82-year CALSIM period. Comparisons between the NAA (NAA) and the

PA (PA) were performed for the months of October through June. Plus symbol

indicates median, box represents the interquartile range, and the whiskers represent the

minimum and MaximuM ValUES. ... s 5.D-193
Figure 5.D-36. Proportion of flow entering the interior delta at Middle River during the 82-

year CALSIM period. Comparisons between the NAA (NAA) and the PA (PA) were
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performed for the months of October through June. Plus symbol indicates median, box

represents the interquartile range, and the whiskers represent the minimum and

MAXTMUM VAIUBS. ...ttt sttt sttt e e be s e sbe e e 5.D-195
Figure 5.D-37. Proportion of flow entering the interior delta at Columbia Cut during the

82-year CALSIM period. Comparisons between the NAA (NAA) and the PA (PA)

were performed for the months of October through June. Plus symbol indicates

median, box represents the interquartile range, and the whiskers represent the

minimum and MaximuM ValUES. ...........coiiiiiiiiie s 5.D-198
Figure 5.D-38. Proportion of flow entering the interior delta at Turner Cut during the 82-

year CALSIM period. Comparisons between the NAA (NAA) and the PA (PA) were

performed for the months of October through June. Plus symbol indicates median, box

represents the interquartile range, and the whiskers represent the minimum and

MAXTMUM VAIUBS. ...ttt sttt ettt st e et e neesbe e e 5.D-202
Figure 5.D-39. Proportion of flow entering the interior delta at the mouth of Old River

during the 82-year CALSIM period. Comparisons between the NAA (NAA) and the

PA (PA) were performed for the months of October through June. Plus symbol

indicates median, box represents the interquartile range, and the whiskers represent the

minimum and MaximuM VaIUES. ...........coiiiiiiiie s 5.D-204
Figure 5.D-40. Map of the Sacramento—San Joaquin River Delta Showing the Modeled
Reaches and Junctions of the Delta Applied in the Delta Passage Model................... 5.D-209

Figure 5.D-41. Conceptual Diagram Depicting the “Migration” of a Single Daily Cohort of
Smolts Entering from the Sacramento River and Migrating through the Delta Passage
oo =] PRSP 5.D-212

Figure 5.D-42. Delta Entry Distributions for Chinook Salmon Smolts Applied in the Delta
Passage Model for Sacramento River Winter-Run, Sacramento River Spring-Run,
Sacramento River Fall-Run, Sacramento River Late Fall-Run, San Joaquin River Fall-

Run, and Mokelumne River Fall-Run Chinook Salmon...........ccccccooiiiiiiinieenne 5.D-214
Figure 5.D-43. Reach-Specific Migration Speed (km/day) as a Function of Flow (m%/sec)
Applied in Reaches Sacl, Sac2, and GEO/DCC.........ccccviriiirieicieee e 5.D-216

Figure 5.D-44. Figure from Perry (2010) Depicting the Mean Entrainment Probability
(Proportion of Fish Being Diverted into Reach Geo/DCC) as a Function of Fraction of
Discharge (Proportion of Flow Entering Reach Geo/DCC) ........ccccevvvvvvevieiinsinennn 5.D-218

Figure 5.D-45. Route Survival as a Function of Flow Applied in Reaches Sacl, Sac2, Sac3
and Sac4 combined, SS and Sac4 combined, Interior Delta via the San Joaquin River,

and Interior Delta via Old RIVEL ......ccooiiiiiiiiieeeeee e 5.D-222
Figure 5.D-46. Relationship between 6 (Ratio of Survival through the Interior Delta to
Survival through Sacramento River) and South Delta Export FIOWs...........ccccceveenee 5.D-224

Figure 5.D-47. Interior Delta Survival as a Function of Delta Exports (Newman and

Brandes 2010) as Applied for Sacramento Races of Chinook Salmon Smolts

Migrating through the Interior Delta via Reach Geo/DCC..........ccccccvvvvvvveieiierieennenn, 5.D-225
Figure 5.D-48. DPM Sensitivity Analysis Parameter Uncertainty: Main index values from

Sobol’ sensitivity indices. Confidence intervals that cross zero indicate that parameter

did not have a disproportionate effect of model output. .............coeeveiiiiiii i 5.D-230
Figure 5.D-49. DPM Sensitivity Analysis Parameter Uncertainty: Total index values from

Sobol’ sensitivity indices. Confidence intervals that cross zero indicate that parameter

did not have a disproportionate effect of model QULPUL. .........cccvvvieiviiiiicceeecee 5.D-231
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Figure 5.D-50. Means and standard errors of total through-Delta survival for winter run

Chinook salmon at 10" — 90" percentile flow values in each reach with exports held at

the 50M PErCENIE VAIUES. .......ccvveeveeeeieseee ettt 5.D-232
Figure 5.D-51. Means and standard errors of total through-Delta survival for winter run

Chinook salmon at 10" — 90" percentile export values in each reach with flows held at

the 501 PErCENTIE VAIUES. .......c.cvveevieeeeeeeee ettt 5.D-233
Figure 5.D-52. Ranges of Daily Flows in the Sacramento River below Georgiana Slough

(DPM Reach Sac 3) in Wet Years, Used in the Sensitivity Analysis’s Model

DEMONSIIALION. ...ttt ettt ettt e b e bt e b e et e nreenbeenee e 5.D-234
Figure 5.D-53. Ranges of Daily Flows in the Sacramento River below Georgiana Slough

(DPM Reach Sac 3) in Above Normal Years, Used in the Sensitivity Analysis’s

MOdel DEMONSIIALION. .....c.veiieiitiitisiesiesee e bbb eneas 5.D-234
Figure 5.D-54. Ranges of Daily Flows in the Sacramento River below Georgiana Slough

(DPM Reach Sac 3) in Dry Years, Used in the Sensitivity Analysis’s Model

DEMONSIIALION. ...ttt sttt e sb e e b e et e sreenbeenee e 5.D-235
Figure 5.D-55. Ranges of Daily Flows in the Sacramento River below Georgiana Slough

(DPM Reach Sac 3) in Critical Years, Used in the Sensitivity Analysis’s Model

DEMONSTIALION. ...ttt bbbttt b e bbbttt reeneas 5.D-235
Figure 5.D-56. Ranges of Daily South Delta Exports in Wet Years, Used in the Sensitivity

Analysis’s Model DemONSIIAtioN. ..........ceieieeieerieie e 5.D-236
Figure 5.D-57. Ranges of Daily South Delta Exports in Above Normal Years, Used in the

Sensitivity Analysis’s Model DemMONSIIAtioN. .........cccccveveiieereeiee e 5.D-237
Figure 5.D-58. Ranges of Daily South Delta Exports in Dry Years, Used in the Sensitivity

Analysis’s Model DemONSIIAtioN. ..........ceceiieiierecie e 5.D-237
Figure 5.D-59. Ranges of Daily South Delta Exports in Critical Years, Used in the

Sensitivity Analysis’s Model DemONSIIation. .........cccccveveiieereeiesiese e 5.D-238

Figure 5.D-60. Effect of VVarying Each Covariate Across the Range of Data Modeled by
Newman (2003), Holding Other Covariates at Mean Values, Assuming Closed Delta
Cross Channel Gates, and Fish Releases From Sacramento...........cccccooevvereniieneennns 5.D-242
Figure 5.D-61. Effect of Varying Sacramento River Flow and South Delta Exports Across
the Range of Data Modeled by Newman (2003), Holding Other Covariates at Mean
Values, Assuming Closed Delta Cross Channel Gates, and Fish Releases From

SACTAMENTO ...tttk ettt ettt e bt e ekt e et e e s be e et e esbn e e nbeesrneebeesnneeneens 5.D-243
Figure 5.D-62. Assumed Proportional Distribution of Fall-Run and Spring-Run Chinook

Salmon Smolts Entering the Delta For the Through-Delta Survival Analysis............ 5.D-243
Figure 5.D-63. Relationship between Sacramento River Flow at Freeport and Turbidity at

COUITIANG. ...ttt b e bt e b e et e e e e sbe e e 5.D-244
Figure 5.D-64. Relative Effect of South Delta Exports and Sacramento River Flow

Downstream of the NDD on Spring-Run Chinook Salmon Survival. ......................... 5.D-247

Figure 5.D-65. Juvenile Chinook Salmon Survival in DPM Reaches Sac3 and Sac4

(Sacramento River at Georgiana Slough to Chipps Island) as a Function of

Sacramento River Flow Below Georgiana Slough, As Implemented for the Analysis

Based 0N Perry (2010). ..ot 5.D-249
Figure 5.D-66. Time Series of 95% Confidence Interval Annual Juvenile Winter-Run

Chinook Salmon Weighted Survival from the Sacramento River at Georgiana Slough
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to Chipps Island, Estimated from the Analysis Based on Perry (2010), During Pulse

PrOTECLION FIOWS. ...oviiiiiiiiciee e bbb 5.D-250
Figure 5.D-67. Time Series of 95% Confidence Interval Annual Juvenile Winter-Run

Chinook Salmon Through-Delta Weighted Survival from the Sacramento River at

Georgiana Slough to Chipps Island, Estimated from the Analysis Based on Perry

(2010), During Level 1 NDD Bypass FIOWS. ........ccccovviiieiieeieiieseess e 5.D-251
Figure 5.D-68. Time Series of 95% Confidence Interval Annual Juvenile Winter-Run

Chinook Salmon Weighted Survival from the Sacramento River at Georgiana Slough

to Chipps Island, Estimated from the Analysis Based on Perry (2010), During Level 2

NDD BYPASS FIOWS......ccuviiiieiiieie ettt este e sneesne e e 5.D-252
Figure 5.D-69. Time Series of 95% Confidence Interval Annual Juvenile Winter-Run

Chinook Salmon Weighted Survival from the Sacramento River at Georgiana Slough

to Chipps Island, Estimated from the Analysis Based on Perry (2010), During Level 3

NDD BYPASS FIOWS......ccuviiiieiiicie ettt este e e sneesne e e 5.D-253
Figure 5.D-70. Time Series of 95% Confidence Interval Annual Juvenile Winter-Run

Chinook Salmon Total Survival from the Sacramento River at Georgiana Slough to

Chipps Island, Estimated from the Analysis Based on Perry (2010)........cccccevvevvennne 5.D-254
Figure 5.D-71. Exceedance Plot of Annual Juvenile Winter-Run Chinook Salmon

Weighted Survival from the Sacramento River at Georgiana Slough to Chipps Island,

Estimated from the Analysis Based on Perry (2010), By NDD Bypass Flow Level... 5.D-255
Figure 5.D-72. Time Series of 95% Confidence Interval Annual Juvenile Spring-Run

Chinook Salmon Weighted Survival from the Sacramento River at Georgiana Slough

to Chipps Island, Estimated from the Analysis Based on Perry (2010), During Pulse

PrOTECLION FIOWS. ....o.viiiiiiiiicee e bbb 5.D-256
Figure 5.D-73. Time Series of 95% Confidence Interval Annual Juvenile Spring-Run

Chinook Salmon Weighted Survival from the Sacramento River at Georgiana Slough

to Chipps Island, Estimated from the Analysis Based on Perry (2010), During Level 1

NDD BYPASS FIOWS.......cuviiiiiiieie ettt este e esne e e 5.D-257
Figure 5.D-74. Time Series of 95% Confidence Interval Annual Juvenile Spring-Run

Chinook Salmon Weighted Survival from the Sacramento River at Georgiana Slough

to Chipps Island, Estimated from the Analysis Based on Perry (2010), During Level 2

NDD BYPASS FIOWS......ccuviiiieiieiecie sttt esne e sneenne e e 5.D-258
Figure 5.D-75. Time Series of 95% Confidence Interval Annual Juvenile Spring-Run

Chinook Salmon Weighted Survival from the Sacramento River at Georgiana Slough

to Chipps Island, Estimated from the Analysis Based on Perry (2010), During Level 3

NDD BYPASS FIOWS.......cuviiiieiieie ettt e e esne e e 5.D-259
Figure 5.D-76. Time Series of 95% Confidence Interval Annual Juvenile Spring-Run

Chinook Salmon Total Survival from the Sacramento River at Georgiana Slough to

Chipps Island, Estimated from the Analysis Based on Perry (2010)........cccccoevervennnne 5.D-260
Figure 5.D-77. Exceedance Plot of Annual Juvenile Spring-Run Chinook Salmon Weighted

Survival from the Sacramento River at Georgiana Slough to Chipps Island, Estimated

from the Analysis Based on Perry (2010), By NDD Bypass Flow Level.................... 5.D-261
Figure 5.D-78. Time Series of 95% Confidence Interval Annual Juvenile Chinook Salmon

Weighted Survival from the Sacramento River at Georgiana Slough to Chipps Island,

Estimated from the Analysis Based on Perry (2010), During Pulse Protection Flows,

Assuming Equal Daily Weighting from December to June............cccoovevveenvennsnenee. 5.D-262
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Figure 5.D-79. Time Series of 95% Confidence Interval Annual Juvenile Chinook Salmon
Weighted Survival from the Sacramento River at Georgiana Slough to Chipps Island,
Estimated from the Analysis Based on Perry (2010), During Level 1 NDD Bypass
Flows, Assuming Equal Daily Weighting from December to June............cccccevuvennee. 5.D-263

Figure 5.D-80. Time Series of 95% Confidence Interval Annual Juvenile Chinook Salmon
Weighted Survival from the Sacramento River at Georgiana Slough to Chipps Island,
Estimated from the Analysis Based on Perry (2010), During Level 2 NDD Bypass
Flows, Assuming Equal Daily Weighting from December to June............cccccevvvennee. 5.D-264

Figure 5.D-81. Time Series of 95% Confidence Interval Annual Juvenile Chinook Salmon
Weighted Survival from the Sacramento River at Georgiana Slough to Chipps Island,
Estimated from the Analysis Based on Perry (2010), During Level 3 NDD Bypass
Flows, Assuming Equal Daily Weighting from December to June............cccccevvvennee. 5.D-265

Figure 5.D-82. Time Series of 95% Confidence Interval Annual Juvenile Chinook Salmon
Total Survival from the Sacramento River at Georgiana Slough to Chipps Island,

Estimated from the Analysis Based on Perry (2010), Assuming Equal Daily
Weighting from December 10 JUNE. .......ccveiiiiiiiiee e 5.D-266

Figure 5.D-83. Exceedance Plot of Annual Juvenile Chinook Salmon Weighted Survival
from the Sacramento River at Georgiana Slough to Chipps Island, Estimated from the
Analysis Based on Perry (2010), By NDD Bypass Flow Level and Assuming Equal

Daily Weighting from December t0 JUNE. ........cccovieiiiieiiee e 5.D-267
Figure 5.D-84. Benches Analyzed for Inundation Effects of the PA. ..o 5.D-272
Figure 5.D-85. Habitat Suitability Curve for Juvenile Chinook Salmon...........ccccccevenennee. 5.D-273

Figure 5.D-86. Segments 2—6 of the Sacramento River Used in USFWS Studies to
Determine Spawning Weighted Usable Area (WUA) (flows in the figure are the
average flows at the upstream boundary of each segment for October 1974 to

September 1993). Source: USFWS 2003a.........cccceiirirerieiieeieeieseesieesieseesseeeessaeneens 5.D-289
Figure 5.D-87. Spawning WUA curves for Winter-Run Chinook Salmon in the Sacramento
River, Segments 4 to 6. ACID = Anderson-Cottonwood Irrigation District ............... 5.D-290

Figure 5.D-88. Spawning WUA curves for California Central Valley Steelhead in the
Sacramento River, Segments 4 to 6. ACID = Anderson-Cottonwood Irrigation District . 5.D-
290
Figure 5.D-89. Spawning WUA Curves for Fall-Run Chinook Salmon in the Sacramento
River, Segments 4 to 6. The fall-run curves were used to quantify spring-run Chinook
salmon WUA, as discussed in the text. ACID = Anderson-Cottonwood Irrigation
1] £ ! SRR SUPR 5.D-291
Figure 5.D-90. Spawning WUA Curves for Steelhead in the American River.................... 5.D-293
Figure 5.D-91. Relationship between Mean Monthly Flows and Maximum Daily Flows
during December through April, Sacramento River at Keswick 1938-2015. Minimum
monthly flow is identified IN red...........ccooiiiii e 5.D-308
Figure 5.D-92. Relationship between Mean Monthly Flows and Maximum Daily Flows
during December through April, Sacramento River at Bend Bridge, 1993-2015.
Minimum monthly flow is identified iN red..........cccooe e 5.D-308
Figure 5.D-93. Relationship between Mean Monthly Flows and Maximum Daily Flows
during December through April, American River Downstream of Hazel Avenue,
1950-2015. Minimum monthly flow is identified inred.........c.ccooeiiiiieiiiieies 5.D-309
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Figure 5.D-94. Rearing WUA curves for Winter-Run Chinook Salmon Fry in the

Sacramento River, Segments 4 to 6. ACID = Anderson-Cottonwood Irrigation

1] £ To! SRRSO 5.D-313
Figure 5.D-95. Rearing WUA curves for Winter-Run Chinook Salmon Juveniles in the

Sacramento River, Segments 4 to 6. ACID = Anderson-Cottonwood Irrigation

D] 1 [ RSP STPR PP PPRPRPRPRN 5.D-314
Figure 5.D-96. Rearing WUA Curves for Fall-Run Chinook Salmon Fry in the Sacramento

River, Segments 4 to 6. (The fall-run curves were used to quantify spring-run Chinook

salmon WUA, as discussed in the text.) ACID = Anderson-Cottonwood Irrigation

D] 1 [ TR SS PRSP P PP PRPRPRPRN 5.D-314
Figure 5.D-97. Rearing WUA Curves for Fall-Run Chinook Salmon Juveniles in the

Sacramento River, Segments 4 to 6. (The fall-run curves were used to quantify spring-

run Chinook salmon WUA, as discussed in the text.) ACID = Anderson-Cottonwood

LT T U o g I DT 1] 1 T USSR 5.D-315
Figure 5.D-98. Rearing WUA Curves for Late Fall-Run Chinook Salmon Fry in the

Sacramento River, Segments 4 to 6. (The late fall-run curves were used to quantify

CCV steelhead rearing WUA, as discussed in the text.) ACID = Anderson-

Cottonwood Irrigation DISIIIC. ......c.ecveiieicie e 5.D-315
Figure 5.D-99. Rearing WUA Curves for Late Fall-Run Chinook Salmon Juveniles in the

Sacramento River, Segments 4 to 6. (The late fall-run curves were used to quantify

CCV steelhead rearing WUA, as discussed in the text.) ACID = Anderson-

Cottonwood Irrigation DISIIICT. ......c.ecveiieie e 5.D-316
Figure 5.D-100. Exceedance Plot of Winter-Run Chinook Salmon Percent of Redds

Dewatered for NAA and PA Model Scenarios in River Segment 6, All Water Years 5.D-462
Figure 5.D-101. Exceedance Plot of Winter-Run Chinook Salmon Percent of Redds

Dewatered for NAA and PA Model Scenarios in River Segment 6, Wet Water Years .... 5.D-

462
Figure 5.D-102. Exceedance Plot of Winter-Run Chinook Salmon Percent of Redds

Dewatered for NAA and PA Model Scenarios in River Segment 6, Above Normal

A LT O =T L TP PR PR 5.D-463
Figure 5.D-103. Exceedance Plot of Winter-Run Chinook Salmon Percent of Redds

Dewatered for NAA and PA Model Scenarios in River Segment 6, Below Normal

WVALET YBAIS. ...ttt b e b e b e e b e e e sab et e nnbe e e snbe e e anne s 5.D-463
Figure 5.D-104. Exceedance Plot of Winter-Run Chinook Salmon Percent of Redds

Dewatered for NAA and PA Model Scenarios in River Segment 6, Dry Water Years5.D-464
Figure 5.D-105. Exceedance Plot of Winter-Run Chinook Salmon Percent of Redds

Dewatered for NAA and PA Model Scenarios in River Segment 6, Critical Water

D (T LU P PO PR PP PRPTRPRN 5.D-464
Figure 5.D-106. Exceedance Plot of Winter-Run Chinook Salmon Percent of Redds

Dewatered for NAA and PA Model Scenarios in River Segment 4, All Water Years 5.D-465
Figure 5.D-107. Exceedance Plot of Winter-Run Chinook Salmon Percent of Redds

Dewatered for NAA and PA Model Scenarios in River Segment 4, Wet Water Years .... 5.D-

465
Figure 5.D-108. Exceedance Plot of Winter-Run Chinook Salmon Percent of Redds

Dewatered for NAA and PA Model Scenarios in River Segment 4, Above Normal

A LT O =T L TSP PR PR 5.D-466
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Figure 5.D-109. Exceedance Plot of Winter-Run Chinook Salmon Percent of Redds

Dewatered for NAA and PA Model Scenarios in River Segment 4, Below Normal

WVALET YBAIS. ...ttt sttt e e b e e b e e s b e e e s abe e e nnb e e e snbe e e anne s 5.D-466
Figure 5.D-110. Exceedance Plot of Winter-Run Chinook Salmon Percent of Redds

Dewatered for NAA and PA Model Scenarios in River Segment 4, Dry Water Years5.D-467
Figure 5.D-111. Exceedance Plot of Winter-Run Chinook Salmon Percent of Redds

Dewatered for NAA and PA Model Scenarios in River Segment 4, Critical Water

D (T LU P PO PR PP PRPTRPRN 5.D-467
Figure 5.D-112. Exceedance Plot of Spring-Run Chinook Salmon Percent of Redds

Dewatered for NAA and PA Model Scenarios in River Segment 6, All Water Years 5.D-470
Figure 5.D-113. Exceedance Plot of Spring-Run Chinook Salmon Percent of Redds

Dewatered for NAA and PA Model Scenarios in River Segment 6, Wet Water Years .... 5.D-

470
Figure 5.D-114. Exceedance Plot of Spring-Run Chinook Salmon Percent of Redds

Dewatered for NAA and PA Model Scenarios in River Segment 6, Above Normal

A LT O =T L TSP PR PR 5.D-471
Figure 5.D-115. Exceedance Plot of Spring-Run Chinook Salmon Percent of Redds

Dewatered for NAA and PA Model Scenarios in River Segment 6, Below Normal

WVALET YBAIS. ...ttt ettt e bt bt e b e e s b e e st et e anbe e e snbe e e anneas 5.D-471
Figure 5.D-116. Exceedance Plot of Spring-Run Chinook Salmon Percent of Redds

Dewatered for NAA and PA Model Scenarios in River Segment 6, Dry Water Years5.D-472
Figure 5.D-117. Exceedance Plot of Spring-Run Chinook Salmon Percent of Redds

Dewatered for NAA and PA Model Scenarios in River Segment 4, All Water Years 5.D-472
Figure 5.D-118. Exceedance Plot of Spring-Run Chinook Salmon Percent of Redds

Dewatered for NAA and PA Model Scenarios in River Segment 4, Wet Water Years .... 5.D-

473
Figure 5.D-119. Exceedance Plot of Spring-Run Chinook Salmon Percent of Redds

Dewatered for NAA and PA Model Scenarios in River Segment 4, Above Normal

A L= O T L T TP TP PPRP PRI 5.D-473
Figure 5.D-120. Exceedance Plot of Spring-Run Chinook Salmon Percent of Redds

Dewatered for NAA and PA Model Scenarios in River Segment 4, Below Normal

A LT O =T L TSP PR 5.D-474
Figure 5.D-121. Exceedance Plot of Spring-Run Chinook Salmon Percent of Redds

Dewatered for NAA and PA Model Scenarios in River Segment 4, Dry Water Years5.D-474
Figure 5.D-122. Exceedance Plot of Spring-Run Chinook Salmon Percent of Redds

Dewatered for NAA and PA Model Scenarios in River Segment 4, Critical Water

D T L T TP OPPPTPRPUPRPRPRIN 5.D-475
Figure 5.D-123. Exceedance Plot of Central Valley Steelhead Percent of Redds Dewatered

for NAA and PA Model Scenarios in River Segment 6, All Water Years.................. 5.D-478
Figure 5.D-124. Exceedance Plot of Central Valley Steelhead Percent of Redds Dewatered

for NAA and PA Model Scenarios in River Segment 6, Wet Water Years................. 5.D-478
Figure 5.D-125. Exceedance Plot of Central Valley Steelhead Percent of Redds Dewatered

for NAA and PA Model Scenarios in River Segment 6, Above Normal Water Years5.D-479
Figure 5.D-126. Exceedance Plot of Central Valley Steelhead Percent of Redds Dewatered

for NAA and PA Model Scenarios in River Segment 6, Below Water Years............. 5.D-479
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Figure 5.D-127. Exceedance Plot of Central Valley Steelhead Percent of Redds Dewatered

for NAA and PA Model Scenarios in River Segment 6, Dry Water Years................. 5.D-480
Figure 5.D-128. Exceedance Plot of Central Valley Steelhead Percent of Redds Dewatered

for NAA and PA Model Scenarios in River Segment 6, Critical Water Years ........... 5.D-480
Figure 5.D-129. Exceedance Plot of Central Valley Steelhead Percent of Redds Dewatered

for NAA and PA Model Scenarios in River Segment 4, All Water Years.................. 5.D-481
Figure 5.D-130. Exceedance Plot of Central Valley Steelhead Percent of Redds Dewatered

for NAA and PA Model Scenarios in River Segment 4, Wet Water Years................. 5.D-481

Figure 5.D-131. Exceedance Plot of Central Valley Steelhead Percent of Redds Dewatered
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Acronyms and Abbreviations

°F
TDADM
ACID
AIC
BiOp
ccv
cfs

cm
CVI
CWT
DCC
DPM
DWR
FL
HSC
I-E
IEP
IFIM
km

m
mS/sec
NAA
OMR
PA
RBDD
Reclamation
RM
SL

taf
USFWS
USGS
WUA
ZINB

degrees Fahrenheit

seven-day average daily maximum
Anderson-Cottonwood Irrigation District
Akaike’s Information Criterion
biological opinion

California Central Valley

cubic feet per second

centimeter

Central Valley Index

coded wire tag

Delta Cross Channel

Delta Passage Model

California Department of Water Resources
fork length

Habitat Suitability Criteria
inflow-export ratio

Interagency Ecological Program
Instream Flow Incremental Methodology
kilometer

meter

cubic meters per second

No Action Alternative

Old and Middle River

Proposed Action

Red Bluff Diversion Dam

Bureau of Reclamation

River Mile

Standard Length

thousand acre-feet

U.S. Fish and Wildlife Service

U.S. Geological Survey

Weighted Usable Area

zero-inflated negative binomial model
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5.D Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

5.D.1 In-Delta Effects
5.D.11 Entrainment and Impingement
5D.1.1.1 North Delta Exports

5D.11.1.1 Screen Passage Time

Swanson et al. (2004) found that juvenile Chinook salmon mortality and injury rate in fish
treadmill experiments were not statistically related to flow regime or screen contact rate.
Although Swanson et al. (2004) provide equations to estimate screen contact rate for juvenile
Chinook salmon, preliminary calculations for this effects analysis suggested that these equations
did not perform well for the lengths of screen contemplated for the proposed NDD. Screen
passage time is another useful measure of potential effects on Chinook salmon, with shorter
passage times being desirable. To illustrate the potential passage time at the proposed north Delta
intake screens, screen passage time for juvenile Chinook salmon of the smallest (4.4 centimeters
[cm] SL [Standard Length ]) and largest (7.9 cm SL) sizes examined by Swanson et al. (2004)
was calculated by dividing screen length by screen passage velocity, based on Swanson et al.’s
(2004) equation for the latter.

Screen passage velocity (cm/s) = 30.94 — 11.87(day/night; day =1, night = 2) - 1.32(sweeping
velocity, cm/s) + 0.72(swimming velocity, cm/s) — 0.39(orientation, degrees) + 0.27(sweeping
velocity x day/night); n = 124, r? = 0.9064, SEE = 6.56

Swimming velocity and orientation for the above equation were calculated using other equations
from Swanson et al. (2004):

Swimming velocity (cm/s) = 27.35 — 12.85(day/night; day =1, night = 2) - 1.25(standard length,
cm) + 0.21(resultant water velocity [cm/s] x day/night); n = 142, r> = 0.7517, SEE = 4.09

Orientation (degrees) = 112.7 — 41.1(day/night, day = 1, night = 2) + 3.6(temperature, °C) —
1.4(resultant water velocity, cm/s) -1.1(swimming velocity, cm/s) — 0.3(flow angle, degrees) +
0.6(resultant water velocity x day/night); n = 124, r> = 0.4877, SEE = 18.8

In the above equations, resultant water velocity was calculated as the square root of (approach
velocity? + sweeping velocity?) and flow angle was calculated as the arctangent of (approach
velocity)/(sweeping velocity), as described by Swanson et al. (2004).

5D.1.1.2 South Delta Exports

Two methods were used to assess potential differences in south Delta entrainment between NAA
and PA: the salvage-density method and salvage estimates based on Zeug and Cavallo (2014).
Regardless of the method used to assess potential south Delta entrainment differences between
NAA and PA, note that there is uncertainty regarding the population-level significance of south
Delta entrainment losses for salmonids and green sturgeon. For example, incidental take of
winter-run Chinook salmon juveniles as a percentage of the juvenile production estimate entering
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the Delta since implementation of the NMFS (2009) BiOp has averaged 0.55% of the JPE (range
0.0-1.3%) and although there is uncertainty in the method of estimating JPE, low levels of
entrainment loss such as those seen in 2014 are unlikely to endanger winter-run Chinook salmon
(Anderson et al. 2014).

5D.1.1.21 Salvage-Density Method

The salvage-density method relies on salvage data and was used to estimate changes in
entrainment at the SWP/CVP export facilities. The same basic method has been used in recent
effects analyses (e.g., the DMC/California Aqueduct Intertie [Bureau of Reclamation 2009]),
with refinements as necessary for the present analysis. Note that the method essentially
functions as a description of changes in export flows weighted by seasonal changes in salvage
density of covered species; although it generates estimates of numbers of fish lost, these
estimates should only be used to compare one operational scenario to another (i.e., proposed
action [PA] vs. no action alternative [NAA]) in order to get a sense of how south Delta exports
differ during the period of Delta occurrence of NMFES-managed fishes?.

5D0.1.12.11 Preprocessing of Input Data

Historical monthly export data (acre-feet) for water years 1995-2009 were obtained from
Reclamation’s Central Valley Operations Total Tracy Pumping web page
(http://www.usbr.gov/mp/cvo/vungvari/tracy_pump.pdf) and California Department of Water
Resources’ (DWR’s) State Water Project Annual Reports of Operations
(http://www.water.ca.gov/swp/operationscontrol/annual.cfm). Historical monthly salvage data
for the water years 1995-2009 were provided by Sheila Greene (DWR) for all species (S. Greene
pers. comm.). (Water year 2009 was excluded for some species because the data were not
complete.) These data are expanded salvage data, i.e., the extrapolated estimates of the total
number of fish salvaged based on a subsample that was actually identified, counted, and
measured. These data provided the basic estimates of fish density (number of fish salvaged per
volume of water exported) that were subsequently multiplied by simulated export data for the
CALSIM modeling period (1922-2003) to assess differences between NAA and scenarios, as
described in Appendix 5.B, DSM Methods and Results. It is acknowledged that expanded salvage
estimates have inherent statistical error associated with the expansion of subsamples (Jahn 2011)
but, consistent with typical analyses employing these data (e.g., Grimaldo et al. 2009), this
statistical error has not been accounted for in the current salvage-density method. The salvage-
density method does not account for spatial distribution of the fish populations, which could
differ between NAA and PA because of other operational factors (e.g., north Delta diversions),
and assumes a linear relationship between entrainment and export flows. The assumption of a
linear relationship is made because of the lack of information on how salvage would increase
with increasing flows. One study that examined entrainment in relation to export rate was that of
Kimmerer (2008), who showed for hatchery-released Chinook salmon that percentage salvage or
percentage entrainment loss was roughly linear up to total south Delta export flows of around
250-275 cubic meters/sec (approximately 8,800-9,700 cfs), depending on assumptions regarding
prescreen losses (Kimmerer 2008: his Figures 9 and 10). For perspective on the current effects
analysis modeling, the percentage of CALSIM-simulated months during the main entrainment

1 For this reason, various complex methodological refinements suggested by a scientific panel reviewing the method
as part of the phase Il review of the public draft Bay Delta Conservation Plan have not been implemented, as these
would not be justified given the fairly coarse intent of the analysis.
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period for Chinook salmon and other covered species (December—June) in which average total
south Delta exports were below 8,800 cfs and 9,700 cfs were as follows.

e NAA: 83% < 8,800 cfs, 86% < 9,700 cfs.
o PA:95% < 8,800 cfs, 98% < 9,700 cfs.

The majority of months were below export flows at which Kimmerer’s (2008) study of Chinook
salmon suggested considerable nonlinear percentage salvage or entrainment loss would occur.
Kimmerer’s (2008) study does not provide an indication of export flow rates at which
nonlinearity may occur for the other species included in this analysis.

Juvenile Chinook salmon were divided into races based on fork length on the date of salvage,
according to the Delta model of length at date (Brown et al. 1996). It should be noted that these
divisions are not without considerable overlap between races, especially for juvenile spring-run
and fall-run Chinook salmon; extrapolations of numbers of fish salvaged by race should be
regarded cautiously, particularly given the relative abundance of the adult stocks from which the
juveniles originate (e.g., fall-run are considerably more abundant than spring-run, and therefore
the relative proportions salvaged should reflect such differences but may not when based on
length criteria). Techniques such as such rapid, real-time DNA analysis are under development
and may allow better classification of race in the future (Harvey et al. 2014). Data for juvenile
Chinook salmon salvage were extrapolated into total entrainment losses to reflect prescreen
losses (75% at SWP and 15% at CVVP), louver efficiency (size-specific equations based on
primary water velocity through the intake screens [California Department of Water Resources
and California Department of Fish and Game 1986: Appendix A]), and losses during transport to
the release site (2% for younger fish, 0% for larger fish [California Department of Water
Resources and California Department of Fish and Game 1986: Appendix A]). In similar fashion,
steelhead also had various entrainment losses applied: prescreen losses of 75% at SWP and 15%
at CVP, and louver losses of 50%.

5D.1.1.2.1.2 Normalization to Population Size

Winter-run Chinook salmon salvage and loss data for analysis were normalized, by measures of
annual juvenile population abundance in the year of entrainment. This step aimed to adjust the
salvage and loss to account for the abundance of the population (e.g., a relatively high number of
fish would be expected to be entrained in a year of relatively high abundance). Normalization
was undertaken by multiplying the raw monthly salvage or loss in a given month by a factor to
account for the relative size of the population in that year compared to the average population
size over the years from which salvage or loss data were available. The factor was the average
population size in the years from which salvage data were available (1996-2009) divided by the
juvenile population size appropriate to the year of salvage. Winter-run Chinook salmon estimates
were normalized by the juvenile production estimate (National Marine Fisheries Service 2009).
No normalization was undertaken for spring-run Chinook salmon, fall-/late fall-run Chinook
salmon, steelhead, or green sturgeon because there are no suitable indices of juvenile annual
abundance for these species.
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5D.1.1.2.1.3 Entrainment Index Calculation

For each species in each month at each facility, density (fish per thousand acre-foot [taf]) as
entrainment loss or expanded salvage was simply calculated as the total loss or expanded salvage
for the facility divided by the total volume of water exported in that month. It is acknowledged
that the assumption of a linear relationship between entrainment and flow may be an
oversimplification given the evidence for nonlinear relationships (e.g., Kimmerer 2008; see
discussion above) and so, as previously described, the method essentially functions as a
description of changes in export flows weighted by seasonal changes in salvage density of
covered species. The mean entrainment index in each month of each water-year type was
calculated as follows: the salvage or loss density for a given month in a given water-year type
was multiplied by the CALSIM-modeled export volume for the same month for all of the water
years of that water-year type. For example, there were 5 wet years (1996-1999, 2006) in the data
used to calculate salvage or loss densities and there were 26 wet years in the CALSIM modeling
of 1922-2003. Using the month of January as an example, there were five unique wet January
salvage or loss densities calculated. Each of these was then multiplied by each of the 26 wet
January export volumes from CALSIM, giving a sample size of 130 from which to calculate
means.

Although the salvage-density method does give estimates of entrainment loss or salvage in
numbers of fish and there are a number of factors included in the calculations such as multipliers
applied for prescreen loss and normalization to population size, it is most appropriate to view the
results comparatively, i.e., to compare relative differences between scenarios as opposed to
examining the estimates of total number of fish lost to entrainment or salvaged. In essence,
and as noted previously, the salvage-density method provides an entrainment index that reflects
export pumping weighted by each covered species’ seasonal pattern of abundance in the Delta,
as reflected by historical salvage data.

5D.1.1.2.14 Detailed Results

Presented below are detailed results tables from the salvage-density method for mean estimated
entrainment loss by month for each water year type, grouped by facility (SWP and CVP) (Table
5.D-1 to Table 5.D-30). The results are discussed in Chapter 5, Effects Analysis for Chinook
Salmon, Central Valley Steelhead, Green Sturgeon, and Killer Whale. Note that the results below
also include fall-/late fall-run Chinook salmon, because of their consideration in the EFH
analysis. As emphasized above, it is most appropriate to view the results comparatively, i.e., to
compare relative differences between scenarios as opposed to examining the estimates of total
number of fish lost to entrainment or salvaged.
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5.D.1.1.2.141 Winter-Run Chinook Salmon

Table 5.D-1. Estimated Mean Monthly Entrainment Index (Number of Fish Lost, Based on Normalized Salvage Data) of Juvenile Winter-Run Chinook
Salmon for NAA and PA Scenarios at the SWP and CVP Salvage Facilities for Wet Water Years

Month State Water Project Central Valley Project
NAA PA PA vs. NAA! NAA PA PA vs. NAA!
October 0 0 0 (0%) 0 0 0 (0%)
November 0 0 0 (0%) 0 0 0 (0%)
December 423 397 -25 (-6%) 99 76 -23 (-23%)
January 2,834 1,260 -1,574 (-56%) 147 66 -81 (-55%)
February 704 162 -542 (-77%) 191 59 -132 (-69%)
March 5,756 1,566 -4,191 (-73%) 861 36 -825 (-96%)
April 909 145 -764 (-84%) 106 11 -95 (-90%)
May 2 0 -1 (-75%) 0 0 0 (0%)
June 0 0 0 (0%) 0 0 0 (0%)
July 0 0 0 (0%) 0 0 0 (0%)
August 0 0 0 (0%) 0 0 0 (0%)
September 0 0 0 (0%) 0 0 0 (0%)
Annual Mean 10,629 3,531 -7,097 (-67%) 1,404 248 -1,156 (-82%)
I\k:\tl(:'e.gative values indicate lower entrainment loss under the proposed action (PA) than under the NAA (NAA).
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Table 5.D-2. Estimated Mean Monthly Entrainment Index (Number of Fish Lost, Based on Normalized Salvage Data) of Juvenile Winter-Run Chinook
Salmon for NAA and PA Scenarios at the SWP and CVP Salvage Facilities for Above Normal Water Years

Month State Water Project Central Valley Project
NAA PA PA vs. NAA! NAA PA PA vs. NAA!
October 0 0 0 (0%) 0 0 0 (0%)
November 0 0 0 (0%) 0 0 0 (0%)
December 372 314 -58 (-16%) 19 17 -2 (-12%)
January 852 570 -282 (-33%) 50 22 -28 (-56%)
February 2,625 1,949 -676 (-26%) 178 44 -134 (-75%)
March 2,071 226 -1,845 (-89%) 311 38 -273 (-88%)
April 74 14 -60 (-81%) 50 11 -39 (-78%)
May 0 0 0 (0%) 3 1 -3 (-73%)
June 0 0 0 (0%) 1 1 0 (-36%)
July 0 0 0 (0%) 0 0 0 (0%)
August 0 0 0 (0%) 0 0 0 (0%)
September 0 0 0 (0%) 0 0 0 (0%)
Annual Mean 5,995 3,073 -2,922 (-49%) 613 134 -479 (-78%)
i\lol\tl(:‘a.gative values indicate lower entrainment loss under the proposed action (PA) than under the no action alternative (NAA).
Biological Assessment for the 5D-6 July 2016
California WaterFix

ICF 00237.15



Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

Table 5.D-3. Estimated Mean Monthly Entrainment Index (Number of Fish Lost, Based on Normalized Salvage Data) of Juvenile Winter-Run Chinook
Salmon for NAA and PA Scenarios at the SWP and CVP Salvage Facilities for Below Normal Water Years

Month State Water Project Central Valley Project
NAA PA PA vs. NAA! NAA PA PA vs. NAA!
October 0 0 0 (0%) 0 0 0 (0%)
November 0 0 0 (0%) 0 0 0 (0%)
December 112 93 -19 (-17%) 49 45 -4 (-9%)
January 394 181 -213 (-54%) 85 26 -59 (-70%)
February 2,014 1,399 -616 (-31%) 311 212 -100 (-32%)
March 3,063 1,718 -1,345 (-44%) 345 246 -99 (-29%)
April 20 14 -6 (-30%) 0 0 0 (0%)
May 52 29 -22 (-43%) 0 0 0 (0%)
June 0 0 0 (0%) 0 0 0 (0%)
July 0 0 0 (0%) 0 0 0 (0%)
August 0 0 0 (0%) 0 0 0 (0%)
September 0 0 0 (0%) 0 0 0 (0%)
Annual Mean 5,655 3,434 -2,221 (-39%) 790 529 -261 (-33%)
i\lol\tl(:‘a.gative values indicate lower entrainment loss under the proposed action (PA) than under the no action alternative (NAA).
Biological Assessment for the 5D-7 July 2016
California WaterFix

ICF 00237.15



Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,

Central Valley Steelhead, Green Sturgeon, and Killer Whale

Table 5.D-4. Estimated Mean Monthly Entrainment Index (Number of Fish Lost, Based on Normalized Salvage Data) of Juvenile Winter-Run Chinook

Salmon for NAA and PA Scenarios at the SWP and CVP Salvage Facilities for Dry Water Years

Month State Water Project Central Valley Project
PA PA vs. NAA! NAA PA PA vs. NAA!
October 0 0 (0%) 0 0 0 (0%)
November 0 0 (0%) 0 0 0 (0%)
December 216 -25 (-10%) 37 35 -2 (-6%)
January 104 -43 (-29%) 65 41 -24 (-37%)
February 739 -105 (-12%) 237 147 -91 (-38%)
March 1,657 -354 (-18%) 361 235 -126 (-35%)
April 59 -24 (-29%) 31 23 -8 (-25%)
May 0 0 (0%) 0 0 0 (0%)
June 0 0 (0%) 0 0 0 (0%)
July 0 0 (0%) 0 0 0 (0%)
August 0 0 (0%) 0 0 0 (0%)
September 0 0 (0%) 0 0 0 (0%)
Annual Mean 2,775 -552 (-17%) 731 481 -250 (-34%)
Notes:
! Negative values indicate lower entrainment loss under the proposed action (PA) than under the no action alternative (NAA).

Biological Assessment for the
California WaterFix

5.D-8

July 2016
ICF 00237.15



Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,

Central Valley Steelhead, Green Sturgeon, and Killer Whale

Table 5.D-5. Estimated Mean Monthly Entrainment Index (Number of Fish Lost, Based on Normalized Salvage Data) of Juvenile Winter-Run Chinook
Salmon for NAA and PA Scenarios at the SWP and CVP Salvage Facilities for Critical Water Years

Month State Water Project Central Valley Project
NAA PA PA vs. NAA! NAA PA PA vs. NAA!
October 0 0 0 (0%) 0 0 0 (0%)
November 0 0 0 (0%) 0 0 0 (0%)
December 0 0 0 (0%) 0 0 0 (0%)
January 163 136 -27 (-17%) 38 30 -8 (-20%)
February 268 288 20 (7%) 91 56 -34 (-38%)
March 464 328 -136 (-29%) 173 154 -19 (-11%)
April 22 20 -2 (-9%) 3 3 0 (-13%)
May 0 0 0 (0%) 0 0 0 (0%)
June 0 0 0 (0%) 0 0 0 (0%)
July 0 0 0 (0%) 0 0 0 (0%)
August 0 0 0 (0%) 0 0 0 (0%)
September 0 0 0 (0%) 0 0 0 (0%)
Annual Mean 917 772 -145 (-16%) 305 244 -62 (-20%)
Note:
! Negative values indicate lower entrainment loss under the proposed action (PA) than under the no action alternative (NAA).
Biological Assessment for the July 2016

California WaterFix

5.D-9

ICF 00237.15




Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

5.D.11.2142 Spring-Run Chinook Salmon

Table 5.D-6. Estimated Mean Monthly Entrainment Index (Number of Fish Lost, Based on Nonnormalized Salvage Data) of Juvenile Spring-Run
Chinook Salmon for NAA and PA Scenarios at the SWP and CVP Salvage Facilities for Wet Water Years

Month State Water Project Central Valley Project
NAA PA PA vs. NAA! NAA PA PA vs. NAA!
October 7 2 -5 (-70%) 0 0 0 (0%)
November 0 0 0 (0%) 0 0 0 (0%)
December 0 0 0 (0%) 0 0 0 (0%)
January 0 0 0 (0%) 0 0 0 (0%)
February 199 46 -153 (-77%) 28 9 -19 (-69%)
March 5,268 1,433 -3,835 (-73%) 3,831 158 -3,673 (-96%)
April 13,506 2,158 -11,348 (-84%) 6,525 673 -5,852 (-90%)
May 7,837 1,927 -5,910 (-75%) 3,058 238 -2,820 (-92%)
June 376 178 -198 (-53%) 158 48 -110 (-70%)
July 0 0 0 (0%) 0 0 0 (0%)
August 0 0 0 (0%) 0 0 0 (0%)
September 0 0 0 (0%) 0 0 0 (0%)
Annual Mean 27,193 5,743 -21,449 (-79%) 13,600 1,125 -12,474 (-92%)
I\k:\tl(:'e.gative values indicate lower entrainment loss under the proposed action (PA) than under the no action alternative (NAA).
e

ICF 00237.15



Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,

Central Valley Steelhead, Green Sturgeon, and Killer Whale

Table 5.D-7. Estimated Mean Monthly Entrainment Index (Number of Fish Lost, Based on Nonnormalized Salvage Data) of Juvenile Spring-Run
Chinook Salmon for NAA and PA Scenarios at the SWP and CVP Salvage Facilities for Above Normal Water Years

Month State Water Project Central Valley Project
NAA PA PA vs. NAA! NAA PA PA vs. NAA!
October 0 0 0 (0%) 0 0 0 (0%)
November 0 0 0 (0%) 0 0 0 (0%)
December 0 0 0 (0%) 0 0 0 (0%)
January 5 4 -2 (-33%) 5 2 -3 (-56%)
February 57 42 -15 (-26%) 13 3 -10 (-75%)
March 4,920 536 -4,384 (-89%) 1,459 180 -1,279 (-88%)
April 9,692 1,816 -7,876 (-81%) 3,144 696 -2,449 (-78%)
May 2,165 439 -1,726 (-80%) 543 148 -395 (-73%)
June 74 34 -40 (-54%) 12 7 -4 (-36%)
July 0 0 0 (0%) 0 0 0 (0%)
August 0 0 0 (0%) 0 0 0 (0%)
September 9 2 -7 (-78%) 0 0 0 (0%)
Annual Mean 16,923 2,873 -14,049 (-83%) 5,176 1,035 -4,140 (-80%)
i\lol\tl(:‘a.gative values indicate lower entrainment loss under the proposed action (PA) than under the no action alternative (NAA).

Biological Assessment for the
California WaterFix

5.D-11

July 2016
ICF 00237.15




Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,

Central Valley Steelhead, Green Sturgeon, and Killer Whale

Table 5.D-8. Estimated Mean Monthly Entrainment Index (Number of Fish Lost, Based on Nonnormalized Salvage Data) of Juvenile Spring-Run
Chinook Salmon for NAA and PA Scenarios at the SWP and CVP Salvage Facilities for Below Normal Water Years

Month State Water Project Central Valley Project
NAA PA PA vs. NAA! NAA PA PA vs. NAA!
October 0 0 0 (0%) 0 0 0 (0%)
November 0 0 0 (0%) 0 0 0 (0%)
December 0 0 0 (0%) 0 0 0 (0%)
January 11 5 -6 (-54%) 0 0 0 (0%)
February 27 18 -8 (-31%) 0 0 0 (0%)
March 1,818 1,020 -798 (-44%) 426 304 -122 (-29%)
April 2,269 1,580 -689 (-30%) 323 265 -58 (-18%)
May 766 437 -329 (-43%) 104 73 -31 (-30%)
June 0 0 0 (0%) 0 0 0 (0%)
July 0 0 0 (0%) 0 0 0 (0%)
August 0 0 0 (0%) 0 0 0 (0%)
September 0 0 0 (0%) 0 0 0 (0%)
Annual Mean 4,892 3,061 -1,831 (-37%) 853 642 -211 (-25%)
i\lol\tl(:‘a.gative values indicate lower entrainment loss under the proposed action (PA) than under the no action alternative (NAA).

Biological Assessment for the
California WaterFix

5.D-12

July 2016
ICF 00237.15



Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

Table 5.D-9. Estimated Mean Monthly Entrainment Index (Number of Fish Lost, Based on Nonnormalized Salvage Data) of Juvenile Spring-Run
Chinook Salmon for NAA and PA Scenarios at the SWP and CVP Salvage Facilities for Dry Water Years

Month State Water Project Central Valley Project
NAA PA PA vs. NAA! NAA PA PA vs. NAA!
October 0 0 0 (0%) 0 0 0 (0%)
November 0 0 0 (0%) 0 0 0 (0%)
December 0 0 0 (0%) 0 0 0 (0%)
January 0 0 0 (0%) 5 3 -2 (-37%)
February 0 0 0 (0%) 2 1 -1 (-38%)
March 1,104 910 -194 (-18%) 415 270 -144 (-35%)
April 5,799 4,104 -1,695 (-29%) 1,760 1,316 -445 (-25%)
May 4,033 2,365 -1,668 (-41%) 86 62 -24 (-28%)
June 0 0 0 (0%) 3 3 0 (-12%)
July 0 0 0 (0%) 0 0 0 (0%)
August 0 0 0 (0%) 0 0 0 (0%)
September 0 0 0 (0%) 0 0 0 (0%)
Annual Mean 10,936 7,378 -3,557 (-33%) 2,271 1,655 -616 (-27%)
i\lol\tl(:‘a.gative values indicate lower entrainment loss under the proposed action (PA) than under the no action alternative (NAA).
O e er e

ICF 00237.15



Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,

Central Valley Steelhead, Green Sturgeon, and Killer Whale

Table 5.D-10. Estimated Mean Monthly Entrainment Index (Number of Fish Lost, Based on Nonnormalized Salvage Data) of Juvenile Spring-Run

Chinook Salmon for NAA and PA Scenarios at the SWP and CVP Salvage Facilities for Critical Water Years

Month State Water Project Central Valley Project
NAA PA PA vs. NAA! NAA PA PA vs. NAA!
October 0 0 0 (0%) 0 0 0 (0%)
November 0 0 0 (0%) 0 0 0 (0%)
December 0 0 0 (0%) 0 0 0 (0%)
January 0 0 0 (0%) 0 0 0 (0%)
February 0 0 0 (0%) 0 0 0 (0%)
March 143 101 -42 (-29%) 72 64 -8 (-11%)
April 2,663 2,423 -240 (-9%) 1,160 1,006 -153 (-13%)
May 3,016 2,258 -758 (-25%) 758 705 -52 (-7%)
June 37 21 -15 (-42%) 2 2 0 (-12%)
July 0 0 0 (0%) 0 0 0 (0%)
August 0 0 0 (0%) 0 0 0 (0%)
September 0 0 0 (0%) 0 0 0 (0%)
Annual Mean 5,859 4,804 -1,055 (-18%) 1,991 1,777 -214 (-11%)
i\lol\tl(:‘a.gative values indicate lower entrainment loss under the proposed action (PA) than under the no action alternative (NAA).

Biological Assessment for the
California WaterFix

5.D-14

July 2016
ICF 00237.15




Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

5.D.1.1.2.1.4.3 Fall-Run Chinook Salmon

Table 5.D-11. Estimated Mean Monthly Entrainment Index (Number of Fish Lost, Based on Nonnormalized Salvage Data) of Juvenile Fall-Run
Chinook Salmon for NAA and PA Scenarios at the SWP and CVP Salvage Facilities for Wet Water Years

Month State Water Project Central Valley Project
NAA PA PA vs. NAA! NAA PA PA vs. NAA!
October 6 2 -5 (-70%) 16 4 -12 (-76%)
November 75 29 -46 (-62%) 25 9 -16 (-64%)
December 7 6 0 (-6%) 6 4 -1 (-23%)
January 532 237 -296 (-56%) 5,599 2,516 -3,083 (-55%)
February 10,569 2,439 -8,130 (-77%) 10,913 3,362 -7,551 (-69%)
March 2,063 561 -1,502 (-73%) 1,622 67 -1,555 (-96%)
April 2,069 330 -1,738 (-84%) 1,496 154 -1,342 (-90%)
May 23,724 5,833 -17,890 (-75%) 8,588 668 -7,920 (-92%)
June 10,205 4,830 -5,375 (-53%) 8,027 2,417 -5,610 (-70%)
July 446 255 -191 (-43%) 101 47 -53 (-53%)
August 34 18 -15 (-46%) 6 2 -4 (-72%)
September 57 15 -43 (-75%) 3 1 -2 (-61%)
Annual Mean 49,787 14,556 -35,231 (-71%) 36,402 9,251 -27,150 (-75%)
I\k:\tl(:'e.gative values indicate lower entrainment loss under the proposed action (PA) than under the no action alternative (NAA).

Biological Assessment for the

July 2016
California WaterFix 5D-15 ICF 00237.15



Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

Table 5.D-12. Estimated Mean Monthly Entrainment Index (Number of Fish Lost, Based on Nonnormalized Salvage Data) of Juvenile Fall-Run
Chinook Salmon for NAA and PA Scenarios at the SWP and CVP Salvage Facilities for Above Normal Water Years

Month State Water Project Central Valley Project
NAA PA PA vs. NAA! NAA PA PA vs. NAA!
October 0 0 0 (0%) 2 1 -1 (-69%)
November 0 0 0 (0%) 5 2 -2 (-53%)
December 12 10 -2 (-16%) 0 0 0 (0%)
January 16 11 -5 (-33%) 148 66 -82 (-56%)
February 5,492 4,077 -1,415 (-26%) 4,201 1,043 -3,158 (-75%)
March 2,553 278 -2,275 (-89%) 1,436 177 -1,259 (-88%)
April 1,921 360 -1,561 (-81%) 908 201 =707 (-78%)
May 7,685 1,559 -6,126 (-80%) 2,252 612 -1,640 (-73%)
June 4,441 2,050 -2,391 (-54%) 629 404 -225 (-36%)
July 76 25 -52 (-68%) 12 5 -7 (-59%)
August 27 10 -17 (-62%) 0 0 0 (0%)
September 631 142 -489 (-78%) 27 11 -16 (-60%)
Annual Mean 22,854 8,522 -14,332 (-63%) 9,619 2,521 -7,098 (-74%)
i\lol\tl(:‘a.gative values indicate lower entrainment loss under the proposed action (PA) than under the no action alternative (NAA).

Biological Assessment for the July 2016

California WaterFix 5.D-16 ICF 00237.15



Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,

Central Valley Steelhead, Green Sturgeon, and Killer Whale
Table 5.D-13. Estimated Mean Monthly Entrainment Index (Number of Fish Lost, Based on Nonnormalized Salvage Data) of Juvenile Fall-Run

Chinook Salmon for NAA and PA Scenarios at the SWP and CVP Salvage Facilities for Below Normal Water Years
Month State Water Project Central Valley Project
NAA PA PA vs. NAA! NAA PA PA vs. NAA!
October 0 0 0 (0%) 6 1 -5 (-84%)
November 0 0 0 (0%) 7 2 -5 (-72%)
December 0 0 0 (0%) 0 0 0 (0%)
January 0 0 0 (0%) 10 3 -7 (-70%)
February 54 37 -16 (-31%) 143 98 -46 (-32%)
March 4,608 2,585 -2,023 (-44%) 5,417 3,868 -1,549 (-29%)
April 2,055 1,431 -624 (-30%) 419 344 -75 (-18%)
May 2,882 1,644 -1,238 (-43%) 1,097 768 -328 (-30%)
June 276 201 =75 (-27%) 113 82 -30 (-27%)
July 0 0 0 (0%) 7 2 -4 (-67%)
August 0 0 0 (0%) 0 0 0 (0%)
September 0 0 0 (0%) 0 0 0 (0%)
Annual Mean 9,875 5,898 -3,977 (-40%) 7,218 5,168 -2,050 (-28%)
i\lol\tl(:‘a.gative values indicate lower entrainment loss under the proposed action (PA) than under the no action alternative (NAA).
o v e

July 2016
ICF 00237.15



Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

Table 5.D-14. Estimated Mean Monthly Entrainment Index (Number of Fish Lost, Based on Nonnormalized Salvage Data) of Juvenile Fall-Run

Chinook Salmon for NAA and PA Scenarios at the SWP and CVP Salvage Facilities for Dry Water Years
Month State Water Project Central Valley Project
NAA PA PA vs. NAA! NAA PA PA vs. NAA!
October 151 54 -97 (-64%) 4 -3 (-68%)
November 12 -6 (-47%) 2 -1 (-58%)
December 1 0 (-10%) 0 0 (0%)
January 12 -4 (-29%) 39 25 -15 (-37%)
February 24 21 -3 (-12%) 31 19 -12 (-38%)
March 840 692 -148 (-18%) 438 286 -152 (-35%)
April 7,101 5,025 -2,076 (-29%) 1,652 1,234 -417 (-25%)
May 18,329 10,750 -7,579 (-41%) 1,041 753 -288 (-28%)
June 68 36 -33 (-48%) 178 156 -22 (-12%)
July 0 0 0 (0%) 2 1 -1 (-59%)
August 9 7 -2 (-21%) 3 3 0 (13%)
September 0 0 0 (0%) 0 0 0 (0%)
Annual Mean 26,548 16,601 -9,947 (-37%) 3,390 2,479 -911 (-27%)
i\lol\tl(:‘a.gative values indicate lower entrainment loss under the proposed action (PA) than under the no action alternative (NAA).

July 2016
ICF 00237.15

Biological Assessment for the
California WaterFix

5.D-18



Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

Table 5.D-15. Estimated Mean Monthly Entrainment Index (Number of Fish Lost, Based on Nonnormalized Salvage Data) of Juvenile Fall-Run
Chinook Salmon for NAA and PA Scenarios at the SWP and CVP Salvage Facilities for Critical Water Years

Month State Water Project Central Valley Project
NAA PA PA vs. NAA! NAA PA PA vs. NAA!
October 0 0 0 (0%) 0 0 0 (0%)
November 0 0 0 (0%) 0 0 0 (0%)
December 0 0 0 (0%) 0 (0%)
January 0 0 0 (0%) 2 2 0 (-20%)
February 37 40 3 (7%) 22 14 -8 (-38%)
March 16 11 -5 (-29%) 16 14 -2 (-11%)
April 245 223 -22 (-9%) 234 203 -31 (-13%)
May 4,462 3,341 -1,121 (-25%) 2,005 1,866 -139 (-7%)
June 333 193 -140 (-42%) 53 46 -7 (-12%)
July 0 0 0 (0%) 0 0 0 (0%)
August 0 0 0 (0%) 0 0 0 (0%)
September 0 0 0 (0%) 0 0 0 (0%)
Annual Mean 5,093 3,808 -1,285 (-25%) 2,333 2,146 -187 (-8%)
i\lol\tl(:‘a.gative values indicate lower entrainment loss under the proposed action (PA) than under the no action alternative (NAA).
O e er e

ICF 00237.15



5.D0.1.1.2.14.4

Late Fall-Run Chinook Salmon

Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,

Central Valley Steelhead, Green Sturgeon, and Killer Whale

Table 5.D-16. Estimated Mean Monthly Entrainment Index (Number of Fish Lost, Based on Nonnormalized Salvage Data) of Juvenile Late Fall-Run

Chinook Salmon for NAA and PA Scenarios at the SWP and CVP Salvage Facilities for Wet Water Years

Month State Water Project Central Valley Project
NAA PA PA vs. NAA! NAA PA PA vs. NAA!
October 13 4 -9 (-70%) 1 0 -1 (-76%)
November 38 14 -23 (-62%) 15 6 -10 (-64%)
December 194 182 -12 (-6%) 21 16 -5 (-23%)
January 51 23 -28 (-56%) 14 6 -8 (-55%)
February 2 0 -1 (-77%) 0 0 0 (-69%)
March 0 0 0 (0%) 0 0 0 (0%)
April 0 0 0 (0%) 1 0 -1 (-90%)
May 0 0 0 (0%) 0 0 0 (0%)
June 0 0 0 (0%) 1 0 -1 (-70%)
July 0 0 0 (0%) 0 0 0 (0%)
August 7 4 -3 (-46%) 0 0 0 (0%)
September 2 0 -1 (-75%) 0 0 0 (0%)
Annual Mean 306 228 -78 (-25%) 54 29 -25 (-47%)
Note:
! Negative values indicate lower entrainment loss under the proposed action (PA) than under the no action alternative (NAA).
Biological Assessment for the July 2016

California WaterFix

5.D-20

ICF 00237.15




Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

Table 5.D-17. Estimated Mean Monthly Entrainment Index (Number of Fish Lost, Based on Nonnormalized Salvage Data) of Juvenile Late Fall-Run
Chinook Salmon for NAA and PA Scenarios at the SWP and CVP Salvage Facilities for Above Normal Water Years

Month State Water Project Central Valley Project
NAA PA PA vs. NAA! NAA PA PA vs. NAA!
October 6 2 -4 (-71%) 2 1 -1 (-69%)
November 37 20 -17 (-45%) 14 7 -7 (-53%)
December 91 77 -14 (-16%) 18 16 -2 (-12%)
January 106 71 -35 (-33%) 10 5 -6 (-56%)
February 31 23 -8 (-26%) 0 0 0 (0%)
March 0 0 0 (0%) 0 0 0 (0%)
April 0 0 0 (0%) 0 0 0 (0%)
May 0 0 0 (0%) 0 0 0 (0%)
June 0 0 0 (0%) 10 7 -4 (-36%)
July 0 0 0 (0%) 0 0 0 (0%)
August 0 0 0 (0%) 0 0 0 (0%)
September 9 2 -7 (-78%) 0 0 0 (0%)
Annual Mean 280 195 -85 (-30%) 54 34 -20 (-37%)
Note:
! Negative values indicate lower entrainment loss under the proposed action (PA) than under the no action alternative (NAA).
Biological Assessment for the July 2016

California WaterFix 5021 ICF 00237.15



Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,

Central Valley Steelhead, Green Sturgeon, and Killer Whale

Table 5.D-18. Estimated Mean Monthly Entrainment Index (Number of Fish Lost, Based on Nonnormalized Salvage Data) of Juvenile Late Fall-Run
Chinook Salmon for NAA and PA Scenarios at the SWP and CVP Salvage Facilities for Below Normal Water Years

Month

State Water Project

Central Valley Project

NAA PA PA vs. NAA! NAA PA PA vs. NAA!
October 0 0 0 (0%) 0 0 0 (0%)
November 0 0 0 (0%) 0 0 0 (0%)
December 0 0 0 (0%) 0 0 0 (0%)
January 23 11 -13 (-54%) 11 3 -8 (-70%)
February 0 0 0 (0%) 0 0 0 (-32%)
March 0 0 0 (0%) 0 0 0 (0%)
April 0 0 0 (0%) 0 0 0 (0%)
May 0 0 0 (0%) 0 0 0 (0%)
June 0 0 0 (0%) 0 0 0 (0%)
July 0 0 0 (0%) 0 0 0 (0%)
August 0 0 0 (0%) 0 0 0 (0%)
September 0 0 0 (0%) 0 0 0 (0%)
Annual Mean 23 11 -13 (-54%) 12 4 -8 (-68%)
Note:
! Negative values indicate lower entrainment loss under the proposed action (PA) than under the no action alternative (NAA).
O e er e e



Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,

Central Valley Steelhead, Green Sturgeon, and Killer Whale

Table 5.D-19. Estimated Mean Monthly Entrainment Index (Number of Fish Lost, Based on Nonnormalized Salvage Data) of Juvenile Late Fall-Run

Chinook Salmon for NAA and PA Scenarios at the SWP and CVP Salvage Facilities for Dry Water Years

Month State Water Project Central Valley Project
NAA PA PA vs. NAA! NAA PA PA vs. NAA!
October 2 1 -2 (-64%) 0 0 0 (0%)
November 27 14 -13 (-47%) 6 3 -4 (-58%)
December 105 94 -11 (-10%) 25 24 -2 (-6%)
January 7 5 -2 (-29%) 0 0 0 (0%)
February 0 0 0 (0%) 0 0 0 (0%)
March 4 3 -1 (-18%) 0 0 0 (0%)
April 5 4 -2 (-29%) 0 0 0 (0%)
May 0 0 0 (0%) 0 0 0 (0%)
June 0 0 0 (0%) 0 0 0 (0%)
July 0 0 0 (0%) 0 0 0 (0%)
August 0 0 0 (0%) 0 0 0 (0%)
September 0 0 0 (0%) 0 0 0 (0%)
Annual Mean 150 121 -29 (-20%) 32 26 -5 (-17%)
Note:
! Negative values indicate lower entrainment loss under the proposed action (PA) than under the no action alternative (NAA).
Biological Assessment for the July 2016

California WaterFix

5.D-23

ICF 00237.15



Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

Table 5.D-20. Estimated Mean Monthly Entrainment Index (Number of Fish Lost, Based on Nonnormalized Salvage Data) of Juvenile Late Fall-Run
Chinook Salmon for NAA and PA Scenarios at the SWP and CVP Salvage Facilities for Critical Water Years

Month State Water Project Central Valley Project
NAA PA PA vs. NAA! NAA PA PA vs. NAA!
October 0 0 0 (0%) 0 0 0 (0%)
November 0 0 0 (0%) 0 0 0 (0%)
December 0 0 0 (0%) 7 7 0 (0%)
January 28 24 -5 (-17%) 0 0 0 (0%)
February 12 13 1 (7%) 2 1 -1 (-38%)
March 0 0 0 (0%) 0 0 0 (0%)
April 0 0 0 (0%) 0 0 0 (0%)
May 0 0 0 (0%) 0 0 0 (0%)
June 0 0 0 (0%) 0 0 0 (0%)
July 0 0 0 (0%) 0 0 0 (0%)
August 0 0 0 (0%) 0 0 0 (0%)
September 0 0 0 (0%) 0 0 0 (0%)
Annual Mean 41 37 -4 (-9%) 9 8 -1 (-8%)
Note:
! Negative values indicate lower entrainment loss under the proposed action (PA) than under the no action alternative (NAA).
Biological Assessment for the July 2016

5.D-24

California WaterFix ICF 00237.15



5.D0.1.1.2.145

Steelhead

Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,

Central Valley Steelhead, Green Sturgeon, and Killer Whale

Table 5.D-21. Estimated Mean Monthly Entrainment Index (Number of Fish Lost, Based on Nonnormalized Salvage Data) of Juvenile Steelhead for

NAA and PA Scenarios at the SWP and CVP Salvage Facilities for Wet Water Years

Month State Water Project Central Valley Project
NAA PA PA vs. NAA! NAA PA PA vs. NAA!
October 40 12 -28 (-70%) 0 0 0 (0%)
November 11 4 -7 (-62%) 3 1 -2 (-64%)
December 39 36 -2 (-6%) 5 4 -1 (-23%)
January 1,345 598 -747 (-56%) 172 77 -94 (-55%)
February 1,515 350 -1,165 (-77%) 235 72 -163 (-69%)
March 1,463 398 -1,065 (-73%) 402 17 -385 (-96%)
April 465 74 -390 (-84%) 109 11 -98 (-90%)
May 345 85 -260 (-75%) 48 4 -44 (-92%)
June 231 109 -121 (-53%) 46 14 -32 (-70%)
July 5 3 -2 (-43%) 26 12 -14 (-53%)
August 3 2 -1 (-46%) 0 0 0 (0%)
September 4 1 -3 (-75%) 0 0 0 (0%)
Annual Mean 5,464 1,671 -3,792 (-69%) 1,045 212 -833 (-80%)
Note:
! Negative values indicate lower entrainment loss under the proposed action (PA) than under the no action alternative (NAA).
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Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

Table 5.D-22. Estimated Mean Monthly Entrainment Index (Number of Fish Lost, Based on Nonnormalized Salvage Data) of Juvenile Steelhead for
NAA and PA Scenarios at the SWP and CVP Salvage Facilities for Above Normal Water Years

Month State Water Project Central Valley Project
NAA PA PA vs. NAA! NAA PA PA vs. NAA!
October 4 1 -3 (-71%) 0 0 0 (0%)
November 31 17 -14 (-45%) 7 3 -4 (-53%)
December 315 266 -49 (-16%) 29 25 -4 (-12%)
January 3,496 2,338 -1,157 (-33%) 775 345 -431 (-56%)
February 4,740 3,519 -1,221 (-26%) 572 142 -430 (-75%)
March 2,111 230 -1,881 (-89%) 351 43 -308 (-88%)
April 287 54 -233 (-81%) 57 13 -44 (-78%)
May 158 32 -126 (-80%) 36 10 -26 (-73%)
June 72 33 -39 (-54%) 6 4 -2 (-36%)
July 8 3 -6 (-68%) 2 1 -1 (-59%)
August 0 0 0 (0%) 0 0 0 (0%)
September 0 0 0 (0%) 0 0 0 (0%)
Annual Mean 11,221 6,493 -4,729 (-42%) 1,834 585 -1,249 (-68%)
i\lol\tl(:‘a.gative values indicate lower entrainment loss under the proposed action (PA) than under the no action alternative (NAA).
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Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

Table 5.D-23. Estimated Mean Monthly Entrainment Index (Number of Fish Lost, Based on Nonnormalized Salvage Data) of Juvenile Steelhead for
NAA and PA Scenarios at the SWP and CVP Salvage Facilities for Below Normal Water Years

Month State Water Project Central Valley Project
NAA PA PA vs. NAA! NAA PA PA vs. NAA!
October 0 0 0 (0%) 0 0 0 (0%)
November 0 0 0 (0%) 0 0 (0%)
December 115 96 -19 (-17%) 8 -1 (-9%)
January 397 182 -215 (-54%) 53 16 -37 (-70%)
February 5,193 3,605 -1,588 (-31%) 1,642 1,116 -526 (-32%)
March 2,594 1,455 -1,139 (-44%) 577 412 -165 (-29%)
April 44 31 -13 (-30%) 28 23 -5 (-18%)
May 68 39 -29 (-43%) 28 20 -8 (-30%)
June 0 0 0 (0%) 0 0 0 (0%)
July 0 0 0 (0%) 0 0 0 (0%)
August 0 0 0 (0%) 0 0 0 (0%)
September 0 0 0 (0%) 0 0 0 (0%)
Annual Mean 8,413 5,409 -3,004 (-36%) 2,337 1,595 =742 (-32%)
i\lol\tl(:‘a.gative values indicate lower entrainment loss under the proposed action (PA) than under the no action alternative (NAA).
O e er e

ICF 00237.15



Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

Table 5.D-24. Estimated Mean Monthly Entrainment Index (Number of Fish Lost, Based on Nonnormalized Salvage Data) of Juvenile Steelhead for
NAA and PA Scenarios at the SWP and CVP Salvage Facilities for Dry Water Years

Month State Water Project Central Valley Project
NAA PA PA vs. NAA! NAA PA PA vs. NAA!
October 2 1 -1 (-64%) 0 0 (0%)
November 41 22 -19 (-47%) 2 -1 (-58%)
December 99 89 -10 (-10%) 3 0 (-6%)
January 734 520 -214 (-29%) 61 39 -23 (-37%)
February 2,834 2,480 -354 (-12%) 582 360 -222 (-38%)
March 3,606 2,970 -635 (-18%) 786 513 -274 (-35%)
April 557 394 -163 (-29%) 170 127 -43 (-25%)
May 240 141 -99 (-41%) 15 11 -4 (-28%)
June 18 9 -9 (-48%) 5 5 -1 (-12%)
July 15 6 -9 (-59%) 0 0 0 (0%)
August 0 0 0 (0%) 0 0 0 (0%)
September 0 0 0 (0%) 0 0 0 (0%)
Annual Mean 8,147 6,633 -1,513 (-19%) 1,625 1,057 -568 (-35%)
i\lol\tl(:‘a.gative values indicate lower entrainment loss under the proposed action (PA) than under the no action alternative (NAA).
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Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,

Central Valley Steelhead, Green Sturgeon, and Killer Whale

Table 5.D-25. Estimated Mean Monthly Entrainment Index (Number of Fish Lost, Based on Nonnormalized Salvage Data) of Juvenile Steelhead for

NAA and PA Scenarios at the SWP and CVP Salvage Facilities for Critical Water Years

Month

State Water Project

Central Valley Project

NAA PA PA vs. NAA! NAA PA PA vs. NAA!
October 0 0 0 (0%) 0 0 0 (0%)
November 0 0 0 (0%) 0 0 0 (0%)
December 0 0 0 (0%) 0 0 0 (0%)
January 221 184 -37 (-17%) 194 154 -40 (-20%)
February 3,552 3,813 261 (7%) 490 305 -185 (-38%)
March 669 473 -196 (-29%) 107 95 -12 (-11%)
Avpril 182 165 -16 (-9%) 40 35 -5 (-13%)
May 150 112 -38 (-25%) 7 7 -1 (-7%)
June 22 13 -9 (-42%) 0 0 0 (0%)
July 24 11 -13 (-54%) 0 0 0 (0%)
August 0 0 0 (0%) 0 0 0 (0%)
September 0 0 0 (0%) 0 0 0 (0%)
Annual Mean 4,819 4,771 -48 (-1%) 838 597 -242 (-29%)

Note:

! Negative values indicate lower entrainment loss under the proposed action (PA) than under the no action alternative (NAA).
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Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

5.D0.1.1.2.14.6 Green Sturgeon

Table 5.D-26. Estimated Mean Monthly Entrainment Index (Number of Fish Salvaged, Based on Nonnormalized Salvage Data) of Juvenile Green
Sturgeon for NAA and PA Scenarios at the SWP and CVP Salvage Facilities for Wet Water Years

Month State Water Project Central Valley Project
NAA PA PA vs. NAA! NAA PA PA vs. NAA!
October 3 1 -2 (-70%) 8 2 -6 (-76%)
November 6 2 -3 (-62%) 4 1 -3 (-64%)
December 0 0 0 (0%) 9 7 -2 (-23%)
January 2 1 -1 (-56%) 0 0 0 (0%)
February 42 10 -32 (-77%) 0 0 0 (0%)
March 3 1 -2 (-73%) 0 0 0 (0%)
April 0 0 0 (-84%) 1 0 -1 (-90%)
May 0 0 0 (0%) 4 0 -4 (-92%)
June 2 1 -1 (-53%) 7 2 -5 (-70%)
July 1 1 -1 (-43%) 20 9 -11 (-53%)
August 32 17 -15 (-46%) 5 1 -4 (-72%)
September 18 4 -13 (-75%) 11 4 -7 (-61%)
Annual Mean 109 38 -71 (-65%) 69 28 -41 (-60%)
Note:
! Negative values indicate lower salvage loss under the proposed action (PA) than under the no action alternative (NAA).
Biological Assessment for the July 2016
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Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

Table 5.D-27. Estimated Mean Monthly Entrainment Index (Number of Fish Salvaged, Based on Nonnormalized Salvage Data) of Juvenile Green
Sturgeon for NAA and PA Scenarios at the SWP and CVP Salvage Facilities for Above Normal Water Years

Month State Water Project Central Valley Project
NAA PA PA vs. NAA! NAA PA PA vs. NAA!
October 0 0 0 (0%) 0 0 0 (0%)
November 0 0 0 (0%) 0 0 0 (0%)
December 0 0 0 (0%) 0 0 0 (0%)
January 3 2 -1 (-33%) 0 0 0 (0%)
February 6 4 -1 (-26%) 0 0 0 (0%)
March 0 0 0 (0%) 0 0 0 (0%)
April 0 0 0 (0%) 0 0 0 (0%)
May 0 0 0 (0%) 0 0 0 (0%)
June 0 0 0 (0%) 0 0 0 (0%)
July 4 1 -3 (-68%) 0 0 0 (0%)
August 0 0 0 (0%) 0 0 0 (0%)
September 0 0 0 (0%) 0 0 0 (0%)
Annual Mean 12 7 -5 (-41%) 0 0 0 (0%)
Note:
! Negative values indicate lower salvage under the proposed action (PA) than under the no action alternative (NAA).
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Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

Table 5.D-28. Estimated Mean Monthly Entrainment Index (Number of Fish Salvaged, Based on Nonnormalized Salvage Data) of Juvenile Green
Sturgeon for NAA and PA Scenarios at the SWP and CVP Salvage Facilities for Below Normal Water Years

Month State Water Project Central Valley Project
NAA PA PA vs. NAA! NAA PA PA vs. NAA!
October 0 0 0 (0%) 0 0 0 (0%)
November 0 0 0 (0%) 0 0 0 (0%)
December 0 0 0 (0%) 0 0 0 (0%)
January 0 0 0 (0%) 0 0 0 (0%)
February 0 0 0 (0%) 0 0 0 (0%)
March 0 0 0 (0%) 0 0 0 (0%)
April 0 0 0 (0%) 0 0 0 (0%)
May 0 0 0 (0%) 0 0 0 (0%)
June 0 0 0 (0%) 0 0 0 (0%)
July 0 0 0 (0%) 0 0 0 (0%)
August 0 0 0 (0%) 0 0 0 (0%)
September 0 0 0 (0%) 0 0 0 (0%)
Annual Mean 0 0 0 (0%) 0 0 0 (0%)
Note:
! Negative values indicate lower salvage under the proposed action (PA) than under the no action alternative (NAA).
i Aot



Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,

Central Valley Steelhead, Green Sturgeon, and Killer Whale

Table 5.D-29. Estimated Mean Monthly Entrainment Index (Number of Fish Salvaged, Based on Nonnormalized Salvage Data) of Juvenile Green

Sturgeon for NAA and PA Scenarios at the SWP and CVP Salvage Facilities for Dry Water Years

Month

State Water Project

Central Valley Project

NAA PA PA vs. NAA! NAA PA PA vs. NAA!
October 0 0 0 (0%) 18 6 -13 (-68%)
November 1 0 0 (-47%) 22 9 -13 (-58%)
December 17 15 -2 (-10%) 8 7 0 (-6%)
January 0 0 0 (0%) 3 2 -1 (-37%)
February 0 0 0 (0%) 0 0 0 (0%)
March 4 3 -1 (-18%) 0 0 0 (0%)
April 0 0 0 (0%) 0 0 0 (0%)
May 0 0 0 (0%) 0 0 0 (0%)
June 0 0 0 (0%) 0 0 0 (0%)
July 0 0 0 (0%) 0 0 0 (0%)
August 0 0 0 (0%) 0 0 0 (0%)
September 0 0 0 (0%) 0 0 0 (0%)
Annual Mean 22 19 -3 (-13%) 51 24 -27 (-53%)
Note:
! Negative values indicate lower salvage under the proposed action (PA) than under the no action alternative (NAA).
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Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

Table 5.D-30. Estimated Mean Monthly Entrainment Index (Number of Fish Salvaged, Based on Nonnormalized Salvage Data) of Juvenile Green
Sturgeon for NAA and PA Scenarios at the SWP and CVP Salvage Facilities for Critical Water Years

Month State Water Project Central Valley Project
NAA PA PA vs. NAA! NAA PA PA vs. NAA!
October 0 0 0 (0%) 0 0 0 (0%)
November 0 0 0 (0%) 0 0 0 (0%)
December 0 0 0 (0%) 0 0 0 (0%)
January 0 0 0 (0%) 4 3 -1 (-20%)
February 0 0 0 (0%) 0 0 0 (0%)
March 0 0 0 (0%) 0 0 0 (0%)
April 0 0 0 (0%) 3 3 0 (-13%)
May 0 0 0 (0%) 0 0 0 (0%)
June 0 0 0 (0%) 0 0 0 (0%)
July 0 0 0 (0%) 0 0 0 (0%)
August 0 0 0 (0%) 0 0 0 (0%)
September 0 0 0 (0%) 0 0 0 (0%)
Annual Mean 0 0 0 (0%) 7 5 -1 (-17%)
Note:
!Negative values indicate lower salvage under the proposed action (PA) than under the no action alternative (NAA).
Biological Assessment for the July 2016
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Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

5D.1.1.2.2 Salvage Based on Zeug and Cavallo (2014)

An analysis to evaluate differences in entrainment (salvage) at the south Delta export facilities
between NAA and PA was done following the statistical models of salvage of marked (coded-
wire tags) hatchery-reared Chinook salmon published by Zeug and Cavallo (2014). The analysis
focused on winter-run Chinook salmon; spring-run Chinook salmon were not included because
very few marked individuals were salvaged and so the statistical models could not be fit
successfully (Zeug and Cavallo 2014). Several modifications to the methods of Zeug and Cavallo
(2014) were employed to focus on relevant model predictors. First, statistical models of the
empirical data were constructed using only releases of winter-run Chinook salmon raised at the
Livingston Stone Hatchery. Second, salvage at the CVP and SWP south Delta export facilities
was combined and combined exports were used as a predictor rather than modeling each facility
separately. This was done because the range of south Delta export flows from the individual
facilities during the 82-year CalSim-I1 period exceeded the range of the observed data. However,
when both south Delta export facilities are combined, the ranges of modeled and observed data
almost completely overlap. Third, some variables were excluded from the statistical models
because they were not significant in the original analysis or they were not relevant in this
context. For example, the original analysis used the variable “distance of release from the
facilities”. However, winter-run Chinook salmon were only released from a single location,
making this predictor irrelevant. Finally, to determine which hydrologic variables were the best
predictors of salvage, a model selection exercise was performed using the original data from
Zeug and Cavallo (2014).

The model selection exercise included five potential hydrologic predictor variables including;
Old and Middle River flows (OMR), inflow-export ratio (I-E)?, total south Delta exports, San
Joaquin River flow, Sacramento River flow and one biological variable (mean fork length at
release). Most of these variables were strongly correlated so models were constructed only with
variables that had correlation coefficients <0.70 to avoid unacceptable multicolinearity. Table
5.D-31 contains a list of candidate models examined in this exercise. A zero-inflated negative
binomial model (ZINB) was fit based only on winter run releases (178 release groups, > 1
million individuals) for each candidate model with standardized predictors for both the count and
zero-inflation portion of the models and the log number of fish released as an offset variable in
the count portion of the model.

To select the best approximating model, Akaike’s Information Criterion (AIC) was calculated for
each model. The model with the lowest AIC value was identified as the best approximating
model. The AIC value of all other models was subtracted from the value of the best
approximating model to calculate the AAIC. Any model that had a AAIC value < 2.0 was
considered a competing model with the best approximating model.

2 Note that is based on the original data from Zeug and Cavallo (2014), and therefore only includes south Delta
exports.
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Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

Table 5.D-31. Six candidate models of salvage evaluated to determine which hydrologic variables were the
best predictors of winter run salvage.

Length Sac Flow SJ Flow Exports OMR I:E Ratio AlCc
Model 1 X X X 462.3
Model 2 X X X 468.1
Model 3 X X X 485.3
Model 4 X X X 480.1
Model 5 X X X X 465.1
Model 6 X X 490.5

A single best model of salvage was selected with no other model having a AAIC <2.8. This
model had three predictor variables for the count model and zero inflation models including
mean fork length of fish at release, Sacramento River flow, and total exports (Table 5.D-32). The
final count model indicated that non-zero salvage was greater when fish were released at a larger
size, flow in the Sacramento River was higher, and exports were higher (Table 5.D-32). For the
zero inflation model, coefficients indicated zero salvage was more likely when fish were released
at a smaller size, Sacramento River flow was higher, and exports were lower (Table 5.D-32).

Table 5.D-32. Parameter estimates from the best approximating model of winter run salvage.

Model Parameter _ Count model Zgro Inflation Model
Coefficient p-value Coefficient p-value
Fork length 0.709 <0.001 -0.776 <0.001
Sacramento River flow 0.155 0.707 0.610 0.140
Total exports 0.350 0.006 -0.957 <0.001

To predict salvage under the NAA and PA, daily flow and export data from DSM2 output was
aggregated into 7-day running means and standardized to the same scale as the empirical data.
This was done to mimic the way data were aggregated in the original publication (7-day means)
and the winter-run specific models described above. A 7-day mean was used because an acoustic
tagging study revealed that was the approximate mean time Chinook salmon smolts spent
transiting through the Delta (Zeug and Cavallo 2014). The total number of fish entering the Delta
in a season was then multiplied by the daily entry proportion defined by the same distribution
used in the Delta Passage Model. The log-transformed product of this calculation was used as the
offset on each day. The distribution did not weight the result but simply distributed the fish over
time.

The values described above (DSM2 data, offset, fish fork length) are used as inputs in the ZINB
model to predict the mean salvage for each day. The size of fish entering the delta was set as the
midpoint size on the 15" of each month using the Delta length-at-date model (Table 5.D-33).
After January, the midpoint value was higher than the observed sizes at release and the model
was set to the maximum observed fork length from February—June (95 mm). However, it should
be noted that the statistical model uses size at release in the Sacramento River near Redding, CA
and fish are assumed to grow between release and the salvage facilities. The mean daily salvage
values were then summarized by month and reported as the proportion of total annual salvage
observed in each month. Additionally, the annual predicted value of salvage in each of the 82
water years was plotted for the NAA and the PA.
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Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,

Central Valley Steelhead, Green Sturgeon, and Killer Whale

Table 5.D-33. Winter run size (mm fork length) predicted by the Delta model (midpoint of range on the 15th
of each month) and the size of fish used in the model based on observed data.

Delta Model Value Used

October 56.5 56.5

November 72,5 72.5
December 93 93
January 119 95
February 153.5 95
March 1935 95
April 218 95
May 237 95
June 262 95

5.D.1.2

5.D.1.2.1

Indirect Mortality Within the Delta (Through-Delta Survival)

Delta Hydrodynamics (DSM2-HYDRO Velocity and Flow Routing at
Junctions)

An examination of differences in Delta hydrodynamics was undertaken based on outputs from
DSM2-HYDRO modeling (see Appendix 5.B, DSM Methods and Results, for overview of this
modeling). The analysis included assessments of differences in velocity (overall velocity,

negative velocity, and proportion of time with negative velocity) and flow routing at junctions.

5.D.1.211

5.D.1.21.11

Methods

Velocity

Velocity is superior variable than flow for examining potential effects on fish because its effects
do not vary with channel size and it has a direct relationship with bioenergetics. Negative
(upstream) velocity may potentially affect migrating juvenile salmonids by delaying migration,
or causing fish to move back and forth in front of junctions leading to lower survival routes,
increasing the chance of entering those routes. If fish require more time to transit the Delta,
mortality may increase if mortality is a function of time or a function of both time and distance.
Ideally, changes in velocity should be linked to species characteristics or thresholds to evaluate
potential effects (e.g., in terms of fish energetics), although for this analysis there was no such
linkage undertaken.

The analysis of velocity examined three metrics: magnitude of channel velocity (i.e., overall
velocity, including positive, zero, and negative velocity); magnitude of negative velocity
measurements; and daily proportion of time velocity is negative. Ten DSM2 channels were
examined based on hypothesized biological relevance (Table 5.D-34). Overall velocity statistics
were based on 15-min DSM2-HYDRO measurements for the 82-year time simulation period.
The proportion of negative velocity measurements (15 min-increments) was calculated for each
day (one proportion for each day). Summary statistics (boxplots) were constructed for each
month and each water year-type from October through June where the unit is the daily
proportion of negative velocity calculated from the 15-min increment data. Similar to the
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Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,

Central Valley Steelhead, Green Sturgeon, and Killer Whale

estimates of overall velocity, the magnitude of negative velocity was also calculated from the 15-
minute DSM2 data for each of the channels listed above.

For each metric, box plots were constructed from the 15-minute (overall velocity and negative
velocity) and 1-day (proportion of negative velocity) data for each month and water year-type.

For channels where the difference in the median proportion of negative velocities between NAA
and PA in any month was > 5%, the results were discussed in detail. Similarly, if the median
magnitude of negative velocities was > 0.10 ft/s in any month at any channel, greater detail will
be provided. The detail provided included a description of how descriptive statistics varied
between scenarios including minimum values, maximum values, 25th quantile, 75" quantile, and
median values.

Table 5.D-34. Channels used in the analysis of velocity under the NAA and the PA.

DSM2 — o
Channel Description Hypothesized importance
San Joaquin River downstream Fish in this region have avoided entering the interior Delta at Head
21 g - of Old River and are in a potentially higher survival route, where
of the head of Old River. . - . .
survival may be influenced by river flow (velocity).
San Joagquin Rlver near the Fish entering the San Joaquin River from the Sacramento River via
45 confluence with the - - -
- Georgiana Slough and the DCC experience this area.
Mokelumne River.
Old River downstream of the Fl_sh_attemptlng to move north f(om the south Delta experience are
94 S within the hydrodynamic footprint of the south Delta export
south Delta export facilities. de - - .
facilities and are particularly susceptible to entrainment.
212 Old River upstream of the Fish moving through Old River experience conditions in this
south Delta export facilities. channel as they approach the facilities.
418 Sacramento River downstream | Fish moving down the Sacramento River could experience
of proposed NDD. operational effects in this region (flow-survival relationships).
Sacramento River upstream of | This region is where fish may enter the interior Delta from the
421 - . . : .
Georgiana Slough. Sacramento River, and there may be flow-survival relationships.
. This region is where fish may enter the interior Delta from the
Sacramento River downstream . . . .
423 of Georaiana Slouah Sacramento River, and river flow (velocity) may affect survival
g gn (i.e., there is a significant flow-survival relationship; Perry 2010).
DCC Delta Cross Channel Fish from Fhe Sacramento River may enter the interior Delta
through this channel.
Fish using this route are not exposed to entrainment into Georgiana
379 Steamboat Slough Slough and the DCC, and river flow (velocity) may affect survival
(i.e., there is a significant flow-survival relationship; Perry 2010)
Fish using this route are not exposed to entrainment into Georgiana
383 Sutter Slough Slough and the DCC, and river flow (velocity) may affect survival
(i.e., there is a significant flow-survival relationship; Perry 2010)
5D.1.21.1.2 Flow Routing at Junctions

Many routes can potentially be used by fish migrating through the Delta and survival through
these routes can be significantly different (Newman 2008; Perry et al. 2010). Thus, routing of
fish at junctions and how routing could be affected by project operations has the potential to
influence through-Delta survival. In general, routes that keep fish in the mainstem Sacramento
and San Joaquin Rivers are superior to routes leading into the interior Delta (Hankin et al. 2010;
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Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

Perry et al. 2010), although some recent findings for the San Joaquin River have not supported
this generality (Buchanan et al. 2013). Perry (2010) found that the routing of fish into the interior
delta through the combined junction of Georgiana Slough and the Delta Cross Channel was a
function of the total flow entering the interior delta through both of those junctions. This is the
function represented in Figure 6.7 within Perry (2010). This function indicated that the slope of
the relationship was less than 1.

Cavallo et al. (2015) performed a meta-analysis of routing at 6 Delta junctions and found that the
proportion of flow entering a junction explained 70% of the variation in routing. Similar to the
Perry (2010) study, the slope of this relationship was less than 1 suggesting fish move into
junctions at a rate less than the proportion of flow. Both of these studies present strong evidence
that routing at junctions is a function of flow into that junction.

For the present effects analysis of the PA, flow routing into junctions was based on the
proportion of flow entering a junction away from the main stem, from DSM2-HYDRO outputs.
Fifteen-minute data were used to calculate the daily proportion of flow that enters the junction,
following the methods of Cavallo et al. (2015). Similar to the analysis of velocity described
previously, the daily value calculated from the 15-minute data will be used to calculate summary
statistics (box plots) for each month (December—June) and water year-type. If the median
entrainment values under NAA and PA differed by > 5% for any month, greater detail in the
description of results was provided, based on a comparison of minimum values, maximum
values, 25th quantile, 75" quantile, and median values.

Flow into seven junctions was analyzed using this metric: junctions from the Sacramento River
included Sutter-Steamboat Sloughs, Delta Cross Channel, and Georgiana Slough; junctions from
the San Joaquin River included head of Old River, Turner Cut, Columbia Cut, Middle River, and
the mouth of Old River.

The combined evidence from the literature strongly indicates routing is a function of flow. Thus,
it can be assumed routing of fish toward the interior delta will increase as the proportion of flow
entering the junction increases. However, the slope of the relationship will be less than 1.

5D.1.2.1.2 Results
5.D.12.1.21 Velocity
5D.1.2.1.2.1.1 Overall Velocity

5.D0.1.2.1.2.1.1.1  Channel 21, San Joaquin River downstream of the head of Old River

Wet Water Years

In the month of January during wet water years, the median water velocity was predicted to be
14% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-1). Median water
velocity (ft/s) was 0.378 for the NAA and 0.433 for the PA (Figure 5.D-1). The 25th percentile
value of water velocity (ft/s) for the NAA was -0.065 and 0.047 for the PA while the 75th
percentile value was 0.589 and 0.655 for the PA (Figure 5.D-1). The minimum value of water
velocity (ft/s) for the NAA was -0.625 and -0.603 for the PA while the maximum value was
2.757 and 2.755 for the PA (Figure 5.D-1).
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In the month of February during wet water years, the median water velocity was predicted to be
13% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-1). Median water
velocity (ft/s) was 0.473 for the NAA and 0.533 for the PA (Figure 5.D-1). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.075 and 0.18 for the PA while the 75th
percentile value was 0.704 and 0.755 for the PA (Figure 5.D-1). The minimum value of water
velocity (ft/s) for the NAA was -0.612 and -0.559 for the PA while the maximum value was
2.006 and 2.002 for the PA (Figure 5.D-1).

In the month of March during wet water years, the median water velocity was predicted to be
14% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-1). Median water
velocity (ft/s) was 0.482 for the NAA and 0.548 for the PA (Figure 5.D-1). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.113 and 0.213 for the PA while the 75th
percentile value was 0.719 and 0.769 for the PA (Figure 5.D-1). The minimum value of water
velocity (ft/s) for the NAA was -0.644 and -0.594 for the PA while the maximum value was
1.798 and 1.799 for the PA (Figure 5.D-1).

In the month of April during wet water years, the median water velocity was predicted to be 15%
lower for the NAA relative to the PA over the 82 water years (Figure 5.D-1). Median water
velocity (ft/s) was 0.428 for the NAA and 0.493 for the PA (Figure 5.D-1). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.067 and 0.157 for the PA while the 75th
percentile value was 0.621 and 0.681 for the PA (Figure 5.D-1). The minimum value of water
velocity (ft/s) for the NAA was -0.543 and -0.462 for the PA while the maximum value was
1.313 and 1.314 for the PA (Figure 5.D-1).

In the month of May during wet water years, the median water velocity was predicted to be 13%
lower for the NAA relative to the PA over the 82 water years (Figure 5.D-1). Median water
velocity (ft/s) was 0.407 for the NAA and 0.462 for the PA (Figure 5.D-1). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.036 and 0.121 for the PA while the 75th
percentile value was 0.606 and 0.662 for the PA (Figure 5.D-1). The minimum value of water
velocity (ft/s) for the NAA was -0.537 and -0.459 for the PA while the maximum value was
1.222 and 1.22 for the PA (Figure 5.D-1).

In the month of June during wet water years, the median water velocity was predicted to be 8%
lower for the NAA relative to the PA over the 82 water years (Figure 5.D-1). Median water
velocity (ft/s) was 0.33 for the NAA and 0.355 for the PA (Figure 5.D-1). The 25th percentile
value of water velocity (ft/s) for the NAA was -0.065 and -0.017 for the PA while the 75th
percentile value was 0.543 and 0.569 for the PA (Figure 5.D-1). The minimum value of water
velocity (ft/s) for the NAA was -0.578 and -0.582 for the PA while the maximum value was
1.185 and 1.181 for the PA (Figure 5.D-1).

Above Normal Water Years

In the month of January during above normal water years, the median water velocity was
predicted to be 23% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-1). Median water velocity (ft/s) was 0.239 for the NAA and 0.295 for the PA (Figure 5.D-1).
The 25th percentile value of water velocity (ft/s) for the NAA was -0.219 and -0.129 for the PA
while the 75th percentile value was 0.464 and 0.511 for the PA (Figure 5.D-1). The minimum
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value of water velocity (ft/s) for the NAA was -0.659 and -0.626 for the PA while the maximum
value was 1.209 and 1.199 for the PA (Figure 5.D-1).

In the month of February during above normal water years, the median water velocity was
predicted to be 21% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-1). Median water velocity (ft/s) was 0.308 for the NAA and 0.371 for the PA (Figure 5.D-1).
The 25th percentile value of water velocity (ft/s) for the NAA was -0.148 and -0.037 for the PA
while the 75th percentile value was 0.515 and 0.571 for the PA (Figure 5.D-1). The minimum
value of water velocity (ft/s) for the NAA was -0.651 and -0.642 for the PA while the maximum
value was 1.297 and 1.29 for the PA (Figure 5.D-1).

In the month of March during above normal water years, the median water velocity was
predicted to be 25% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-1). Median water velocity (ft/s) was 0.295 for the NAA and 0.368 for the PA (Figure 5.D-1).
The 25th percentile value of water velocity (ft/s) for the NAA was -0.114 and 0.01 for the PA
while the 75th percentile value was 0.507 and 0.568 for the PA (Figure 5.D-1). The minimum
value of water velocity (ft/s) for the NAA was -0.634 and -0.588 for the PA while the maximum
value was 1.172 and 1.174 for the PA (Figure 5.D-1).

In the month of April during above normal water years, the median water velocity was predicted
to be 30% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-1). Median
water velocity (ft/s) was 0.271 for the NAA and 0.351 for the PA (Figure 5.D-1). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.128 and -0.011 for the PA while the
75th percentile value was 0.488 and 0.557 for the PA (Figure 5.D-1). The minimum value of
water velocity (ft/s) for the NAA was -0.592 and -0.551 for the PA while the maximum value
was 0.939 and 0.94 for the PA (Figure 5.D-1).

In the month of May during above normal water years, the median water velocity was predicted
to be 31% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-1). Median
water velocity (ft/s) was 0.254 for the NAA and 0.331 for the PA (Figure 5.D-1). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.156 and -0.041 for the PA while the
75th percentile value was 0.486 and 0.546 for the PA (Figure 5.D-1). The minimum value of
water velocity (ft/s) for the NAA was -0.571 and -0.517 for the PA while the maximum value
was 1.005 and 0.995 for the PA (Figure 5.D-1).

In the month of June during above normal water years, the median water velocity was predicted
to be 30% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-1). Median
water velocity (ft/s) was 0.152 for the NAA and 0.196 for the PA (Figure 5.D-1). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.235 and -0.2 for the PA while the
75th percentile value was 0.439 and 0.461 for the PA (Figure 5.D-1). The minimum value of
water velocity (ft/s) for the NAA was -0.583 and -0.587 for the PA while the maximum value
was 0.799 and 0.93 for the PA (Figure 5.D-1).

Below Normal Water Years

In the month of January during below normal water years, the median water velocity was
predicted to be 54% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-1). Median water velocity (ft/s) was 0.131 for the NAA and 0.202 for the PA (Figure 5.D-1).
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The 25th percentile value of water velocity (ft/s) for the NAA was -0.284 and -0.204 for the PA
while the 75th percentile value was 0.423 and 0.465 for the PA (Figure 5.D-1). The minimum
value of water velocity (ft/s) for the NAA was -0.621 and -0.598 for the PA while the maximum
value was 0.939 and 1.067 for the PA (Figure 5.D-1).

In the month of February during below normal water years, the median water velocity was
predicted to be 20% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-1). Median water velocity (ft/s) was 0.265 for the NAA and 0.318 for the PA (Figure 5.D-1).
The 25th percentile value of water velocity (ft/s) for the NAA was -0.212 and -0.121 for the PA
while the 75th percentile value was 0.472 and 0.515 for the PA (Figure 5.D-1). The minimum
value of water velocity (ft/s) for the NAA was -0.642 and -0.619 for the PA while the maximum
value was 1.122 and 1.106 for the PA (Figure 5.D-1).

In the month of March during below normal water years, the median water velocity was
predicted to be 49% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-1). Median water velocity (ft/s) was 0.169 for the NAA and 0.251 for the PA (Figure 5.D-1).
The 25th percentile value of water velocity (ft/s) for the NAA was -0.225 and -0.127 for the PA
while the 75th percentile value was 0.441 and 0.487 for the PA (Figure 5.D-1). The minimum
value of water velocity (ft/s) for the NAA was -0.661 and -0.635 for the PA while the maximum
value was 0.844 and 0.979 for the PA (Figure 5.D-1).

In the month of April during below normal water years, the median water velocity was predicted
to be 44% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-1). Median
water velocity (ft/s) was 0.199 for the NAA and 0.286 for the PA (Figure 5.D-1). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.191 and -0.089 for the PA while the
75th percentile value was 0.46 and 0.51 for the PA (Figure 5.D-1). The minimum value of water
velocity (ft/s) for the NAA was -0.582 and -0.532 for the PA while the maximum value was
0.777 and 0.904 for the PA (Figure 5.D-1).

In the month of May during below normal water years, the median water velocity was predicted
to be 47% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-1). Median
water velocity (ft/s) was 0.166 for the NAA and 0.245 for the PA (Figure 5.D-1). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.221 and -0.124 for the PA while the
75th percentile value was 0.448 and 0.492 for the PA (Figure 5.D-1). The minimum value of
water velocity (ft/s) for the NAA was -0.57 and -0.523 for the PA while the maximum value was
0.768 and 0.887 for the PA (Figure 5.D-1).

In the month of June during below normal water years, the median water velocity was predicted
to be 22% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-1). Median
water velocity (ft/s) was 0.097 for the NAA and 0.118 for the PA (Figure 5.D-1). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.283 and -0.265 for the PA while the
75th percentile value was 0.402 and 0.418 for the PA (Figure 5.D-1). The minimum value of
water velocity (ft/s) for the NAA was -0.584 and -0.584 for the PA while the maximum value
was 0.684 and 0.737 for the PA (Figure 5.D-1).
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Dry Water Years

In the month of January during dry water years, the median water velocity was predicted to be
52% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-1). Median water
velocity (ft/s) was 0.112 for the NAA and 0.171 for the PA (Figure 5.D-1). The 25th percentile
value of water velocity (ft/s) for the NAA was -0.3 and -0.227 for the PA while the 75th
percentile value was 0.417 and 0.457 for the PA (Figure 5.D-1). The minimum value of water
velocity (ft/s) for the NAA was -0.72 and -0.684 for the PA while the maximum value was 0.722
and 0.789 for the PA (Figure 5.D-1).

In the month of February during dry water years, the median water velocity was predicted to be
34% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-1). Median water
velocity (ft/s) was 0.167 for the NAA and 0.223 for the PA (Figure 5.D-1). The 25th percentile
value of water velocity (ft/s) for the NAA was -0.276 and -0.202 for the PA while the 75th
percentile value was 0.435 and 0.472 for the PA (Figure 5.D-1). The minimum value of water
velocity (ft/s) for the NAA was -0.641 and -0.605 for the PA while the maximum value was
1.312 and 1.312 for the PA (Figure 5.D-1).

In the month of March during dry water years, the median water velocity was predicted to be
32% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-1). Median water
velocity (ft/s) was 0.172 for the NAA and 0.228 for the PA (Figure 5.D-1). The 25th percentile
value of water velocity (ft/s) for the NAA was -0.278 and -0.207 for the PA while the 75th
percentile value was 0.427 and 0.462 for the PA (Figure 5.D-1). The minimum value of water
velocity (ft/s) for the NAA was -0.638 and -0.603 for the PA while the maximum value was
1.011 and 1.007 for the PA (Figure 5.D-1).

In the month of April during dry water years, the median water velocity was predicted to be 40%
lower for the NAA relative to the PA over the 82 water years (Figure 5.D-1). Median water
velocity (ft/s) was 0.167 for the NAA and 0.234 for the PA (Figure 5.D-1). The 25th percentile
value of water velocity (ft/s) for the NAA was -0.244 and -0.166 for the PA while the 75th
percentile value was 0.435 and 0.472 for the PA (Figure 5.D-1). The minimum value of water
velocity (ft/s) for the NAA was -0.641 and -0.612 for the PA while the maximum value was
0.814 and 0.938 for the PA (Figure 5.D-1).

In the month of May during dry water years, the median water velocity was predicted to be 39%
lower for the NAA relative to the PA over the 82 water years (Figure 5.D-1). Median water
velocity (ft/s) was 0.155 for the NAA and 0.217 for the PA (Figure 5.D-1). The 25th percentile
value of water velocity (ft/s) for the NAA was -0.261 and -0.186 for the PA while the 75th
percentile value was 0.432 and 0.469 for the PA (Figure 5.D-1). The minimum value of water
velocity (ft/s) for the NAA was -0.644 and -0.612 for the PA while the maximum value was 1.03
and 1.03 for the PA (Figure 5.D-1).

In the month of June during dry water years, the median water velocity was predicted to be 22%
lower for the NAA relative to the PA over the 82 water years (Figure 5.D-1). Median water
velocity (ft/s) was 0.09 for the NAA and 0.11 for the PA (Figure 5.D-1). The 25th percentile
value of water velocity (ft/s) for the NAA was -0.297 and -0.282 for the PA while the 75th
percentile value was 0.391 and 0.405 for the PA (Figure 5.D-1). The minimum value of water
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velocity (ft/s) for the NAA was -0.651 and -0.645 for the PA while the maximum value was
0.683 and 0.787 for the PA (Figure 5.D-1).

Critical Water Years

In the month of January during critical water years, the median water velocity was predicted to
be 47% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-1). Median
water velocity (ft/s) was 0.087 for the NAA and 0.128 for the PA (Figure 5.D-1). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.329 and -0.273 for the PA while the
75th percentile value was 0.398 and 0.435 for the PA (Figure 5.D-1). The minimum value of
water velocity (ft/s) for the NAA was -0.686 and -0.641 for the PA while the maximum value
was 0.629 and 0.706 for the PA (Figure 5.D-1).

In the month of February during critical water years, the median water velocity was predicted to
be 40% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-1). Median
water velocity (ft/s) was 0.12 for the NAA and 0.167 for the PA (Figure 5.D-1). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.297 and -0.233 for the PA while the
75th percentile value was 0.415 and 0.451 for the PA (Figure 5.D-1). The minimum value of
water velocity (ft/s) for the NAA was -0.624 and -0.587 for the PA while the maximum value
was 0.766 and 0.839 for the PA (Figure 5.D-1).

In the month of March during critical water years, the median water velocity was predicted to be
37% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-1). Median water
velocity (ft/s) was 0.104 for the NAA and 0.142 for the PA (Figure 5.D-1). The 25th percentile
value of water velocity (ft/s) for the NAA was -0.311 and -0.261 for the PA while the 75th
percentile value was 0.402 and 0.43 for the PA (Figure 5.D-1). The minimum value of water
velocity (ft/s) for the NAA was -0.763 and -0.738 for the PA while the maximum value was 0.67
and 0.735 for the PA (Figure 5.D-1).

In the month of April during critical water years, the median water velocity was predicted to be
35% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-1). Median water
velocity (ft/s) was 0.099 for the NAA and 0.134 for the PA (Figure 5.D-1). The 25th percentile
value of water velocity (ft/s) for the NAA was -0.314 and -0.268 for the PA while the 75th
percentile value was 0.399 and 0.424 for the PA (Figure 5.D-1). The minimum value of water
velocity (ft/s) for the NAA was -0.658 and -0.636 for the PA while the maximum value was
0.674 and 0.76 for the PA (Figure 5.D-1).

In the month of May during critical water years, the median water velocity was predicted to be
38% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-1). Median water
velocity (ft/s) was 0.092 for the NAA and 0.128 for the PA (Figure 5.D-1). The 25th percentile
value of water velocity (ft/s) for the NAA was -0.311 and -0.262 for the PA while the 75th
percentile value was 0.402 and 0.428 for the PA (Figure 5.D-1). The minimum value of water
velocity (ft/s) for the NAA was -0.619 and -0.597 for the PA while the maximum value was
0.657 and 0.74 for the PA (Figure 5.D-1).

In the month of June during critical water years, the median water velocity was predicted to be
11% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-1). Median water
velocity (ft/s) was 0.076 for the NAA and 0.083 for the PA (Figure 5.D-1). The 25th percentile
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value of water velocity (ft/s) for the NAA was -0.309 and -0.304 for the PA while the 75th
percentile value was 0.373 and 0.383 for the PA (Figure 5.D-1). The minimum value of water
velocity (ft/s) for the NAA was -0.597 and -0.595 for the PA while the maximum value was
0.618 and 0.68 for the PA (Figure 5.D-1).
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Figure 5.D-1. Velocity of flow entering the interior delta at channel 21, the San Joaquin River downstream of
the head of OIld River, during the 82-year CALSIM period. Comparisons between the NAA (NAA) and the
PA (PA) were performed for the months of October through June. Plus symbol indicates median, box
represents the interquartile range, and the whiskers represent the minimum and maximum values.
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5.D0.1.2.1.2.1.1.2  Channel 45, San Joaquin River near the confluence with the Mokelumne
River

Wet Water Years

In the month of January during wet water years, the median water velocity was predicted to be
13% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-2). Median water
velocity (ft/s) was 0.432 for the NAA and 0.488 for the PA (Figure 5.D-2). The 25th percentile
value of water velocity (ft/s) for the NAA was -1.097 and -1.058 for the PA while the 75th
percentile value was 1.311 and 1.352 for the PA (Figure 5.D-2). The minimum value of water
velocity (ft/s) for the NAA was -2.136 and -2.091 for the PA while the maximum value was
2.169 and 2.215 for the PA (Figure 5.D-2).

In the month of February during wet water years, the median water velocity was predicted to be
18% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-2). Median water
velocity (ft/s) was 0.471 for the NAA and 0.554 for the PA (Figure 5.D-2). The 25th percentile
value of water velocity (ft/s) for the NAA was -1.022 and -0.953 for the PA while the 75th
percentile value was 1.33 and 1.389 for the PA (Figure 5.D-2). The minimum value of water
velocity (ft/s) for the NAA was -2.14 and -2.07 for the PA while the maximum value was 2.052
and 2.112 for the PA (Figure 5.D-2).

In the month of March during wet water years, the median water velocity was predicted to be
22% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-2). Median water
velocity (ft/s) was 0.452 for the NAA and 0.55 for the PA (Figure 5.D-2). The 25th percentile
value of water velocity (ft/s) for the NAA was -1.081 and -1.002 for the PA while the 75th
percentile value was 1.364 and 1.427 for the PA (Figure 5.D-2). The minimum value of water
velocity (ft/s) for the NAA was -2.154 and -2.114 for the PA while the maximum value was 1.94
and 1.979 for the PA (Figure 5.D-2).

In the month of April during wet water years, the median water velocity was predicted to be 8%
lower for the NAA relative to the PA over the 82 water years (Figure 5.D-2). Median water
velocity (ft/s) was 0.439 for the NAA and 0.474 for the PA (Figure 5.D-2). The 25th percentile
value of water velocity (ft/s) for the NAA was -1.102 and -1.075 for the PA while the 75th
percentile value was 1.4 and 1.423 for the PA (Figure 5.D-2). The minimum value of water
velocity (ft/s) for the NAA was -2.067 and -2.059 for the PA while the maximum value was
2.014 and 2.047 for the PA (Figure 5.D-2).

In the month of May during wet water years, the median water velocity was predicted to be 9%
lower for the NAA relative to the PA over the 82 water years (Figure 5.D-2). Median water
velocity (ft/s) was 0.394 for the NAA and 0.43 for the PA (Figure 5.D-2). The 25th percentile
value of water velocity (ft/s) for the NAA was -1.137 and -1.109 for the PA while the 75th
percentile value was 1.382 and 1.405 for the PA (Figure 5.D-2). The minimum value of water
velocity (ft/s) for the NAA was -2.058 and -2.048 for the PA while the maximum value was
2.073 and 2.103 for the PA (Figure 5.D-2).

In the month of June during wet water years, the median water velocity was predicted to be 27%
lower for the NAA relative to the PA over the 82 water years (Figure 5.D-2). Median water
velocity (ft/s) was 0.232 for the NAA and 0.293 for the PA (Figure 5.D-2). The 25th percentile
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value of water velocity (ft/s) for the NAA was -1.247 and -1.203 for the PA while the 75th
percentile value was 1.29 and 1.328 for the PA (Figure 5.D-2). The minimum value of water
velocity (ft/s) for the NAA was -2.069 and -2.062 for the PA while the maximum value was
2.098 and 2.124 for the PA (Figure 5.D-2).

Above Normal Water Years

In the month of December during above normal water years, the median water velocity was
predicted to be 11% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-2). Median water velocity (ft/s) was 0.14 for the NAA and 0.155 for the PA (Figure 5.D-2).
The 25th percentile value of water velocity (ft/s) for the NAA was -1.314 and -1.299 for the PA
while the 75th percentile value was 1.233 and 1.244 for the PA (Figure 5.D-2). The minimum
value of water velocity (ft/s) for the NAA was -2.141 and -2.13 for the PA while the maximum
value was 2.042 and 2.084 for the PA (Figure 5.D-2).

In the month of January during above normal water years, the median water velocity was
predicted to be 11% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-2). Median water velocity (ft/s) was 0.269 for the NAA and 0.3 for the PA (Figure 5.D-2).
The 25th percentile value of water velocity (ft/s) for the NAA was -1.224 and -1.202 for the PA
while the 75th percentile value was 1.292 and 1.313 for the PA (Figure 5.D-2). The minimum
value of water velocity (ft/s) for the NAA was -2.161 and -2.144 for the PA while the maximum
value was 1.996 and 2.065 for the PA (Figure 5.D-2).

In the month of February during above normal water years, the median water velocity was
predicted to be 10% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-2). Median water velocity (ft/s) was 0.334 for the NAA and 0.368 for the PA (Figure 5.D-2).
The 25th percentile value of water velocity (ft/s) for the NAA was -1.178 and -1.149 for the PA
while the 75th percentile value was 1.322 and 1.345 for the PA (Figure 5.D-2). The minimum
value of water velocity (ft/s) for the NAA was -2.167 and -2.136 for the PA while the maximum
value was 1.964 and 2.015 for the PA (Figure 5.D-2).

In the month of March during above normal water years, the median water velocity was
predicted to be 31% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-2). Median water velocity (ft/s) was 0.293 for the NAA and 0.385 for the PA (Figure 5.D-2).
The 25th percentile value of water velocity (ft/s) for the NAA was -1.204 and -1.139 for the PA
while the 75th percentile value was 1.326 and 1.384 for the PA (Figure 5.D-2). The minimum
value of water velocity (ft/s) for the NAA was -2.144 and -2.093 for the PA while the maximum
value was 1.872 and 1.912 for the PA (Figure 5.D-2).

In the month of April during above normal water years, the median water velocity was predicted
to be 9% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-2). Median
water velocity (ft/s) was 0.298 for the NAA and 0.324 for the PA (Figure 5.D-2). The 25th
percentile value of water velocity (ft/s) for the NAA was -1.217 and -1.201 for the PA while the
75th percentile value was 1.365 and 1.378 for the PA (Figure 5.D-2). The minimum value of
water velocity (ft/s) for the NAA was -2.133 and -2.128 for the PA while the maximum value
was 1.917 and 1.953 for the PA (Figure 5.D-2).
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In the month of May during above normal water years, the median water velocity was predicted
to be 9% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-2). Median
water velocity (ft/s) was 0.247 for the NAA and 0.27 for the PA (Figure 5.D-2). The 25th
percentile value of water velocity (ft/s) for the NAA was -1.254 and -1.239 for the PA while the
75th percentile value was 1.337 and 1.348 for the PA (Figure 5.D-2). The minimum value of
water velocity (ft/s) for the NAA was -2.07 and -2.063 for the PA while the maximum value was
1.963 and 1.986 for the PA (Figure 5.D-2).

In the month of June during above normal water years, the median water velocity was predicted
to be 21% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-2). Median
water velocity (ft/s) was 0.142 for the NAA and 0.171 for the PA (Figure 5.D-2). The 25th
percentile value of water velocity (ft/s) for the NAA was -1.313 and -1.299 for the PA while the
75th percentile value was 1.263 and 1.289 for the PA (Figure 5.D-2). The minimum value of
water velocity (ft/s) for the NAA was -2.076 and -2.068 for the PA while the maximum value
was 1.932 and 1.952 for the PA (Figure 5.D-2).

Below Normal Water Years

In the month of December during below normal water years, the median water velocity was
predicted to be 34% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-2). Median water velocity (ft/s) was 0.061 for the NAA and 0.081 for the PA (Figure 5.D-2).
The 25th percentile value of water velocity (ft/s) for the NAA was -1.364 and -1.349 for the PA
while the 75th percentile value was 1.214 and 1.224 for the PA (Figure 5.D-2). The minimum
value of water velocity (ft/s) for the NAA was -2.155 and -2.139 for the PA while the maximum
value was 1.891 and 1.904 for the PA (Figure 5.D-2).

In the month of January during below normal water years, the median water velocity was
predicted to be 45% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-2). Median water velocity (ft/s) was 0.131 for the NAA and 0.191 for the PA (Figure 5.D-2).
The 25th percentile value of water velocity (ft/s) for the NAA was -1.316 and -1.275 for the PA
while the 75th percentile value was 1.255 and 1.292 for the PA (Figure 5.D-2). The minimum
value of water velocity (ft/s) for the NAA was -2.111 and -2.094 for the PA while the maximum
value was 1.92 and 1.973 for the PA (Figure 5.D-2).

In the month of February during below normal water years, the median water velocity was
predicted to be 10% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-2). Median water velocity (ft/s) was 0.237 for the NAA and 0.26 for the PA (Figure 5.D-2).
The 25th percentile value of water velocity (ft/s) for the NAA was -1.248 and -1.228 for the PA
while the 75th percentile value was 1.32 and 1.333 for the PA (Figure 5.D-2). The minimum
value of water velocity (ft/s) for the NAA was -2.175 and -2.166 for the PA while the maximum
value was 1.929 and 1.973 for the PA (Figure 5.D-2).

In the month of March during below normal water years, the median water velocity was
predicted to be 17% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-2). Median water velocity (ft/s) was 0.168 for the NAA and 0.197 for the PA (Figure 5.D-2).
The 25th percentile value of water velocity (ft/s) for the NAA was -1.294 and -1.27 for the PA
while the 75th percentile value was 1.303 and 1.321 for the PA (Figure 5.D-2). The minimum
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value of water velocity (ft/s) for the NAA was -2.129 and -2.11 for the PA while the maximum
value was 1.84 and 1.85 for the PA (Figure 5.D-2).

In the month of May during below normal water years, the median water velocity was predicted
to be 8% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-2). Median
water velocity (ft/s) was 0.172 for the NAA and 0.186 for the PA (Figure 5.D-2). The 25th
percentile value of water velocity (ft/s) for the NAA was -1.281 and -1.275 for the PA while the
75th percentile value was 1.318 and 1.323 for the PA (Figure 5.D-2). The minimum value of
water velocity (ft/s) for the NAA was -2.107 and -2.105 for the PA while the maximum value
was 1.926 and 1.936 for the PA (Figure 5.D-2).

In the month of June during below normal water years, the median water velocity was predicted
to be 6% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-2). Median
water velocity (ft/s) was 0.13 for the NAA and 0.139 for the PA (Figure 5.D-2). The 25th
percentile value of water velocity (ft/s) for the NAA was -1.308 and -1.304 for the PA while the
75th percentile value was 1.262 and 1.271 for the PA (Figure 5.D-2). The minimum value of
water velocity (ft/s) for the NAA was -2.119 and -2.112 for the PA while the maximum value
was 1.913 and 1.912 for the PA (Figure 5.D-2).

Dry Water Years

In the month of December during dry water years, the median water velocity was predicted to be
11% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-2). Median water
velocity (ft/s) was 0.068 for the NAA and 0.076 for the PA (Figure 5.D-2). The 25th percentile
value of water velocity (ft/s) for the NAA was -1.358 and -1.35 for the PA while the 75th
percentile value was 1.22 and 1.224 for the PA (Figure 5.D-2). The minimum value of water
velocity (ft/s) for the NAA was -2.092 and -2.106 for the PA while the maximum value was
1.914 and 1.918 for the PA (Figure 5.D-2).

In the month of January during dry water years, the median water velocity was predicted to be
27% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-2). Median water
velocity (ft/s) was 0.118 for the NAA and 0.149 for the PA (Figure 5.D-2). The 25th percentile
value of water velocity (ft/s) for the NAA was -1.326 and -1.305 for the PA while the 75th
percentile value was 1.252 and 1.271 for the PA (Figure 5.D-2). The minimum value of water
velocity (ft/s) for the NAA was -2.215 and -2.2 for the PA while the maximum value was 1.945
and 1.968 for the PA (Figure 5.D-2).

In the month of February during dry water years, the median water velocity was predicted to be
7% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-2). Median water
velocity (ft/s) was 0.184 for the NAA and 0.198 for the PA (Figure 5.D-2). The 25th percentile
value of water velocity (ft/s) for the NAA was -1.3 and -1.288 for the PA while the 75th
percentile value was 1.302 and 1.311 for the PA (Figure 5.D-2). The minimum value of water
velocity (ft/s) for the NAA was -2.145 and -2.139 for the PA while the maximum value was
1.954 and 1.973 for the PA (Figure 5.D-2).

In the month of March during dry water years, the median water velocity was predicted to be 6%
lower for the NAA relative to the PA over the 82 water years (Figure 5.D-2). Median water
velocity (ft/s) was 0.192 for the NAA and 0.203 for the PA (Figure 5.D-2). The 25th percentile
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value of water velocity (ft/s) for the NAA was -1.289 and -1.276 for the PA while the 75th
percentile value was 1.323 and 1.328 for the PA (Figure 5.D-2). The minimum value of water
velocity (ft/s) for the NAA was -2.202 and -2.172 for the PA while the maximum value was
1.867 and 1.862 for the PA (Figure 5.D-2).

In the month of April during dry water years, the median water velocity was predicted to be 7%
lower for the NAA relative to the PA over the 82 water years (Figure 5.D-2). Median water
velocity (ft/s) was 0.195 for the NAA and 0.208 for the PA (Figure 5.D-2). The 25th percentile
value of water velocity (ft/s) for the NAA was -1.275 and -1.269 for the PA while the 75th
percentile value was 1.33 and 1.335 for the PA (Figure 5.D-2). The minimum value of water
velocity (ft/s) for the NAA was -2.146 and -2.145 for the PA while the maximum value was 1.87
and 1.895 for the PA (Figure 5.D-2).

In the month of May during dry water years, the median water velocity was predicted to be 9%
lower for the NAA relative to the PA over the 82 water years (Figure 5.D-2). Median water
velocity (ft/s) was 0.158 for the NAA and 0.172 for the PA (Figure 5.D-2). The 25th percentile
value of water velocity (ft/s) for the NAA was -1.294 and -1.286 for the PA while the 75th
percentile value was 1.303 and 1.311 for the PA (Figure 5.D-2). The minimum value of water
velocity (ft/s) for the NAA was -2.12 and -2.119 for the PA while the maximum value was 1.991
and 1.993 for the PA (Figure 5.D-2).

In the month of June during dry water years, the median water velocity was predicted to be 7%
lower for the NAA relative to the PA over the 82 water years (Figure 5.D-2). Median water
velocity (ft/s) was 0.134 for the NAA and 0.143 for the PA (Figure 5.D-2). The 25th percentile
value of water velocity (ft/s) for the NAA was -1.312 and -1.308 for the PA while the 75th
percentile value was 1.268 and 1.277 for the PA (Figure 5.D-2). The minimum value of water
velocity (ft/s) for the NAA was -2.132 and -2.125 for the PA while the maximum value was
1.933 and 1.929 for the PA (Figure 5.D-2).

Critical Water Years

In the month of January during critical water years, the median water velocity was predicted to
be 21% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-2). Median
water velocity (ft/s) was 0.092 for the NAA and 0.111 for the PA (Figure 5.D-2). The 25th
percentile value of water velocity (ft/s) for the NAA was -1.334 and -1.324 for the PA while the
75th percentile value was 1.251 and 1.262 for the PA (Figure 5.D-2). The minimum value of
water velocity (ft/s) for the NAA was -2.099 and -2.09 for the PA while the maximum value was
1.925 and 1.929 for the PA (Figure 5.D-2).

In the month of March during critical water years, the median water velocity was predicted to be
6% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-2). Median water
velocity (ft/s) was 0.152 for the NAA and 0.161 for the PA (Figure 5.D-2). The 25th percentile
value of water velocity (ft/s) for the NAA was -1.306 and -1.302 for the PA while the 75th
percentile value was 1.321 and 1.324 for the PA (Figure 5.D-2). The minimum value of water
velocity (ft/s) for the NAA was -2.202 and -2.201 for the PA while the maximum value was
1.821 and 1.825 for the PA (Figure 5.D-2).

Biological Assessment for the 5 D-50 July 2016
California WaterFix : ICF 00237.15



Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

1M

[BWLION 3A0QY

)

£

~ o2

2 2  Scenario
] s L

S — NAA
3 &

> 3 EJPA
2 -

©

g :

Ag

[eanud

T T T T T
Dec Jan Feb Mar Apr May Jun

Month

Figure 5.D-2. Velocity of flow entering the interior at delta channel 45, the San Joaquin River near the
confluence with the Mokelumne River, during the 82-year CALSIM period. Comparisons between the NAA
(NAA) and the PA (PA) were performed for the months of October through June. Plus symbol indicates
median, box represents the interquartile range, and the whiskers represent the minimum and maximum
values.
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5.D0.1.2.1.2.1.1.3  Channel 94, Old River downstream of the facilities

Wet Water Years

In the month of December during wet water years, the median water velocity was predicted to be
30% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-3). Median water
velocity (ft/s) was -0.25 for the NAA and -0.175 for the PA (Figure 5.D-3). The 25th percentile
value of water velocity (ft/s) for the NAA was -1.033 and -1.007 for the PA while the 75th
percentile value was 0.406 and 0.47 for the PA (Figure 5.D-3). The minimum value of water
velocity (ft/s) for the NAA was -1.558 and -1.54 for the PA while the maximum value was 1.425
and 1.658 for the PA (Figure 5.D-3).

In the month of January during wet water years, the median water velocity was predicted to be
5831% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-3). Median
water velocity (ft/s) was 0.004 for the NAA and 0.227 for the PA (Figure 5.D-3). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.894 and -0.778 for the PA while the
75th percentile value was 0.595 and 0.826 for the PA (Figure 5.D-3). The minimum value of
water velocity (ft/s) for the NAA was -1.515 and -1.409 for the PA while the maximum value
was 2.405 and 2.666 for the PA (Figure 5.D-3).

In the month of February during wet water years, the median water velocity was predicted to be
1138% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-3). Median
water velocity (ft/s) was 0.036 for the NAA and 0.448 for the PA (Figure 5.D-3). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.844 and -0.602 for the PA while the
75th percentile value was 0.575 and 0.93 for the PA (Figure 5.D-3). The minimum value of
water velocity (ft/s) for the NAA was -1.52 and -1.381 for the PA while the maximum value was
1.664 and 1.945 for the PA (Figure 5.D-3).

In the month of March during wet water years, the median water velocity was predicted to be
877% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-3). Median
water velocity (ft/s) was 0.052 for the NAA and 0.505 for the PA (Figure 5.D-3). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.853 and -0.542 for the PA while the
75th percentile value was 0.604 and 0.994 for the PA (Figure 5.D-3). The minimum value of
water velocity (ft/s) for the NAA was -1.461 and -1.276 for the PA while the maximum value
was 1.904 and 2.022 for the PA (Figure 5.D-3).

In the month of April during wet water years, the median water velocity was predicted to be 39%
lower for the NAA relative to the PA over the 82 water years (Figure 5.D-3). Median water
velocity (ft/s) was 0.35 for the NAA and 0.486 for the PA (Figure 5.D-3). The 25th percentile
value of water velocity (ft/s) for the NAA was -0.636 and -0.568 for the PA while the 75th
percentile value was 0.927 and 1.008 for the PA (Figure 5.D-3). The minimum value of water
velocity (ft/s) for the NAA was -1.34 and -1.29 for the PA while the maximum value was 1.667
and 1.808 for the PA (Figure 5.D-3).

In the month of May during wet water years, the median water velocity was predicted to be 53%
lower for the NAA relative to the PA over the 82 water years (Figure 5.D-3). Median water
velocity (ft/s) was 0.296 for the NAA and 0.453 for the PA (Figure 5.D-3). The 25th percentile
value of water velocity (ft/s) for the NAA was -0.668 and -0.584 for the PA while the 75th
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percentile value was 0.88 and 0.987 for the PA (Figure 5.D-3). The minimum value of water
velocity (ft/s) for the NAA was -1.261 and -1.253 for the PA while the maximum value was
1.511 and 1.717 for the PA (Figure 5.D-3).

In the month of June during wet water years, the median water velocity was predicted to be
255% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-3). Median
water velocity (ft/s) was -0.11 for the NAA and 0.17 for the PA (Figure 5.D-3). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.939 and -0.776 for the PA while the
75th percentile value was 0.515 and 0.773 for the PA (Figure 5.D-3). The minimum value of
water velocity (ft/s) for the NAA was -1.436 and -1.297 for the PA while the maximum value
was 1.498 and 1.691 for the PA (Figure 5.D-3).

Above Normal Water Years

In the month of December during above normal water years, the median water velocity was
predicted to be 24% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-3). Median water velocity (ft/s) was -0.358 for the NAA and -0.272 for the PA (Figure
5.D-3). The 25th percentile value of water velocity (ft/s) for the NAA was -1.071 and -1.034 for
the PA while the 75th percentile value was 0.322 and 0.417 for the PA (Figure 5.D-3). The
minimum value of water velocity (ft/s) for the NAA was -1.545 and -1.485 for the PA while the
maximum value was 1.11 and 1.34 for the PA (Figure 5.D-3).

In the month of January during above normal water years, the median water velocity was
predicted to be 107% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-3). Median water velocity (ft/s) was -0.121 for the NAA and 0.008 for the PA (Figure
5.D-3). The 25th percentile value of water velocity (ft/s) for the NAA was -0.946 and -0.883 for
the PA while the 75th percentile value was 0.557 and 0.697 for the PA (Figure 5.D-3). The
minimum value of water velocity (ft/s) for the NAA was -1.375 and -1.374 for the PA while the
maximum value was 1.191 and 1.357 for the PA (Figure 5.D-3).

In the month of February during above normal water years, the median water velocity was
predicted to be 240% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-3). Median water velocity (ft/s) was -0.062 for the NAA and 0.087 for the PA (Figure
5.D-3). The 25th percentile value of water velocity (ft/s) for the NAA was -0.926 and -0.847 for
the PA while the 75th percentile value was 0.582 and 0.723 for the PA (Figure 5.D-3). The
minimum value of water velocity (ft/s) for the NAA was -1.479 and -1.432 for the PA while the
maximum value was 1.521 and 1.64 for the PA (Figure 5.D-3).

In the month of March during above normal water years, the median water velocity was
predicted to be 282% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-3). Median water velocity (ft/s) was -0.146 for the NAA and 0.265 for the PA (Figure
5.D-3). The 25th percentile value of water velocity (ft/s) for the NAA was -0.961 and -0.762 for
the PA while the 75th percentile value was 0.507 and 0.908 for the PA (Figure 5.D-3). The
minimum value of water velocity (ft/s) for the NAA was -1.464 and -1.299 for the PA while the
maximum value was 1.461 and 1.554 for the PA (Figure 5.D-3).

In the month of April during above normal water years, the median water velocity was predicted
to be 22% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-3). Median
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water velocity (ft/s) was 0.189 for the NAA and 0.23 for the PA (Figure 5.D-3). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.791 and -0.802 for the PA while the
75th percentile value was 0.888 and 0.915 for the PA (Figure 5.D-3). The minimum value of
water velocity (ft/s) for the NAA was -1.307 and -1.317 for the PA while the maximum value
was 1.247 and 1.359 for the PA (Figure 5.D-3).

In the month of May during above normal water years, the median water velocity was predicted
to be 20% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-3). Median
water velocity (ft/s) was 0.164 for the NAA and 0.197 for the PA (Figure 5.D-3). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.79 and -0.803 for the PA while the
75th percentile value was 0.853 and 0.882 for the PA (Figure 5.D-3). The minimum value of
water velocity (ft/s) for the NAA was -1.259 and -1.275 for the PA while the maximum value
was 1.309 and 1.341 for the PA (Figure 5.D-3).

In the month of June during above normal water years, the median water velocity was predicted
to be 66% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-3). Median
water velocity (ft/s) was -0.181 for the NAA and -0.061 for the PA (Figure 5.D-3). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.99 and -0.937 for the PA while the
75th percentile value was 0.493 and 0.642 for the PA (Figure 5.D-3). The minimum value of
water velocity (ft/s) for the NAA was -1.346 and -1.341 for the PA while the maximum value
was 1.029 and 1.099 for the PA (Figure 5.D-3).

Below Normal Water Years

In the month of December during below normal water years, the median water velocity was
predicted to be 19% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-3). Median water velocity (ft/s) was -0.446 for the NAA and -0.363 for the PA (Figure
5.D-3). The 25th percentile value of water velocity (ft/s) for the NAA was -1.114 and -1.074 for
the PA while the 75th percentile value was 0.236 and 0.336 for the PA (Figure 5.D-3). The
minimum value of water velocity (ft/s) for the NAA was -1.587 and -1.517 for the PA while the
maximum value was 1.072 and 1.082 for the PA (Figure 5.D-3).

In the month of January during below normal water years, the median water velocity was
predicted to be 101% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-3). Median water velocity (ft/s) was -0.2 for the NAA and 0.003 for the PA (Figure 5.D-3).
The 25th percentile value of water velocity (ft/s) for the NAA was -0.989 and -0.887 for the PA
while the 75th percentile value was 0.519 and 0.754 for the PA (Figure 5.D-3). The minimum
value of water velocity (ft/s) for the NAA was -1.41 and -1.33 for the PA while the maximum
value was 1.128 and 1.252 for the PA (Figure 5.D-3).

In the month of February during below normal water years, the median water velocity was
predicted to be 53% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-3). Median water velocity (ft/s) was -0.108 for the NAA and -0.051 for the PA (Figure
5.D-3). The 25th percentile value of water velocity (ft/s) for the NAA was -0.941 and -0.899 for
the PA while the 75th percentile value was 0.59 and 0.681 for the PA (Figure 5.D-3). The
minimum value of water velocity (ft/s) for the NAA was -1.393 and -1.421 for the PA while the
maximum value was 1.239 and 1.336 for the PA (Figure 5.D-3).
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In the month of March during below normal water years, the median water velocity was
predicted to be 42% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-3). Median water velocity (ft/s) was -0.171 for the NAA and -0.1 for the PA (Figure 5.D-3).
The 25th percentile value of water velocity (ft/s) for the NAA was -0.967 and -0.93 for the PA
while the 75th percentile value was 0.562 and 0.67 for the PA (Figure 5.D-3). The minimum
value of water velocity (ft/s) for the NAA was -1.374 and -1.338 for the PA while the maximum
value was 1.073 and 1.194 for the PA (Figure 5.D-3).

In the month of April during below normal water years, the median water velocity was predicted
to be 44% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-3). Median
water velocity (ft/s) was 0.109 for the NAA and 0.061 for the PA (Figure 5.D-3). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.828 and -0.866 for the PA while the
75th percentile value was 0.863 and 0.832 for the PA (Figure 5.D-3). The minimum value of
water velocity (ft/s) for the NAA was -1.312 and -1.317 for the PA while the maximum value
was 1.204 and 1.234 for the PA (Figure 5.D-3).

In the month of May during below normal water years, the median water velocity was predicted
to be 30% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-3). Median
water velocity (ft/s) was 0.088 for the NAA and 0.061 for the PA (Figure 5.D-3). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.83 and -0.857 for the PA while the
75th percentile value was 0.824 and 0.807 for the PA (Figure 5.D-3). The minimum value of
water velocity (ft/s) for the NAA was -1.288 and -1.315 for the PA while the maximum value
was 1.2 and 1.216 for the PA (Figure 5.D-3).

In the month of June during below normal water years, the median water velocity was predicted
to be 41% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-3). Median
water velocity (ft/s) was -0.131 for the NAA and -0.077 for the PA (Figure 5.D-3). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.951 and -0.936 for the PA while the
75th percentile value was 0.59 and 0.644 for the PA (Figure 5.D-3). The minimum value of
water velocity (ft/s) for the NAA was -1.282 and -1.305 for the PA while the maximum value
was 1.057 and 1.091 for the PA (Figure 5.D-3).

Dry Water Years

In the month of December during dry water years, the median water velocity was predicted to be
13% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-3). Median water
velocity (ft/s) was -0.368 for the NAA and -0.321 for the PA (Figure 5.D-3). The 25th percentile
value of water velocity (ft/s) for the NAA was -1.072 and -1.051 for the PA while the 75th
percentile value was 0.339 and 0.399 for the PA (Figure 5.D-3). The minimum value of water
velocity (ft/s) for the NAA was -1.548 and -1.472 for the PA while the maximum value was
1.123 and 1.135 for the PA (Figure 5.D-3).

In the month of January during dry water years, the median water velocity was predicted to be
37% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-3). Median water
velocity (ft/s) was -0.213 for the NAA and -0.134 for the PA (Figure 5.D-3). The 25th percentile
value of water velocity (ft/s) for the NAA was -1 and -0.954 for the PA while the 75th percentile
value was 0.504 and 0.613 for the PA (Figure 5.D-3). The minimum value of water velocity (ft/s)
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for the NAA was -1.447 and -1.42 for the PA while the maximum value was 1.124 and 1.234 for
the PA (Figure 5.D-3).

In the month of February during dry water years, the median water velocity was predicted to be
35% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-3). Median water
velocity (ft/s) was -0.133 for the NAA and -0.086 for the PA (Figure 5.D-3). The 25th percentile
value of water velocity (ft/s) for the NAA was -0.959 and -0.935 for the PA while the 75th
percentile value was 0.6 and 0.645 for the PA (Figure 5.D-3). The minimum value of water
velocity (ft/s) for the NAA was -1.416 and -1.372 for the PA while the maximum value was
1.345 and 1.571 for the PA (Figure 5.D-3).

In the month of March during dry water years, the median water velocity was predicted to be
24% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-3). Median water
velocity (ft/s) was -0.097 for the NAA and -0.074 for the PA (Figure 5.D-3). The 25th percentile
value of water velocity (ft/s) for the NAA was -0.944 and -0.925 for the PA while the 75th
percentile value was 0.647 and 0.683 for the PA (Figure 5.D-3). The minimum value of water
velocity (ft/s) for the NAA was -1.46 and -1.446 for the PA while the maximum value was 1.147
and 1.303 for the PA (Figure 5.D-3).

In the month of April during dry water years, the median water velocity was predicted to be 30%
higher for the NAA relative to the PA over the 82 water years (Figure 5.D-3). Median water
velocity (ft/s) was 0.067 for the NAA and 0.047 for the PA (Figure 5.D-3). The 25th percentile
value of water velocity (ft/s) for the NAA was -0.855 and -0.874 for the PA while the 75th
percentile value was 0.829 and 0.814 for the PA (Figure 5.D-3). The minimum value of water
velocity (ft/s) for the NAA was -1.313 and -1.326 for the PA while the maximum value was
1.188 and 1.242 for the PA (Figure 5.D-3).

In the month of May during dry water years, the median water velocity was predicted to be 11%
lower for the NAA relative to the PA over the 82 water years (Figure 5.D-3). Median water
velocity (ft/s) was 0.039 for the NAA and 0.043 for the PA (Figure 5.D-3). The 25th percentile
value of water velocity (ft/s) for the NAA was -0.845 and -0.859 for the PA while the 75th
percentile value was 0.786 and 0.785 for the PA (Figure 5.D-3). The minimum value of water
velocity (ft/s) for the NAA was -1.307 and -1.322 for the PA while the maximum value was
1.441 and 1.455 for the PA (Figure 5.D-3).

In the month of June during dry water years, the median water velocity was predicted to be 61%
lower for the NAA relative to the PA over the 82 water years (Figure 5.D-3). Median water
velocity (ft/s) was -0.112 for the NAA and -0.043 for the PA (Figure 5.D-3). The 25th percentile
value of water velocity (ft/s) for the NAA was -0.947 and -0.924 for the PA while the 75th
percentile value was 0.603 and 0.67 for the PA (Figure 5.D-3). The minimum value of water
velocity (ft/s) for the NAA was -1.317 and -1.305 for the PA while the maximum value was
1.062 and 1.079 for the PA (Figure 5.D-3).

Critical Water Years

In the month of December during critical water years, the median water velocity was predicted to
be 16% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-3). Median
water velocity (ft/s) was -0.266 for the NAA and -0.222 for the PA (Figure 5.D-3). The 25th
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percentile value of water velocity (ft/s) for the NAA was -0.999 and -0.989 for the PA while the
75th percentile value was 0.517 and 0.544 for the PA (Figure 5.D-3). The minimum value of
water velocity (ft/s) for the NAA was -1.543 and -1.46 for the PA while the maximum value was
1.176 and 1.15 for the PA (Figure 5.D-3).

In the month of January during critical water years, the median water velocity was predicted to
be 11% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-3). Median
water velocity (ft/s) was -0.214 for the NAA and -0.19 for the PA (Figure 5.D-3). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.991 and -0.976 for the PA while the
75th percentile value was 0.523 and 0.565 for the PA (Figure 5.D-3). The minimum value of
water velocity (ft/s) for the NAA was -1.392 and -1.39 for the PA while the maximum value was
1.152 and 1.206 for the PA (Figure 5.D-3).

In the month of March during critical water years, the median water velocity was predicted to be
16% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-3). Median water
velocity (ft/s) was -0.019 for the NAA and -0.016 for the PA (Figure 5.D-3). The 25th percentile
value of water velocity (ft/s) for the NAA was -0.899 and -0.907 for the PA while the 75th
percentile value was 0.768 and 0.772 for the PA (Figure 5.D-3). The minimum value of water
velocity (ft/s) for the NAA was -1.346 and -1.321 for the PA while the maximum value was
1.145 and 1.138 for the PA (Figure 5.D-3).

In the month of April during critical water years, the median water velocity was predicted to be
39% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-3). Median water
velocity (ft/s) was 0.056 for the NAA and 0.034 for the PA (Figure 5.D-3). The 25th percentile
value of water velocity (ft/s) for the NAA was -0.879 and -0.891 for the PA while the 75th
percentile value was 0.836 and 0.811 for the PA (Figure 5.D-3). The minimum value of water
velocity (ft/s) for the NAA was -1.321 and -1.322 for the PA while the maximum value was
1.179 and 1.176 for the PA (Figure 5.D-3).

In the month of May during critical water years, the median water velocity was predicted to be
35% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-3). Median water
velocity (ft/s) was 0.045 for the NAA and 0.029 for the PA (Figure 5.D-3). The 25th percentile
value of water velocity (ft/s) for the NAA was -0.86 and -0.875 for the PA while the 75th
percentile value was 0.801 and 0.781 for the PA (Figure 5.D-3). The minimum value of water
velocity (ft/s) for the NAA was -1.27 and -1.281 for the PA while the maximum value was 1.183
and 1.178 for the PA (Figure 5.D-3).

In the month of June during critical water years, the median water velocity was predicted to be
48% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-3). Median water
velocity (ft/s) was 0.035 for the NAA and 0.052 for the PA (Figure 5.D-3). The 25th percentile
value of water velocity (ft/s) for the NAA was -0.894 and -0.891 for the PA while the 75th
percentile value was 0.75 and 0.759 for the PA (Figure 5.D-3). The minimum value of water
velocity (ft/s) for the NAA was -1.265 and -1.233 for the PA while the maximum value was
1.077 and 1.078 for the PA (Figure 5.D-3).
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Figure 5.D-3. Velocity of flow entering the interior delta at channel 94, Old River downstream of the facilities,
during the 82-year CALSIM period. Comparisons between the NAA (NAA) and the PA (PA) were performed
for the months of October through June. Plus symbol indicates median, box represents the interquartile
range, and the whiskers represent the minimum and maximum values.
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5.D0.1.2.1.2.1.1.4  Channel 212, Old River upstream of the facilities

Wet Water Years

In the month of January during wet water years, the median water velocity was predicted to be
8% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-4). Median water
velocity (ft/s) was 0.946 for the NAA and 0.867 for the PA (Figure 5.D-4). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.066 and -0.32 for the PA while the 75th
percentile value was 1.31 and 1.193 for the PA (Figure 5.D-4). The minimum value of water
velocity (ft/s) for the NAA was -1.116 and -1.305 for the PA while the maximum value was
4.836 and 4.537 for the PA (Figure 5.D-4).

In the month of February during wet water years, the median water velocity was predicted to be
8% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-4). Median water
velocity (ft/s) was 1.12 for the NAA and 1.036 for the PA (Figure 5.D-4). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.446 and 0.034 for the PA while the 75th
percentile value was 1.636 and 1.586 for the PA (Figure 5.D-4). The minimum value of water
velocity (ft/s) for the NAA was -1.056 and -1.258 for the PA while the maximum value was
4.135 and 3.795 for the PA (Figure 5.D-4).

In the month of March during wet water years, the median water velocity was predicted to be
10% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-4). Median water
velocity (ft/s) was 1.199 for the NAA and 1.075 for the PA (Figure 5.D-4). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.559 and 0.233 for the PA while the 75th
percentile value was 1.714 and 1.63 for the PA (Figure 5.D-4). The minimum value of water
velocity (ft/s) for the NAA was -1.055 and -1.239 for the PA while the maximum value was
3.601 and 3.479 for the PA (Figure 5.D-4).

In the month of April during wet water years, the median water velocity was predicted to be 8%
higher for the NAA relative to the PA over the 82 water years (Figure 5.D-4). Median water
velocity (ft/s) was 1.171 for the NAA and 1.074 for the PA (Figure 5.D-4). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.392 and 0.066 for the PA while the 75th
percentile value was 1.526 and 1.47 for the PA (Figure 5.D-4). The minimum value of water
velocity (ft/s) for the NAA was -1.009 and -1.24 for the PA while the maximum value was 3.274
and 3.146 for the PA (Figure 5.D-4).

In the month of May during wet water years, the median water velocity was predicted to be 8%
higher for the NAA relative to the PA over the 82 water years (Figure 5.D-4). Median water
velocity (ft/s) was 1.161 for the NAA and 1.069 for the PA (Figure 5.D-4). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.314 and -0.024 for the PA while the 75th
percentile value was 1.593 and 1.527 for the PA (Figure 5.D-4). The minimum value of water
velocity (ft/s) for the NAA was -1.07 and -1.269 for the PA while the maximum value was 3.225
and 3.032 for the PA (Figure 5.D-4).

In the month of June during wet water years, the median water velocity was predicted to be 7%
higher for the NAA relative to the PA over the 82 water years (Figure 5.D-4). Median water
velocity (ft/s) was 0.666 for the NAA and 0.621 for the PA (Figure 5.D-4). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.075 and -0.109 for the PA while the 75th
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percentile value was 1.084 and 1.01 for the PA (Figure 5.D-4). The minimum value of water
velocity (ft/s) for the NAA was -0.87 and -1.155 for the PA while the maximum value was 3.094
and 2.871 for the PA (Figure 5.D-4).

Above Normal Water Years

In the month of January during above normal water years, the median water velocity was
predicted to be 18% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-4). Median water velocity (ft/s) was 0.705 for the NAA and 0.578 for the PA (Figure 5.D-4).
The 25th percentile value of water velocity (ft/s) for the NAA was -0.264 and -0.557 for the PA
while the 75th percentile value was 1.11 and 1.041 for the PA (Figure 5.D-4). The minimum
value of water velocity (ft/s) for the NAA was -1.168 and -1.329 for the PA while the maximum
value was 2.677 and 2.568 for the PA (Figure 5.D-4).

In the month of February during above normal water years, the median water velocity was
predicted to be 13% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-4). Median water velocity (ft/s) was 0.794 for the NAA and 0.689 for the PA (Figure 5.D-4).
The 25th percentile value of water velocity (ft/s) for the NAA was -0.08 and -0.472 for the PA
while the 75th percentile value was 1.18 and 1.058 for the PA (Figure 5.D-4). The minimum
value of water velocity (ft/s) for the NAA was -1.167 and -1.312 for the PA while the maximum
value was 2.878 and 2.859 for the PA (Figure 5.D-4).

In the month of March during above normal water years, the median water velocity was
predicted to be 8% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-4).
Median water velocity (ft/s) was 0.818 for the NAA and 0.754 for the PA (Figure 5.D-4). The
25th percentile value of water velocity (ft/s) for the NAA was 0.047 and -0.541 for the PA while
the 75th percentile value was 1.201 and 1.12 for the PA (Figure 5.D-4). The minimum value of
water velocity (ft/s) for the NAA was -1.083 and -1.268 for the PA while the maximum value
was 2.842 and 2.79 for the PA (Figure 5.D-4).

In the month of April during above normal water years, the median water velocity was predicted
to be 21% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-4). Median
water velocity (ft/s) was 0.814 for the NAA and 0.64 for the PA (Figure 5.D-4). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.203 and -0.635 for the PA while the
75th percentile value was 1.211 and 1.122 for the PA (Figure 5.D-4). The minimum value of
water velocity (ft/s) for the NAA was -1.045 and -1.252 for the PA while the maximum value
was 2.11 and 2.052 for the PA (Figure 5.D-4).

In the month of May during above normal water years, the median water velocity was predicted
to be 24% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-4). Median
water velocity (ft/s) was 0.805 for the NAA and 0.612 for the PA (Figure 5.D-4). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.286 and -0.698 for the PA while the
75th percentile value was 1.221 and 1.125 for the PA (Figure 5.D-4). The minimum value of
water velocity (ft/s) for the NAA was -1.118 and -1.303 for the PA while the maximum value
was 2.383 and 2.384 for the PA (Figure 5.D-4).

In the month of June during above normal water years, the median water velocity was predicted
to be 47% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-4). Median
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water velocity (ft/s) was 0.301 for the NAA and 0.159 for the PA (Figure 5.D-4). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.221 and -0.323 for the PA while the
75th percentile value was 0.708 and 0.69 for the PA (Figure 5.D-4). The minimum value of
water velocity (ft/s) for the NAA was -0.881 and -1.134 for the PA while the maximum value
was 1.464 and 1.405 for the PA (Figure 5.D-4).

Below Normal Water Years

In the month of December during below normal water years, the median water velocity was
predicted to be 6% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-4).
Median water velocity (ft/s) was 0.493 for the NAA and 0.465 for the PA (Figure 5.D-4). The
25th percentile value of water velocity (ft/s) for the NAA was -0.256 and -0.303 for the PA while
the 75th percentile value was 1.025 and 1.03 for the PA (Figure 5.D-4). The minimum value of
water velocity (ft/s) for the NAA was -1.163 and -1.119 for the PA while the maximum value
was 1.69 and 1.724 for the PA (Figure 5.D-4).

In the month of January during below normal water years, the median water velocity was
predicted to be 28% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-4). Median water velocity (ft/s) was 0.503 for the NAA and 0.362 for the PA (Figure 5.D-4).
The 25th percentile value of water velocity (ft/s) for the NAA was -0.36 and -0.686 for the PA
while the 75th percentile value was 1.043 and 1.006 for the PA (Figure 5.D-4). The minimum
value of water velocity (ft/s) for the NAA was -1.125 and -1.253 for the PA while the maximum
value was 1.806 and 1.704 for the PA (Figure 5.D-4).

In the month of February during below normal water years, the median water velocity was
predicted to be 22% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-4). Median water velocity (ft/s) was 0.713 for the NAA and 0.555 for the PA (Figure 5.D-4).
The 25th percentile value of water velocity (ft/s) for the NAA was -0.229 and -0.513 for the PA
while the 75th percentile value was 1.13 and 1.045 for the PA (Figure 5.D-4). The minimum
value of water velocity (ft/s) for the NAA was -1.18 and -1.255 for the PA while the maximum
value was 2.729 and 2.769 for the PA (Figure 5.D-4).

In the month of March during below normal water years, the median water velocity was
predicted to be 40% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-4). Median water velocity (ft/s) was 0.583 for the NAA and 0.35 for the PA (Figure 5.D-4).
The 25th percentile value of water velocity (ft/s) for the NAA was -0.252 and -0.604 for the PA
while the 75th percentile value was 1.087 and 1.004 for the PA (Figure 5.D-4). The minimum
value of water velocity (ft/s) for the NAA was -1.127 and -1.264 for the PA while the maximum
value was 1.816 and 1.854 for the PA (Figure 5.D-4).

In the month of April during below normal water years, the median water velocity was predicted
to be 41% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-4). Median
water velocity (ft/s) was 0.657 for the NAA and 0.387 for the PA (Figure 5.D-4). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.366 and -0.686 for the PA while the
75th percentile value was 1.144 and 1.063 for the PA (Figure 5.D-4). The minimum value of
water velocity (ft/s) for the NAA was -1.048 and -1.234 for the PA while the maximum value
was 1.622 and 1.356 for the PA (Figure 5.D-4).
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In the month of May during below normal water years, the median water velocity was predicted
to be 44% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-4). Median
water velocity (ft/s) was 0.589 for the NAA and 0.327 for the PA (Figure 5.D-4). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.459 and -0.747 for the PA while the
75th percentile value was 1.13 and 1.053 for the PA (Figure 5.D-4). The minimum value of
water velocity (ft/s) for the NAA was -1.106 and -1.278 for the PA while the maximum value
was 1.636 and 1.465 for the PA (Figure 5.D-4).

In the month of June during below normal water years, the median water velocity was predicted
to be 64% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-4). Median
water velocity (ft/s) was 0.132 for the NAA and 0.047 for the PA (Figure 5.D-4). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.344 and -0.389 for the PA while the
75th percentile value was 0.651 and 0.629 for the PA (Figure 5.D-4). The minimum value of
water velocity (ft/s) for the NAA was -1.003 and -1.13 for the PA while the maximum value was
1.37 and 1.093 for the PA (Figure 5.D-4).

Dry Water Years

In the month of January during dry water years, the median water velocity was predicted to be
36% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-4). Median water
velocity (ft/s) was 0.452 for the NAA and 0.287 for the PA (Figure 5.D-4). The 25th percentile
value of water velocity (ft/s) for the NAA was -0.383 and -0.634 for the PA while the 75th
percentile value was 1.033 and 0.978 for the PA (Figure 5.D-4). The minimum value of water
velocity (ft/s) for the NAA was -1.152 and -1.281 for the PA while the maximum value was
1.519 and 1.376 for the PA (Figure 5.D-4).

In the month of February during dry water years, the median water velocity was predicted to be
30% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-4). Median water
velocity (ft/s) was 0.541 for the NAA and 0.378 for the PA (Figure 5.D-4). The 25th percentile
value of water velocity (ft/s) for the NAA was -0.396 and -0.625 for the PA while the 75th
percentile value was 1.056 and 0.98 for the PA (Figure 5.D-4). The minimum value of water
velocity (ft/s) for the NAA was -1.136 and -1.258 for the PA while the maximum value was
3.274 and 3.088 for the PA (Figure 5.D-4).

In the month of March during dry water years, the median water velocity was predicted to be
33% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-4). Median water
velocity (ft/s) was 0.575 for the NAA and 0.387 for the PA (Figure 5.D-4). The 25th percentile
value of water velocity (ft/s) for the NAA was -0.424 and -0.649 for the PA while the 75th
percentile value was 1.066 and 0.994 for the PA (Figure 5.D-4). The minimum value of water
velocity (ft/s) for the NAA was -1.147 and -1.253 for the PA while the maximum value was
2.159 and 2.048 for the PA (Figure 5.D-4).

In the month of April during dry water years, the median water velocity was predicted to be 38%
higher for the NAA relative to the PA over the 82 water years (Figure 5.D-4). Median water
velocity (ft/s) was 0.584 for the NAA and 0.363 for the PA (Figure 5.D-4). The 25th percentile
value of water velocity (ft/s) for the NAA was -0.455 and -0.705 for the PA while the 75th
percentile value was 1.098 and 1.042 for the PA (Figure 5.D-4). The minimum value of water
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velocity (ft/s) for the NAA was -1.145 and -1.259 for the PA while the maximum value was 1.79
and 1.757 for the PA (Figure 5.D-4).

In the month of May during dry water years, the median water velocity was predicted to be 37%
higher for the NAA relative to the PA over the 82 water years (Figure 5.D-4). Median water
velocity (ft/s) was 0.546 for the NAA and 0.346 for the PA (Figure 5.D-4). The 25th percentile
value of water velocity (ft/s) for the NAA was -0.489 and -0.723 for the PA while the 75th
percentile value was 1.094 and 1.042 for the PA (Figure 5.D-4). The minimum value of water
velocity (ft/s) for the NAA was -1.17 and -1.282 for the PA while the maximum value was 2.517
and 2.503 for the PA (Figure 5.D-4).

In the month of June during dry water years, the median water velocity was predicted to be 67%
higher for the NAA relative to the PA over the 82 water years (Figure 5.D-4). Median water
velocity (ft/s) was 0.113 for the NAA and 0.037 for the PA (Figure 5.D-4). The 25th percentile
value of water velocity (ft/s) for the NAA was -0.38 and -0.425 for the PA while the 75th
percentile value was 0.625 and 0.613 for the PA (Figure 5.D-4). The minimum value of water
velocity (ft/s) for the NAA was -1.084 and -1.142 for the PA while the maximum value was
1.334 and 1.119 for the PA (Figure 5.D-4).

Critical Water Years

In the month of December during critical water years, the median water velocity was predicted to
be 6% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-4). Median
water velocity (ft/s) was 0.418 for the NAA and 0.394 for the PA (Figure 5.D-4). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.442 and -0.452 for the PA while the
75th percentile value was 1.005 and 1.002 for the PA (Figure 5.D-4). The minimum value of
water velocity (ft/s) for the NAA was -1.18 and -1.133 for the PA while the maximum value was
1.753 and 1.82 for the PA (Figure 5.D-4).

In the month of January during critical water years, the median water velocity was predicted to
be 37% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-4). Median
water velocity (ft/s) was 0.393 for the NAA and 0.248 for the PA (Figure 5.D-4). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.456 and -0.643 for the PA while the
75th percentile value was 1.003 and 0.961 for the PA (Figure 5.D-4). The minimum value of
water velocity (ft/s) for the NAA was -1.112 and -1.261 for the PA while the maximum value
was 1.438 and 1.313 for the PA (Figure 5.D-4).

In the month of February during critical water years, the median water velocity was predicted to
be 36% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-4). Median
water velocity (ft/s) was 0.467 for the NAA and 0.3 for the PA (Figure 5.D-4). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.469 and -0.649 for the PA while the
75th percentile value was 1.032 and 0.963 for the PA (Figure 5.D-4). The minimum value of
water velocity (ft/s) for the NAA was -1.087 and -1.221 for the PA while the maximum value
was 1.494 and 1.314 for the PA (Figure 5.D-4).

In the month of March during critical water years, the median water velocity was predicted to be
39% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-4). Median water
velocity (ft/s) was 0.41 for the NAA and 0.251 for the PA (Figure 5.D-4). The 25th percentile
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value of water velocity (ft/s) for the NAA was -0.602 and -0.755 for the PA while the 75th
percentile value was 1.023 and 1.002 for the PA (Figure 5.D-4). The minimum value of water
velocity (ft/s) for the NAA was -1.153 and -1.277 for the PA while the maximum value was
1.334 and 1.231 for the PA (Figure 5.D-4).

In the month of April during critical water years, the median water velocity was predicted to be
38% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-4). Median water
velocity (ft/s) was 0.378 for the NAA and 0.235 for the PA (Figure 5.D-4). The 25th percentile
value of water velocity (ft/s) for the NAA was -0.67 and -0.792 for the PA while the 75th
percentile value was 1.033 and 1.012 for the PA (Figure 5.D-4). The minimum value of water
velocity (ft/s) for the NAA was -1.175 and -1.281 for the PA while the maximum value was
1.388 and 1.276 for the PA (Figure 5.D-4).

In the month of May during critical water years, the median water velocity was predicted to be
44% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-4). Median water
velocity (ft/s) was 0.359 for the NAA and 0.2 for the PA (Figure 5.D-4). The 25th percentile
value of water velocity (ft/s) for the NAA was -0.665 and -0.796 for the PA while the 75th
percentile value was 1.047 and 1.023 for the PA (Figure 5.D-4). The minimum value of water
velocity (ft/s) for the NAA was -1.216 and -1.281 for the PA while the maximum value was 1.56
and 1.438 for the PA (Figure 5.D-4).

In the month of June during critical water years, the median water velocity was predicted to be
229% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-4). Median
water velocity (ft/s) was 0.009 for the NAA and -0.011 for the PA (Figure 5.D-4). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.472 and -0.491 for the PA while the
75th percentile value was 0.61 and 0.596 for the PA (Figure 5.D-4). The minimum value of
water velocity (ft/s) for the NAA was -1.087 and -1.18 for the PA while the maximum value was
1.084 and 1.081 for the PA (Figure 5.D-4).
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Figure 5.D-4. Velocity of flow entering the interior delta at channel 212, Old River upstream of the facilities,
during the 82-year CALSIM period. Comparisons between the NAA (NAA) and the PA (PA) were performed
for the months of October through June. Plus symbol indicates median, box represents the interquartile

range, and the whiskers represent the minimum and maximum values.
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5D.1.21.2.1.15 Channel 365, Delta Cross Channel

Wet Water Years

In the month of June during wet water years, the median water velocity was predicted to be 12%
lower for the NAA relative to the PA over the 82 water years (Figure 5.D-5). Median water
velocity (ft/s) was 0.422 for the NAA and 0.471 for the PA (Figure 5.D-5). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.03 and 0.046 for the PA while the 75th
percentile value was 0.869 and 0.84 for the PA (Figure 5.D-5). The minimum value of water
velocity (ft/s) for the NAA was -0.833 and -0.877 for the PA while the maximum value was
1.743 and 1.662 for the PA (Figure 5.D-5).

Above Normal Water Years

In the month of December during above normal water years, the median water velocity was
predicted to be 6% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-5).
Median water velocity (ft/s) was 0.025 for the NAA and 0.027 for the PA (Figure 5.D-5). The
25th percentile value of water velocity (ft/s) for the NAA was -0.044 and -0.043 for the PA while
the 75th percentile value was 0.052 and 0.052 for the PA (Figure 5.D-5). The minimum value of
water velocity (ft/s) for the NAA was -0.761 and -0.766 for the PA while the maximum value
was 2.578 and 2.653 for the PA (Figure 5.D-5).

In the month of June during above normal water years, the median water velocity was predicted
to be 13% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-5). Median
water velocity (ft/s) was 0.662 for the NAA and 0.576 for the PA (Figure 5.D-5). The 25th
percentile value of water velocity (ft/s) for the NAA was 0.274 and 0.205 for the PA while the
75th percentile value was 0.98 and 0.902 for the PA (Figure 5.D-5). The minimum value of
water velocity (ft/s) for the NAA was -0.775 and -0.742 for the PA while the maximum value
was 1.682 and 1.578 for the PA (Figure 5.D-5).

Below Normal Water Years

In the month of June during below normal water years, the median water velocity was predicted
to be 8% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-5). Median
water velocity (ft/s) was 0.667 for the NAA and 0.613 for the PA (Figure 5.D-5). The 25th
percentile value of water velocity (ft/s) for the NAA was 0.294 and 0.228 for the PA while the
75th percentile value was 0.975 and 0.942 for the PA (Figure 5.D-5). The minimum value of
water velocity (ft/s) for the NAA was -0.593 and -0.674 for the PA while the maximum value
was 1.584 and 1.602 for the PA (Figure 5.D-5).

Dry Water Years

In the month of June during dry water years, the median water velocity was predicted to be 10%
higher for the NAA relative to the PA over the 82 water years (Figure 5.D-5). Median water
velocity (ft/s) was 0.675 for the NAA and 0.609 for the PA (Figure 5.D-5). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.298 and 0.215 for the PA while the 75th
percentile value was 0.979 and 0.931 for the PA (Figure 5.D-5). The minimum value of water
velocity (ft/s) for the NAA was -0.677 and -0.719 for the PA while the maximum value was
1.608 and 1.632 for the PA (Figure 5.D-5).
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Figure 5.D-5. Velocity of flow entering the interior delta at channel 365, the Delta Cross Channel, during the
82-year CALSIM period. Comparisons between the NAA (NAA) and the PA (PA) were performed for the
months of October through June. Plus symbol indicates median, box represents the interquartile range, and

the whiskers represent the minimum and maximum values.
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5.D0.1.2.1.2.1.1.6  Channel 379, Steamboat Slough

Wet Water Years

In the month of December during wet water years, the median water velocity was predicted to be
13% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-6). Median water
velocity (ft/s) was 1.691 for the NAA and 1.478 for the PA (Figure 5.D-6). The 25th percentile
value of water velocity (ft/s) for the NAA was 1.187 and 1.068 for the PA while the 75th
percentile value was 2.611 and 2.579 for the PA (Figure 5.D-6). The minimum value of water
velocity (ft/s) for the NAA was -0.68 and -0.686 for the PA while the maximum value was 3.639
and 3.694 for the PA (Figure 5.D-6).

In the month of January during wet water years, the median water velocity was predicted to be
12% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-6). Median water
velocity (ft/s) was 2.573 for the NAA and 2.27 for the PA (Figure 5.D-6). The 25th percentile
value of water velocity (ft/s) for the NAA was 1.553 and 1.287 for the PA while the 75th
percentile value was 3.265 and 3.001 for the PA (Figure 5.D-6). The minimum value of water
velocity (ft/s) for the NAA was -0.392 and -0.393 for the PA while the maximum value was
3.605 and 3.674 for the PA (Figure 5.D-6).

In the month of February during wet water years, the median water velocity was predicted to be
9% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-6). Median water
velocity (ft/s) was 3.045 for the NAA and 2.765 for the PA (Figure 5.D-6). The 25th percentile
value of water velocity (ft/s) for the NAA was 2.111 and 1.826 for the PA while the 75th
percentile value was 3.281 and 3.015 for the PA (Figure 5.D-6). The minimum value of water
velocity (ft/s) for the NAA was -0.033 and -0.057 for the PA while the maximum value was
3.641 and 3.664 for the PA (Figure 5.D-6).

In the month of March during wet water years, the median water velocity was predicted to be
13% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-6). Median water
velocity (ft/s) was 2.536 for the NAA and 2.208 for the PA (Figure 5.D-6). The 25th percentile
value of water velocity (ft/s) for the NAA was 1.63 and 1.255 for the PA while the 75th
percentile value was 3.163 and 2.884 for the PA (Figure 5.D-6). The minimum value of water
velocity (ft/s) for the NAA was 0.327 and 0.048 for the PA while the maximum value was 3.652
and 3.644 for the PA (Figure 5.D-6).

In the month of April during wet water years, the median water velocity was predicted to be 7%
higher for the NAA relative to the PA over the 82 water years (Figure 5.D-6). Median water
velocity (ft/s) was 1.763 for the NAA and 1.648 for the PA (Figure 5.D-6). The 25th percentile
value of water velocity (ft/s) for the NAA was 1.255 and 1.175 for the PA while the 75th
percentile value was 2.564 and 2.44 for the PA (Figure 5.D-6). The minimum value of water
velocity (ft/s) for the NAA was -0.514 and -0.523 for the PA while the maximum value was
3.643 and 3.649 for the PA (Figure 5.D-6).

In the month of May during wet water years, the median water velocity was predicted to be 8%
higher for the NAA relative to the PA over the 82 water years (Figure 5.D-6). Median water
velocity (ft/s) was 1.687 for the NAA and 1.543 for the PA (Figure 5.D-6). The 25th percentile
value of water velocity (ft/s) for the NAA was 1.09 and 1.027 for the PA while the 75th
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percentile value was 2.229 and 2.047 for the PA (Figure 5.D-6). The minimum value of water
velocity (ft/s) for the NAA was -0.467 and -0.475 for the PA while the maximum value was
3.228 and 3.228 for the PA (Figure 5.D-6).

In the month of June during wet water years, the median water velocity was predicted to be 22%
higher for the NAA relative to the PA over the 82 water years (Figure 5.D-6). Median water
velocity (ft/s) was 1.036 for the NAA and 0.807 for the PA (Figure 5.D-6). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.694 and 0.435 for the PA while the 75th
percentile value was 1.533 and 1.078 for the PA (Figure 5.D-6). The minimum value of water
velocity (ft/s) for the NAA was -0.69 and -0.672 for the PA while the maximum value was 3.152
and 3.219 for the PA (Figure 5.D-6).

Above Normal Water Years

In the month of December during above normal water years, the median water velocity was
predicted to be 8% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-6).
Median water velocity (ft/s) was 1.101 for the NAA and 1.012 for the PA (Figure 5.D-6). The
25th percentile value of water velocity (ft/s) for the NAA was 0.789 and 0.691 for the PA while
the 75th percentile value was 1.534 and 1.415 for the PA (Figure 5.D-6). The minimum value of
water velocity (ft/s) for the NAA was -0.752 and -0.76 for the PA while the maximum value was
3.639 and 3.773 for the PA (Figure 5.D-6).

In the month of January during above normal water years, the median water velocity was
predicted to be 15% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-6). Median water velocity (ft/s) was 1.866 for the NAA and 1.578 for the PA (Figure 5.D-6).
The 25th percentile value of water velocity (ft/s) for the NAA was 1.3 and 1.118 for the PA
while the 75th percentile value was 2.828 and 2.542 for the PA (Figure 5.D-6). The minimum
value of water velocity (ft/s) for the NAA was -0.188 and -0.206 for the PA while the maximum
value was 3.643 and 3.733 for the PA (Figure 5.D-6).

In the month of February during above normal water years, the median water velocity was
predicted to be 10% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-6). Median water velocity (ft/s) was 2.564 for the NAA and 2.305 for the PA (Figure 5.D-6).
The 25th percentile value of water velocity (ft/s) for the NAA was 1.526 and 1.139 for the PA
while the 75th percentile value was 3.118 and 2.864 for the PA (Figure 5.D-6). The minimum
value of water velocity (ft/s) for the NAA was -0.773 and -0.784 for the PA while the maximum
value was 3.622 and 3.685 for the PA (Figure 5.D-6).

In the month of March during above normal water years, the median water velocity was
predicted to be 14% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-6). Median water velocity (ft/s) was 2.052 for the NAA and 1.769 for the PA (Figure 5.D-6).
The 25th percentile value of water velocity (ft/s) for the NAA was 1.559 and 1.173 for the PA
while the 75th percentile value was 2.84 and 2.622 for the PA (Figure 5.D-6). The minimum
value of water velocity (ft/s) for the NAA was 0.102 and -0.067 for the PA while the maximum
value was 3.597 and 3.551 for the PA (Figure 5.D-6).

In the month of April during above normal water years, the median water velocity was predicted
to be 6% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-6). Median
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water velocity (ft/s) was 1.345 for the NAA and 1.27 for the PA (Figure 5.D-6). The 25th
percentile value of water velocity (ft/s) for the NAA was 1.01 and 0.931 for the PA while the
75th percentile value was 1.728 and 1.71 for the PA (Figure 5.D-6). The minimum value of
water velocity (ft/s) for the NAA was -0.56 and -0.556 for the PA while the maximum value was
3.392 and 3.412 for the PA (Figure 5.D-6).

In the month of May during above normal water years, the median water velocity was predicted
to be 6% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-6). Median
water velocity (ft/s) was 1.022 for the NAA and 0.958 for the PA (Figure 5.D-6). The 25th
percentile value of water velocity (ft/s) for the NAA was 0.694 and 0.568 for the PA while the
75th percentile value was 1.276 and 1.233 for the PA (Figure 5.D-6). The minimum value of
water velocity (ft/s) for the NAA was -0.61 and -0.617 for the PA while the maximum value was
3.06 and 3.121 for the PA (Figure 5.D-6).

In the month of June during above normal water years, the median water velocity was predicted
to be 18% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-6). Median
water velocity (ft/s) was 0.799 for the NAA and 0.656 for the PA (Figure 5.D-6). The 25th
percentile value of water velocity (ft/s) for the NAA was 0.398 and 0.295 for the PA while the
75th percentile value was 1.013 and 0.882 for the PA (Figure 5.D-6). The minimum value of
water velocity (ft/s) for the NAA was -0.716 and -0.598 for the PA while the maximum value
was 1.988 and 1.677 for the PA (Figure 5.D-6).

Below Normal Water Years

In the month of December during below normal water years, the median water velocity was
predicted to be 9% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-6).
Median water velocity (ft/s) was 0.996 for the NAA and 0.902 for the PA (Figure 5.D-6). The
25th percentile value of water velocity (ft/s) for the NAA was 0.684 and 0.565 for the PA while
the 75th percentile value was 1.235 and 1.152 for the PA (Figure 5.D-6). The minimum value of
water velocity (ft/s) for the NAA was -0.765 and -0.772 for the PA while the maximum value
was 2.08 and 2.199 for the PA (Figure 5.D-6).

In the month of January during below normal water years, the median water velocity was
predicted to be 6% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-6).
Median water velocity (ft/s) was 1.079 for the NAA and 1.015 for the PA (Figure 5.D-6). The
25th percentile value of water velocity (ft/s) for the NAA was 0.782 and 0.69 for the PA while
the 75th percentile value was 1.446 and 1.318 for the PA (Figure 5.D-6). The minimum value of
water velocity (ft/s) for the NAA was -0.715 and -0.663 for the PA while the maximum value
was 2.395 and 2.383 for the PA (Figure 5.D-6).

In the month of February during below normal water years, the median water velocity was
predicted to be 10% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-6). Median water velocity (ft/s) was 1.327 for the NAA and 1.192 for the PA (Figure 5.D-6).
The 25th percentile value of water velocity (ft/s) for the NAA was 0.965 and 0.83 for the PA
while the 75th percentile value was 2.384 and 2.028 for the PA (Figure 5.D-6). The minimum
value of water velocity (ft/s) for the NAA was -0.697 and -0.702 for the PA while the maximum
value was 3.548 and 3.298 for the PA (Figure 5.D-6).

Biological Assessment for the 5D-70 July 2016
California WaterFix : ICF 00237.15



Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

In the month of March during below normal water years, the median water velocity was
predicted to be 13% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-6). Median water velocity (ft/s) was 1.146 for the NAA and 0.992 for the PA (Figure 5.D-6).
The 25th percentile value of water velocity (ft/s) for the NAA was 0.855 and 0.673 for the PA
while the 75th percentile value was 1.466 and 1.219 for the PA (Figure 5.D-6). The minimum
value of water velocity (ft/s) for the NAA was -0.396 and -0.423 for the PA while the maximum
value was 3.221 and 3.001 for the PA (Figure 5.D-6).

In the month of June during below normal water years, the median water velocity was predicted
to be 11% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-6). Median
water velocity (ft/s) was 0.763 for the NAA and 0.681 for the PA (Figure 5.D-6). The 25th
percentile value of water velocity (ft/s) for the NAA was 0.345 and 0.339 for the PA while the
75th percentile value was 0.98 and 0.915 for the PA (Figure 5.D-6). The minimum value of
water velocity (ft/s) for the NAA was -0.514 and -0.546 for the PA while the maximum value
was 1.608 and 1.401 for the PA (Figure 5.D-6).

Dry Water Years

In the month of December during dry water years, the median water velocity was predicted to be
6% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-6). Median water
velocity (ft/s) was 0.875 for the NAA and 0.823 for the PA (Figure 5.D-6). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.539 and 0.445 for the PA while the 75th
percentile value was 1.111 and 1.062 for the PA (Figure 5.D-6). The minimum value of water
velocity (ft/s) for the NAA was -0.8 and -0.799 for the PA while the maximum value was 2.062
and 2.256 for the PA (Figure 5.D-6).

In the month of January during dry water years, the median water velocity was predicted to be
7% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-6). Median water
velocity (ft/s) was 1.008 for the NAA and 0.939 for the PA (Figure 5.D-6). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.679 and 0.599 for the PA while the 75th
percentile value was 1.282 and 1.193 for the PA (Figure 5.D-6). The minimum value of water
velocity (ft/s) for the NAA was -0.626 and -0.639 for the PA while the maximum value was
3.232 and 2.906 for the PA (Figure 5.D-6).

In the month of February during dry water years, the median water velocity was predicted to be
9% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-6). Median water
velocity (ft/s) was 1.202 for the NAA and 1.09 for the PA (Figure 5.D-6). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.896 and 0.761 for the PA while the 75th
percentile value was 1.61 and 1.423 for the PA (Figure 5.D-6). The minimum value of water
velocity (ft/s) for the NAA was -0.544 and -0.538 for the PA while the maximum value was
3.415 and 3.16 for the PA (Figure 5.D-6).

In the month of March during dry water years, the median water velocity was predicted to be
15% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-6). Median water
velocity (ft/s) was 1.236 for the NAA and 1.052 for the PA (Figure 5.D-6). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.927 and 0.74 for the PA while the 75th
percentile value was 1.583 and 1.303 for the PA (Figure 5.D-6). The minimum value of water
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velocity (ft/s) for the NAA was -0.481 and -0.482 for the PA while the maximum value was
3.317 and 3.111 for the PA (Figure 5.D-6).

In the month of June during dry water years, the median water velocity was predicted to be 13%
higher for the NAA relative to the PA over the 82 water years (Figure 5.D-6). Median water
velocity (ft/s) was 0.758 for the NAA and 0.659 for the PA (Figure 5.D-6). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.339 and 0.288 for the PA while the 75th
percentile value was 0.976 and 0.906 for the PA (Figure 5.D-6). The minimum value of water
velocity (ft/s) for the NAA was -0.586 and -0.614 for the PA while the maximum value was
1.379 and 1.446 for the PA (Figure 5.D-6).

Critical Water Years

In the month of December during critical water years, the median water velocity was predicted to
be 6% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-6). Median
water velocity (ft/s) was 0.766 for the NAA and 0.721 for the PA (Figure 5.D-6). The 25th
percentile value of water velocity (ft/s) for the NAA was 0.283 and 0.208 for the PA while the
75th percentile value was 1.006 and 0.967 for the PA (Figure 5.D-6). The minimum value of
water velocity (ft/s) for the NAA was -0.749 and -0.764 for the PA while the maximum value
was 1.799 and 1.927 for the PA (Figure 5.D-6).

In the month of February during critical water years, the median water velocity was predicted to
be 10% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-6). Median
water velocity (ft/s) was 1.006 for the NAA and 0.909 for the PA (Figure 5.D-6). The 25th
percentile value of water velocity (ft/s) for the NAA was 0.71 and 0.566 for the PA while the
75th percentile value was 1.224 and 1.153 for the PA (Figure 5.D-6). The minimum value of
water velocity (ft/s) for the NAA was -0.616 and -0.639 for the PA while the maximum value
was 2.571 and 2.591 for the PA (Figure 5.D-6).

In the month of May during critical water years, the median water velocity was predicted to be
6% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-6). Median water
velocity (ft/s) was 0.649 for the NAA and 0.607 for the PA (Figure 5.D-6). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.131 and 0.106 for the PA while the 75th
percentile value was 0.899 and 0.907 for the PA (Figure 5.D-6). The minimum value of water
velocity (ft/s) for the NAA was -0.761 and -0.765 for the PA while the maximum value was 1.48
and 1.487 for the PA (Figure 5.D-6).

In the month of June during critical water years, the median water velocity was predicted to be
8% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-6). Median water
velocity (ft/s) was 0.61 for the NAA and 0.562 for the PA (Figure 5.D-6). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.048 and 0.036 for the PA while the 75th
percentile value was 0.862 and 0.858 for the PA (Figure 5.D-6). The minimum value of water
velocity (ft/s) for the NAA was -0.79 and -0.794 for the PA while the maximum value was 1.307
and 1.326 for the PA (Figure 5.D-6).
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Figure 5.D-6. Velocity of flow entering the interior delta at channel 379, Steamboat Slough, during the 82-
year CALSIM period. Comparisons between the NAA (NAA) and the PA (PA) were performed for the
months of October through June. Plus symbol indicates median, box represents the interquartile range, and
the whiskers represent the minimum and maximum values.

Biological Assessment for the 5D-73 July 2016
California WaterFix : ICF 00237.15



Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

5.D0.1.2.1.2.1.1.7  Channel 383, Sutter Slough

Wet Water Years

In the month of December during wet water years, the median water velocity was predicted to be
9% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-7). Median water
velocity (ft/s) was 1.972 for the NAA and 1.789 for the PA (Figure 5.D-7). The 25th percentile
value of water velocity (ft/s) for the NAA was 1.38 and 1.227 for the PA while the 75th
percentile value was 2.98 and 2.871 for the PA (Figure 5.D-7). The minimum value of water
velocity (ft/s) for the NAA was -1.389 and -1.396 for the PA while the maximum value was
4.199 and 4.166 for the PA (Figure 5.D-7).

In the month of January during wet water years, the median water velocity was predicted to be
11% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-7). Median water
velocity (ft/s) was 2.932 for the NAA and 2.617 for the PA (Figure 5.D-7). The 25th percentile
value of water velocity (ft/s) for the NAA was 1.805 and 1.574 for the PA while the 75th
percentile value was 3.737 and 3.438 for the PA (Figure 5.D-7). The minimum value of water
velocity (ft/s) for the NAA was -0.945 and -0.965 for the PA while the maximum value was
4.196 and 4.117 for the PA (Figure 5.D-7).

In the month of February during wet water years, the median water velocity was predicted to be
10% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-7). Median water
velocity (ft/s) was 3.448 for the NAA and 3.12 for the PA (Figure 5.D-7). The 25th percentile
value of water velocity (ft/s) for the NAA was 2.41 and 2.067 for the PA while the 75th
percentile value was 3.769 and 3.471 for the PA (Figure 5.D-7). The minimum value of water
velocity (ft/s) for the NAA was -0.803 and -1.03 for the PA while the maximum value was 4.172
and 4.136 for the PA (Figure 5.D-7).

In the month of March during wet water years, the median water velocity was predicted to be
13% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-7). Median water
velocity (ft/s) was 2.868 for the NAA and 2.495 for the PA (Figure 5.D-7). The 25th percentile
value of water velocity (ft/s) for the NAA was 1.88 and 1.502 for the PA while the 75th
percentile value was 3.612 and 3.299 for the PA (Figure 5.D-7). The minimum value of water
velocity (ft/s) for the NAA was -0.574 and -0.869 for the PA while the maximum value was
4.187 and 4.042 for the PA (Figure 5.D-7).

In the month of April during wet water years, the median water velocity was predicted to be 6%
higher for the NAA relative to the PA over the 82 water years (Figure 5.D-7). Median water
velocity (ft/s) was 2.021 for the NAA and 1.903 for the PA (Figure 5.D-7). The 25th percentile
value of water velocity (ft/s) for the NAA was 1.453 and 1.354 for the PA while the 75th
percentile value was 2.909 and 2.766 for the PA (Figure 5.D-7). The minimum value of water
velocity (ft/s) for the NAA was -1.112 and -1.123 for the PA while the maximum value was
4.122 and 4.022 for the PA (Figure 5.D-7).

In the month of May during wet water years, the median water velocity was predicted to be 8%
higher for the NAA relative to the PA over the 82 water years (Figure 5.D-7). Median water
velocity (ft/s) was 1.888 for the NAA and 1.742 for the PA (Figure 5.D-7). The 25th percentile
value of water velocity (ft/s) for the NAA was 1.306 and 1.2 for the PA while the 75th percentile
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value was 2.545 and 2.315 for the PA (Figure 5.D-7). The minimum value of water velocity (ft/s)
for the NAA was -1.091 and -1.217 for the PA while the maximum value was 3.728 and 3.699
for the PA (Figure 5.D-7).

In the month of June during wet water years, the median water velocity was predicted to be 15%
higher for the NAA relative to the PA over the 82 water years (Figure 5.D-7). Median water
velocity (ft/s) was 1.346 for the NAA and 1.14 for the PA (Figure 5.D-7). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.544 and 0.013 for the PA while the 75th
percentile value was 1.765 and 1.463 for the PA (Figure 5.D-7). The minimum value of water
velocity (ft/s) for the NAA was -1.384 and -1.418 for the PA while the maximum value was
3.582 and 3.388 for the PA (Figure 5.D-7).

Above Normal Water Years

In the month of December during above normal water years, the median water velocity was
predicted to be 6% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-7).
Median water velocity (ft/s) was 1.394 for the NAA and 1.313 for the PA (Figure 5.D-7). The
25th percentile value of water velocity (ft/s) for the NAA was 0.729 and 0.556 for the PA while
the 75th percentile value was 1.842 and 1.766 for the PA (Figure 5.D-7). The minimum value of
water velocity (ft/s) for the NAA was -1.401 and -1.408 for the PA while the maximum value
was 4.19 and 4.195 for the PA (Figure 5.D-7).

In the month of January during above normal water years, the median water velocity was
predicted to be 11% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-7). Median water velocity (ft/s) was 2.161 for the NAA and 1.916 for the PA (Figure 5.D-7).
The 25th percentile value of water velocity (ft/s) for the NAA was 1.505 and 1.308 for the PA
while the 75th percentile value was 3.229 and 2.879 for the PA (Figure 5.D-7). The minimum
value of water velocity (ft/s) for the NAA was -0.867 and -0.955 for the PA while the maximum
value was 4.212 and 4.119 for the PA (Figure 5.D-7).

In the month of February during above normal water years, the median water velocity was
predicted to be 10% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-7). Median water velocity (ft/s) was 2.937 for the NAA and 2.632 for the PA (Figure 5.D-7).
The 25th percentile value of water velocity (ft/s) for the NAA was 1.729 and 1.439 for the PA
while the 75th percentile value was 3.559 and 3.274 for the PA (Figure 5.D-7). The minimum
value of water velocity (ft/s) for the NAA was -1.302 and -1.312 for the PA while the maximum
value was 4.162 and 4.07 for the PA (Figure 5.D-7).

In the month of March during above normal water years, the median water velocity was
predicted to be 13% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-7). Median water velocity (ft/s) was 2.346 for the NAA and 2.042 for the PA (Figure 5.D-7).
The 25th percentile value of water velocity (ft/s) for the NAA was 1.743 and 1.389 for the PA
while the 75th percentile value was 3.239 and 2.969 for the PA (Figure 5.D-7). The minimum
value of water velocity (ft/s) for the NAA was -0.642 and -0.921 for the PA while the maximum
value was 4.118 and 4.04 for the PA (Figure 5.D-7).

In the month of May during above normal water years, the median water velocity was predicted
to be 5% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-7). Median
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water velocity (ft/s) was 1.275 for the NAA and 1.206 for the PA (Figure 5.D-7). The 25th
percentile value of water velocity (ft/s) for the NAA was 0.522 and 0.382 for the PA while the
75th percentile value was 1.63 and 1.574 for the PA (Figure 5.D-7). The minimum value of
water velocity (ft/s) for the NAA was -1.245 and -1.288 for the PA while the maximum value
was 3.521 and 3.513 for the PA (Figure 5.D-7).

In the month of June during above normal water years, the median water velocity was predicted
to be 9% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-7). Median
water velocity (ft/s) was 1.026 for the NAA and 0.93 for the PA (Figure 5.D-7). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.159 and -0.327 for the PA while the
75th percentile value was 1.418 and 1.305 for the PA (Figure 5.D-7). The minimum value of
water velocity (ft/s) for the NAA was -1.337 and -1.328 for the PA while the maximum value
was 2.412 and 1.904 for the PA (Figure 5.D-7).

Below Normal Water Years

In the month of December during below normal water years, the median water velocity was
predicted to be 6% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-7).
Median water velocity (ft/s) was 1.235 for the NAA and 1.156 for the PA (Figure 5.D-7). The
25th percentile value of water velocity (ft/s) for the NAA was 0.445 and 0.222 for the PA while
the 75th percentile value was 1.599 and 1.512 for the PA (Figure 5.D-7). The minimum value of
water velocity (ft/s) for the NAA was -1.426 and -1.431 for the PA while the maximum value
was 2.508 and 2.544 for the PA (Figure 5.D-7).

In the month of January during below normal water years, the median water velocity was
predicted to be 6% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-7).
Median water velocity (ft/s) was 1.362 for the NAA and 1.276 for the PA (Figure 5.D-7). The
25th percentile value of water velocity (ft/s) for the NAA was 0.707 and 0.538 for the PA while
the 75th percentile value was 1.743 and 1.658 for the PA (Figure 5.D-7). The minimum value of
water velocity (ft/s) for the NAA was -1.357 and -1.311 for the PA while the maximum value
was 2.852 and 2.676 for the PA (Figure 5.D-7).

In the month of February during below normal water years, the median water velocity was
predicted to be 7% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-7).
Median water velocity (ft/s) was 1.631 for the NAA and 1.518 for the PA (Figure 5.D-7). The
25th percentile value of water velocity (ft/s) for the NAA was 1.058 and 0.877 for the PA while
the 75th percentile value was 2.726 and 2.334 for the PA (Figure 5.D-7). The minimum value of
water velocity (ft/s) for the NAA was -1.227 and -1.234 for the PA while the maximum value
was 4.117 and 3.849 for the PA (Figure 5.D-7).

In the month of March during below normal water years, the median water velocity was
predicted to be 11% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-7). Median water velocity (ft/s) was 1.397 for the NAA and 1.239 for the PA (Figure 5.D-7).
The 25th percentile value of water velocity (ft/s) for the NAA was 0.833 and 0.503 for the PA
while the 75th percentile value was 1.725 and 1.571 for the PA (Figure 5.D-7). The minimum
value of water velocity (ft/s) for the NAA was -0.96 and -1.028 for the PA while the maximum
value was 3.716 and 3.474 for the PA (Figure 5.D-7).
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Dry Water Years

In the month of January during dry water years, the median water velocity was predicted to be
6% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-7). Median water
velocity (ft/s) was 1.272 for the NAA and 1.196 for the PA (Figure 5.D-7). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.531 and 0.37 for the PA while the 75th
percentile value was 1.636 and 1.579 for the PA (Figure 5.D-7). The minimum value of water
velocity (ft/s) for the NAA was -1.214 and -1.229 for the PA while the maximum value was
3.745 and 3.397 for the PA (Figure 5.D-7).

In the month of February during dry water years, the median water velocity was predicted to be
7% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-7). Median water
velocity (ft/s) was 1.493 for the NAA and 1.384 for the PA (Figure 5.D-7). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.915 and 0.696 for the PA while the 75th
percentile value was 1.921 and 1.77 for the PA (Figure 5.D-7). The minimum value of water
velocity (ft/s) for the NAA was -1.073 and -1.067 for the PA while the maximum value was 3.93
and 3.652 for the PA (Figure 5.D-7).

In the month of March during dry water years, the median water velocity was predicted to be
12% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-7). Median water
velocity (ft/s) was 1.483 for the NAA and 1.307 for the PA (Figure 5.D-7). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.953 and 0.612 for the PA while the 75th
percentile value was 1.863 and 1.647 for the PA (Figure 5.D-7). The minimum value of water
velocity (ft/s) for the NAA was -0.966 and -0.995 for the PA while the maximum value was
3.824 and 3.529 for the PA (Figure 5.D-7).

Critical Water Years

In the month of December during critical water years, the median water velocity was predicted to
be 5% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-7). Median
water velocity (ft/s) was 0.987 for the NAA and 0.936 for the PA (Figure 5.D-7). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.208 and -0.3 for the PA while the
75th percentile value was 1.405 and 1.362 for the PA (Figure 5.D-7). The minimum value of
water velocity (ft/s) for the NAA was -1.431 and -1.442 for the PA while the maximum value
was 2.206 and 2.209 for the PA (Figure 5.D-7).

In the month of February during critical water years, the median water velocity was predicted to
be 8% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-7). Median
water velocity (ft/s) was 1.249 for the NAA and 1.143 for the PA (Figure 5.D-7). The 25th
percentile value of water velocity (ft/s) for the NAA was 0.517 and 0.28 for the PA while the
75th percentile value was 1.586 and 1.534 for the PA (Figure 5.D-7). The minimum value of
water velocity (ft/s) for the NAA was -1.12 and -1.19 for the PA while the maximum value was
3.09 and 3.11 for the PA (Figure 5.D-7).

In the month of March during critical water years, the median water velocity was predicted to be
6% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-7). Median water
velocity (ft/s) was 1.083 for the NAA and 1.019 for the PA (Figure 5.D-7). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.066 and -0.028 for the PA while the 75th
percentile value was 1.441 and 1.439 for the PA (Figure 5.D-7). The minimum value of water
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velocity (ft/s) for the NAA was -1.275 and -1.221 for the PA while the maximum value was

3.019 and 2.676 for the PA (Figure 5.D-7).
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Figure 5.D-7. Velocity of flow entering the interior delta at channel 383, Sutter Slough, during the 82-year
CALSIM period. Comparisons between the NAA (NAA) and the PA (PA) were performed for the months of

October through June. Plus symbol indicates median, box represents the interquartile range, and the

whiskers represent the minimum and maximum values.
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5.D0.1.2.1.2.1.1.8  Channel 418, Sacramento River downstream of proposed diversions

Wet Water Years

In the month of December during wet water years, the median water velocity was predicted to be
15% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-8). Median water
velocity (ft/s) was 2.224 for the NAA and 1.901 for the PA (Figure 5.D-8). The 25th percentile
value of water velocity (ft/s) for the NAA was 1.584 and 1.384 for the PA while the 75th
percentile value was 3.456 and 3.244 for the PA (Figure 5.D-8). The minimum value of water
velocity (ft/s) for the NAA was -0.801 and -0.793 for the PA while the maximum value was
4.907 and 4.603 for the PA (Figure 5.D-8).

In the month of January during wet water years, the median water velocity was predicted to be
16% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-8). Median water
velocity (ft/s) was 3.416 for the NAA and 2.884 for the PA (Figure 5.D-8). The 25th percentile
value of water velocity (ft/s) for the NAA was 2.058 and 1.668 for the PA while the 75th
percentile value was 4.399 and 3.822 for the PA (Figure 5.D-8). The minimum value of water
velocity (ft/s) for the NAA was -0.347 and -0.342 for the PA while the maximum value was
4.895 and 4.54 for the PA (Figure 5.D-8).

In the month of February during wet water years, the median water velocity was predicted to be
14% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-8). Median water
velocity (ft/s) was 4.052 for the NAA and 3.484 for the PA (Figure 5.D-8). The 25th percentile
value of water velocity (ft/s) for the NAA was 2.782 and 2.305 for the PA while the 75th
percentile value was 4.432 and 3.846 for the PA (Figure 5.D-8). The minimum value of water
velocity (ft/s) for the NAA was 0.044 and -0.089 for the PA while the maximum value was 4.899
and 4.57 for the PA (Figure 5.D-8).

In the month of March during wet water years, the median water velocity was predicted to be
17% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-8). Median water
velocity (ft/s) was 3.347 for the NAA and 2.775 for the PA (Figure 5.D-8). The 25th percentile
value of water velocity (ft/s) for the NAA was 2.131 and 1.602 for the PA while the 75th
percentile value was 4.22 and 3.641 for the PA (Figure 5.D-8). The minimum value of water
velocity (ft/s) for the NAA was 0.351 and 0 for the PA while the maximum value was 4.917 and
4.468 for the PA (Figure 5.D-8).

In the month of April during wet water years, the median water velocity was predicted to be 10%
higher for the NAA relative to the PA over the 82 water years (Figure 5.D-8). Median water
velocity (ft/s) was 2.305 for the NAA and 2.07 for the PA (Figure 5.D-8). The 25th percentile
value of water velocity (ft/s) for the NAA was 1.637 and 1.496 for the PA while the 75th
percentile value was 3.377 and 3.065 for the PA (Figure 5.D-8). The minimum value of water
velocity (ft/s) for the NAA was -0.643 and -0.65 for the PA while the maximum value was 4.89
and 4.457 for the PA (Figure 5.D-8).

In the month of May during wet water years, the median water velocity was predicted to be 12%
higher for the NAA relative to the PA over the 82 water years (Figure 5.D-8). Median water
velocity (ft/s) was 2.191 for the NAA and 1.939 for the PA (Figure 5.D-8). The 25th percentile
value of water velocity (ft/s) for the NAA was 1.429 and 1.309 for the PA while the 75th
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percentile value was 2.912 and 2.553 for the PA (Figure 5.D-8). The minimum value of water
velocity (ft/s) for the NAA was -0.557 and -0.613 for the PA while the maximum value was
4.303 and 4.06 for the PA (Figure 5.D-8).

In the month of June during wet water years, the median water velocity was predicted to be 24%
higher for the NAA relative to the PA over the 82 water years (Figure 5.D-8). Median water
velocity (ft/s) was 1.524 for the NAA and 1.162 for the PA (Figure 5.D-8). The 25th percentile
value of water velocity (ft/s) for the NAA was 1.038 and 0.71 for the PA while the 75th
percentile value was 2.066 and 1.523 for the PA (Figure 5.D-8). The minimum value of water
velocity (ft/s) for the NAA was -0.898 and -0.891 for the PA while the maximum value was
4.168 and 3.863 for the PA (Figure 5.D-8).

Above Normal Water Years

In the month of December during above normal water years, the median water velocity was
predicted to be 10% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-8). Median water velocity (ft/s) was 1.494 for the NAA and 1.351 for the PA (Figure 5.D-8).
The 25th percentile value of water velocity (ft/s) for the NAA was 1.069 and 0.923 for the PA
while the 75th percentile value was 2.022 and 1.825 for the PA (Figure 5.D-8). The minimum
value of water velocity (ft/s) for the NAA was -0.956 and -0.943 for the PA while the maximum
value was 4.911 and 4.646 for the PA (Figure 5.D-8).

In the month of January during above normal water years, the median water velocity was
predicted to be 18% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-8). Median water velocity (ft/s) was 2.473 for the NAA and 2.019 for the PA (Figure 5.D-8).
The 25th percentile value of water velocity (ft/s) for the NAA was 1.711 and 1.455 for the PA
while the 75th percentile value was 3.771 and 3.22 for the PA (Figure 5.D-8). The minimum
value of water velocity (ft/s) for the NAA was -0.143 and -0.167 for the PA while the maximum
value was 4.923 and 4.585 for the PA (Figure 5.D-8).

In the month of February during above normal water years, the median water velocity was
predicted to be 14% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-8). Median water velocity (ft/s) was 3.409 for the NAA and 2.918 for the PA (Figure 5.D-8).
The 25th percentile value of water velocity (ft/s) for the NAA was 1.998 and 1.466 for the PA
while the 75th percentile value was 4.177 and 3.628 for the PA (Figure 5.D-8). The minimum
value of water velocity (ft/s) for the NAA was -0.933 and -0.916 for the PA while the maximum
value was 4.892 and 4.549 for the PA (Figure 5.D-8).

In the month of March during above normal water years, the median water velocity was
predicted to be 17% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-8). Median water velocity (ft/s) was 2.7 for the NAA and 2.24 for the PA (Figure 5.D-8).
The 25th percentile value of water velocity (ft/s) for the NAA was 2.035 and 1.497 for the PA
while the 75th percentile value was 3.759 and 3.298 for the PA (Figure 5.D-8). The minimum
value of water velocity (ft/s) for the NAA was 0.168 and -0.056 for the PA while the maximum
value was 4.819 and 4.487 for the PA (Figure 5.D-8).

In the month of April during above normal water years, the median water velocity was predicted
to be 8% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-8). Median

Biological Assessment for the 5 D-80 July 2016
California WaterFix : ICF 00237.15



Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

water velocity (ft/s) was 1.752 for the NAA and 1.615 for the PA (Figure 5.D-8). The 25th
percentile value of water velocity (ft/s) for the NAA was 1.318 and 1.189 for the PA while the
75th percentile value was 2.258 and 2.156 for the PA (Figure 5.D-8). The minimum value of
water velocity (ft/s) for the NAA was -0.669 and -0.667 for the PA while the maximum value
was 4.54 and 4.16 for the PA (Figure 5.D-8).

In the month of May during above normal water years, the median water velocity was predicted
to be 9% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-8). Median
water velocity (ft/s) was 1.343 for the NAA and 1.225 for the PA (Figure 5.D-8). The 25th
percentile value of water velocity (ft/s) for the NAA was 0.9 and 0.716 for the PA while the 75th
percentile value was 1.674 and 1.568 for the PA (Figure 5.D-8). The minimum value of water
velocity (ft/s) for the NAA was -0.76 and -0.772 for the PA while the maximum value was 4.066
and 3.857 for the PA (Figure 5.D-8).

In the month of June during above normal water years, the median water velocity was predicted
to be 19% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-8). Median
water velocity (ft/s) was 1.206 for the NAA and 0.982 for the PA (Figure 5.D-8). The 25th
percentile value of water velocity (ft/s) for the NAA was 0.714 and 0.583 for the PA while the
75th percentile value was 1.515 and 1.281 for the PA (Figure 5.D-8). The minimum value of
water velocity (ft/s) for the NAA was -0.879 and -0.756 for the PA while the maximum value
was 2.628 and 2.093 for the PA (Figure 5.D-8).

Below Normal Water Years

In the month of December during below normal water years, the median water velocity was
predicted to be 11% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-8). Median water velocity (ft/s) was 1.365 for the NAA and 1.219 for the PA (Figure 5.D-8).
The 25th percentile value of water velocity (ft/s) for the NAA was 0.921 and 0.744 for the PA
while the 75th percentile value was 1.68 and 1.522 for the PA (Figure 5.D-8). The minimum
value of water velocity (ft/s) for the NAA was -1.051 and -1.041 for the PA while the maximum
value was 2.782 and 2.641 for the PA (Figure 5.D-8).

In the month of January during below normal water years, the median water velocity was
predicted to be 8% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-8).
Median water velocity (ft/s) was 1.432 for the NAA and 1.312 for the PA (Figure 5.D-8). The
25th percentile value of water velocity (ft/s) for the NAA was 1.032 and 0.886 for the PA while
the 75th percentile value was 1.905 and 1.693 for the PA (Figure 5.D-8). The minimum value of
water velocity (ft/s) for the NAA was -0.857 and -0.763 for the PA while the maximum value
was 3.178 and 2.871 for the PA (Figure 5.D-8).

In the month of February during below normal water years, the median water velocity was
predicted to be 12% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-8). Median water velocity (ft/s) was 1.744 for the NAA and 1.538 for the PA (Figure 5.D-8).
The 25th percentile value of water velocity (ft/s) for the NAA was 1.269 and 1.075 for the PA
while the 75th percentile value was 3.16 and 2.581 for the PA (Figure 5.D-8). The minimum
value of water velocity (ft/s) for the NAA was -0.854 and -0.848 for the PA while the maximum
value was 4.794 and 4.197 for the PA (Figure 5.D-8).
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In the month of March during below normal water years, the median water velocity was
predicted to be 15% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-8). Median water velocity (ft/s) was 1.508 for the NAA and 1.279 for the PA (Figure 5.D-8).
The 25th percentile value of water velocity (ft/s) for the NAA was 1.128 and 0.852 for the PA
while the 75th percentile value was 1.915 and 1.566 for the PA (Figure 5.D-8). The minimum
value of water velocity (ft/s) for the NAA was -0.454 and -0.487 for the PA while the maximum
value was 4.294 and 3.787 for the PA (Figure 5.D-8).

In the month of May during below normal water years, the median water velocity was predicted
to be 5% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-8). Median
water velocity (ft/s) was 1.14 for the NAA and 1.081 for the PA (Figure 5.D-8). The 25th
percentile value of water velocity (ft/s) for the NAA was 0.578 and 0.528 for the PA while the
75th percentile value was 1.422 and 1.38 for the PA (Figure 5.D-8). The minimum value of
water velocity (ft/s) for the NAA was -0.612 and -0.613 for the PA while the maximum value
was 2.691 and 2.561 for the PA (Figure 5.D-8).

In the month of June during below normal water years, the median water velocity was predicted
to be 12% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-8). Median
water velocity (ft/s) was 1.157 for the NAA and 1.017 for the PA (Figure 5.D-8). The 25th
percentile value of water velocity (ft/s) for the NAA was 0.654 and 0.626 for the PA while the
75th percentile value was 1.469 and 1.339 for the PA (Figure 5.D-8). The minimum value of
water velocity (ft/s) for the NAA was -0.598 and -0.595 for the PA while the maximum value
was 2.158 and 1.925 for the PA (Figure 5.D-8).

Dry Water Years

In the month of December during dry water years, the median water velocity was predicted to be
7% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-8). Median water
velocity (ft/s) was 1.222 for the NAA and 1.131 for the PA (Figure 5.D-8). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.735 and 0.611 for the PA while the 75th
percentile value was 1.528 and 1.432 for the PA (Figure 5.D-8). The minimum value of water
velocity (ft/s) for the NAA was -1.099 and -1.083 for the PA while the maximum value was
2.765 and 2.743 for the PA (Figure 5.D-8).

In the month of January during dry water years, the median water velocity was predicted to be
9% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-8). Median water
velocity (ft/s) was 1.349 for the NAA and 1.227 for the PA (Figure 5.D-8). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.898 and 0.768 for the PA while the 75th
percentile value was 1.704 and 1.551 for the PA (Figure 5.D-8). The minimum value of water
velocity (ft/s) for the NAA was -0.733 and -0.738 for the PA while the maximum value was
4.331 and 3.69 for the PA (Figure 5.D-8).

In the month of February during dry water years, the median water velocity was predicted to be
11% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-8). Median water
velocity (ft/s) was 1.594 for the NAA and 1.411 for the PA (Figure 5.D-8). The 25th percentile
value of water velocity (ft/s) for the NAA was 1.183 and 0.979 for the PA while the 75th
percentile value was 2.122 and 1.821 for the PA (Figure 5.D-8). The minimum value of water
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velocity (ft/s) for the NAA was -0.64 and -0.611 for the PA while the maximum value was 4.58
and 4.002 for the PA (Figure 5.D-8).

In the month of March during dry water years, the median water velocity was predicted to be
17% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-8). Median water
velocity (ft/s) was 1.623 for the NAA and 1.353 for the PA (Figure 5.D-8). The 25th percentile
value of water velocity (ft/s) for the NAA was 1.218 and 0.94 for the PA while the 75th
percentile value was 2.074 and 1.67 for the PA (Figure 5.D-8). The minimum value of water
velocity (ft/s) for the NAA was -0.547 and -0.551 for the PA while the maximum value was
4.436 and 3.852 for the PA (Figure 5.D-8).

In the month of May during dry water years, the median water velocity was predicted to be 5%
higher for the NAA relative to the PA over the 82 water years (Figure 5.D-8). Median water
velocity (ft/s) was 1.096 for the NAA and 1.041 for the PA (Figure 5.D-8). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.573 and 0.538 for the PA while the 75th
percentile value was 1.378 and 1.349 for the PA (Figure 5.D-8). The minimum value of water
velocity (ft/s) for the NAA was -0.851 and -0.847 for the PA while the maximum value was
4.361 and 4.095 for the PA (Figure 5.D-8).

In the month of June during dry water years, the median water velocity was predicted to be 14%
higher for the NAA relative to the PA over the 82 water years (Figure 5.D-8). Median water
velocity (ft/s) was 1.149 for the NAA and 0.992 for the PA (Figure 5.D-8). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.648 and 0.576 for the PA while the 75th
percentile value was 1.465 and 1.327 for the PA (Figure 5.D-8). The minimum value of water
velocity (ft/s) for the NAA was -0.667 and -0.645 for the PA while the maximum value was 2.12
and 1.865 for the PA (Figure 5.D-8).

Critical Water Years

In the month of December during critical water years, the median water velocity was predicted to
be 8% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-8). Median
water velocity (ft/s) was 1.081 for the NAA and 0.993 for the PA (Figure 5.D-8). The 25th
percentile value of water velocity (ft/s) for the NAA was 0.445 and 0.35 for the PA while the
75th percentile value was 1.393 and 1.313 for the PA (Figure 5.D-8). The minimum value of
water velocity (ft/s) for the NAA was -1.029 and -1.018 for the PA while the maximum value
was 2.372 and 2.307 for the PA (Figure 5.D-8).

In the month of January during critical water years, the median water velocity was predicted to
be 7% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-8). Median
water velocity (ft/s) was 1.245 for the NAA and 1.163 for the PA (Figure 5.D-8). The 25th
percentile value of water velocity (ft/s) for the NAA was 0.762 and 0.679 for the PA while the
75th percentile value was 1.554 and 1.453 for the PA (Figure 5.D-8). The minimum value of
water velocity (ft/s) for the NAA was -0.921 and -0.637 for the PA while the maximum value
was 2.625 and 2.381 for the PA (Figure 5.D-8).

In the month of February during critical water years, the median water velocity was predicted to
be 11% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-8). Median
water velocity (ft/s) was 1.333 for the NAA and 1.182 for the PA (Figure 5.D-8). The 25th
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percentile value of water velocity (ft/s) for the NAA was 0.922 and 0.717 for the PA while the
75th percentile value was 1.623 and 1.49 for the PA (Figure 5.D-8). The minimum value of
water velocity (ft/s) for the NAA was -0.646 and -0.732 for the PA while the maximum value
was 3.442 and 3.312 for the PA (Figure 5.D-8).

In the month of March during critical water years, the median water velocity was predicted to be
7% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-8). Median water
velocity (ft/s) was 1.134 for the NAA and 1.059 for the PA (Figure 5.D-8). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.601 and 0.485 for the PA while the 75th
percentile value was 1.401 and 1.354 for the PA (Figure 5.D-8). The minimum value of water
velocity (ft/s) for the NAA was -0.812 and -0.721 for the PA while the maximum value was
3.395 and 2.839 for the PA (Figure 5.D-8).

In the month of May during critical water years, the median water velocity was predicted to be
8% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-8). Median water
velocity (ft/s) was 0.885 for the NAA and 0.814 for the PA (Figure 5.D-8). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.186 and 0.155 for the PA while the 75th
percentile value was 1.207 and 1.186 for the PA (Figure 5.D-8). The minimum value of water
velocity (ft/s) for the NAA was -0.991 and -0.969 for the PA while the maximum value was
1.977 and 1.932 for the PA (Figure 5.D-8).

In the month of June during critical water years, the median water velocity was predicted to be
11% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-8). Median water
velocity (ft/s) was 0.928 for the NAA and 0.826 for the PA (Figure 5.D-8). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.307 and 0.286 for the PA while the 75th
percentile value was 1.296 and 1.257 for the PA (Figure 5.D-8). The minimum value of water
velocity (ft/s) for the NAA was -1.031 and -1.007 for the PA while the maximum value was
1.765 and 1.756 for the PA (Figure 5.D-8).
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Figure 5.D-8. Velocity of flow entering the interior delta at channel 418, the Sacramento River downstream of
proposed diversions, during the 82-year CALSIM period. Comparisons between the NAA (NAA) and the PA
(PA) were performed for the months of October through June. Plus symbol indicates median, box represents
the interquartile range, and the whiskers represent the minimum and maximum values.
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5.D0.1.2.1.2.1.1.9  Channel 421, Sacramento River upstream of Georgiana Slough

Wet Water Year

In the month of December during wet water years, the median water velocity was predicted to be
10% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-9). Median water
velocity (ft/s) was 1.858 for the NAA and 1.672 for the PA (Figure 5.D-9). The 25th percentile
value of water velocity (ft/s) for the NAA was 1.346 and 1.206 for the PA while the 75th
percentile value was 2.777 and 2.693 for the PA (Figure 5.D-9). The minimum value of water
velocity (ft/s) for the NAA was -0.682 and -0.697 for the PA while the maximum value was
3.869 and 3.854 for the PA (Figure 5.D-9).

In the month of January during wet water years, the median water velocity was predicted to be
11% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-9). Median water
velocity (ft/s) was 2.737 for the NAA and 2.445 for the PA (Figure 5.D-9). The 25th percentile
value of water velocity (ft/s) for the NAA was 1.709 and 1.46 for the PA while the 75th
percentile value was 3.434 and 3.172 for the PA (Figure 5.D-9). The minimum value of water
velocity (ft/s) for the NAA was -0.202 and -0.21 for the PA while the maximum value was 3.863
and 3.807 for the PA (Figure 5.D-9).

In the month of February during wet water years, the median water velocity was predicted to be
9% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-9). Median water
velocity (ft/s) was 3.191 for the NAA and 2.903 for the PA (Figure 5.D-9). The 25th percentile
value of water velocity (ft/s) for the NAA was 2.268 and 1.953 for the PA while the 75th
percentile value was 3.457 and 3.194 for the PA (Figure 5.D-9). The minimum value of water
velocity (ft/s) for the NAA was 0.026 and -0.302 for the PA while the maximum value was 3.847
and 3.789 for the PA (Figure 5.D-9).

In the month of March during wet water years, the median water velocity was predicted to be
13% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-9). Median water
velocity (ft/s) was 2.679 for the NAA and 2.337 for the PA (Figure 5.D-9). The 25th percentile
value of water velocity (ft/s) for the NAA was 1.771 and 1.393 for the PA while the 75th
percentile value was 3.326 and 3.047 for the PA (Figure 5.D-9). The minimum value of water
velocity (ft/s) for the NAA was 0.207 and -0.156 for the PA while the maximum value was 3.862
and 3.695 for the PA (Figure 5.D-9).

In the month of April during wet water years, the median water velocity was predicted to be 7%
higher for the NAA relative to the PA over the 82 water years (Figure 5.D-9). Median water
velocity (ft/s) was 1.897 for the NAA and 1.773 for the PA (Figure 5.D-9). The 25th percentile
value of water velocity (ft/s) for the NAA was 1.38 and 1.292 for the PA while the 75th
percentile value was 2.711 and 2.58 for the PA (Figure 5.D-9). The minimum value of water
velocity (ft/s) for the NAA was -0.527 and -0.554 for the PA while the maximum value was
3.798 and 3.716 for the PA (Figure 5.D-9).

In the month of May during wet water years, the median water velocity was predicted to be 8%
higher for the NAA relative to the PA over the 82 water years (Figure 5.D-9). Median water
velocity (ft/s) was 1.786 for the NAA and 1.637 for the PA (Figure 5.D-9). The 25th percentile
value of water velocity (ft/s) for the NAA was 1.217 and 1.129 for the PA while the 75th
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percentile value was 2.363 and 2.159 for the PA (Figure 5.D-9). The minimum value of water
velocity (ft/s) for the NAA was -0.442 and -0.567 for the PA while the maximum value was
3.473 and 3.456 for the PA (Figure 5.D-9).

In the month of June during wet water years, the median water velocity was predicted to be 21%
higher for the NAA relative to the PA over the 82 water years (Figure 5.D-9). Median water
velocity (ft/s) was 1.407 for the NAA and 1.115 for the PA (Figure 5.D-9). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.928 and 0.699 for the PA while the 75th
percentile value was 1.808 and 1.472 for the PA (Figure 5.D-9). The minimum value of water
velocity (ft/s) for the NAA was -0.814 and -0.843 for the PA while the maximum value was
3.341 and 3.149 for the PA (Figure 5.D-9).

Above Normal Water Years

In the month of December during above normal water years, the median water velocity was
predicted to be 6% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-9).
Median water velocity (ft/s) was 1.322 for the NAA and 1.241 for the PA (Figure 5.D-9). The
25th percentile value of water velocity (ft/s) for the NAA was 0.895 and 0.781 for the PA while
the 75th percentile value was 1.744 and 1.645 for the PA (Figure 5.D-9). The minimum value of
water velocity (ft/s) for the NAA was -0.834 and -0.856 for the PA while the maximum value
was 3.861 and 3.849 for the PA (Figure 5.D-9).

In the month of January during above normal water years, the median water velocity was
predicted to be 13% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-9). Median water velocity (ft/s) was 2.031 for the NAA and 1.773 for the PA (Figure 5.D-9).
The 25th percentile value of water velocity (ft/s) for the NAA was 1.427 and 1.258 for the PA
while the 75th percentile value was 3.012 and 2.699 for the PA (Figure 5.D-9). The minimum
value of water velocity (ft/s) for the NAA was -0.088 and -0.251 for the PA while the maximum
value was 3.864 and 3.809 for the PA (Figure 5.D-9).

In the month of February during above normal water years, the median water velocity was
predicted to be 10% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-9). Median water velocity (ft/s) was 2.736 for the NAA and 2.467 for the PA (Figure 5.D-9).
The 25th percentile value of water velocity (ft/s) for the NAA was 1.644 and 1.306 for the PA
while the 75th percentile value was 3.281 and 3.029 for the PA (Figure 5.D-9). The minimum
value of water velocity (ft/s) for the NAA was -0.745 and -0.758 for the PA while the maximum
value was 3.843 and 3.756 for the PA (Figure 5.D-9).

In the month of March during above normal water years, the median water velocity was
predicted to be 13% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-9). Median water velocity (ft/s) was 2.21 for the NAA and 1.921 for the PA (Figure 5.D-9).
The 25th percentile value of water velocity (ft/s) for the NAA was 1.67 and 1.303 for the PA
while the 75th percentile value was 3.009 and 2.772 for the PA (Figure 5.D-9). The minimum
value of water velocity (ft/s) for the NAA was 0.114 and -0.246 for the PA while the maximum
value was 3.795 and 3.722 for the PA (Figure 5.D-9).

In the month of May during above normal water years, the median water velocity was predicted
to be 7% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-9). Median

Biological Assessment for the 5D-87 July 2016
California WaterFix : ICF 00237.15



Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

water velocity (ft/s) was 1.154 for the NAA and 1.074 for the PA (Figure 5.D-9). The 25th
percentile value of water velocity (ft/s) for the NAA was 0.709 and 0.604 for the PA while the
75th percentile value was 1.463 and 1.412 for the PA (Figure 5.D-9). The minimum value of
water velocity (ft/s) for the NAA was -0.622 and -0.701 for the PA while the maximum value
was 3.318 and 3.312 for the PA (Figure 5.D-9).

In the month of June during above normal water years, the median water velocity was predicted
to be 14% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-9). Median
water velocity (ft/s) was 1.114 for the NAA and 0.955 for the PA (Figure 5.D-9). The 25th
percentile value of water velocity (ft/s) for the NAA was 0.685 and 0.606 for the PA while the
75th percentile value was 1.461 and 1.269 for the PA (Figure 5.D-9). The minimum value of
water velocity (ft/s) for the NAA was -0.774 and -0.663 for the PA while the maximum value
was 2.265 and 2.137 for the PA (Figure 5.D-9).

Below Normal Water Years

In the month of December during below normal water years, the median water velocity was
predicted to be 7% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-9).
Median water velocity (ft/s) was 1.194 for the NAA and 1.113 for the PA (Figure 5.D-9). The
25th percentile value of water velocity (ft/s) for the NAA was 0.762 and 0.64 for the PA while
the 75th percentile value was 1.501 and 1.421 for the PA (Figure 5.D-9). The minimum value of
water velocity (ft/s) for the NAA was -0.991 and -1.012 for the PA while the maximum value
was 2.377 and 2.363 for the PA (Figure 5.D-9).

In the month of January during below normal water years, the median water velocity was
predicted to be 7% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-9).
Median water velocity (ft/s) was 1.251 for the NAA and 1.167 for the PA (Figure 5.D-9). The
25th percentile value of water velocity (ft/s) for the NAA was 0.834 and 0.718 for the PA while
the 75th percentile value was 1.611 and 1.504 for the PA (Figure 5.D-9). The minimum value of
water velocity (ft/s) for the NAA was -0.675 and -0.622 for the PA while the maximum value
was 2.674 and 2.51 for the PA (Figure 5.D-9).

In the month of February during below normal water years, the median water velocity was
predicted to be 8% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-9).
Median water velocity (ft/s) was 1.501 for the NAA and 1.374 for the PA (Figure 5.D-9). The
25th percentile value of water velocity (ft/s) for the NAA was 1.064 and 0.918 for the PA while
the 75th percentile value was 2.547 and 2.181 for the PA (Figure 5.D-9). The minimum value of
water velocity (ft/s) for the NAA was -0.73 and -0.751 for the PA while the maximum value was
3.792 and 3.549 for the PA (Figure 5.D-9).

In the month of March during below normal water years, the median water velocity was
predicted to be 12% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-9). Median water velocity (ft/s) was 1.295 for the NAA and 1.139 for the PA (Figure 5.D-9).
The 25th percentile value of water velocity (ft/s) for the NAA was 0.934 and 0.699 for the PA
while the 75th percentile value was 1.606 and 1.417 for the PA (Figure 5.D-9). The minimum
value of water velocity (ft/s) for the NAA was -0.338 and -0.395 for the PA while the maximum
value was 3.446 and 3.234 for the PA (Figure 5.D-9).
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In the month of June during below normal water years, the median water velocity was predicted
to be 8% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-9). Median
water velocity (ft/s) was 1.067 for the NAA and 0.98 for the PA (Figure 5.D-9). The 25th
percentile value of water velocity (ft/s) for the NAA was 0.637 and 0.643 for the PA while the
75th percentile value was 1.414 and 1.324 for the PA (Figure 5.D-9). The minimum value of
water velocity (ft/s) for the NAA was -0.489 and -0.487 for the PA while the maximum value
was 2.109 and 2.023 for the PA (Figure 5.D-9).

Dry Water Years

In the month of January during dry water years, the median water velocity was predicted to be
6% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-9). Median water
velocity (ft/s) was 1.173 for the NAA and 1.099 for the PA (Figure 5.D-9). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.721 and 0.622 for the PA while the 75th
percentile value was 1.487 and 1.41 for the PA (Figure 5.D-9). The minimum value of water
velocity (ft/s) for the NAA was -0.566 and -0.598 for the PA while the maximum value was 3.48
and 3.171 for the PA (Figure 5.D-9).

In the month of February during dry water years, the median water velocity was predicted to be
8% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-9). Median water
velocity (ft/s) was 1.372 for the NAA and 1.263 for the PA (Figure 5.D-9). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.978 and 0.817 for the PA while the 75th
percentile value was 1.787 and 1.619 for the PA (Figure 5.D-9). The minimum value of water
velocity (ft/s) for the NAA was -0.497 and -0.49 for the PA while the maximum value was 3.664
and 3.421 for the PA (Figure 5.D-9).

In the month of March during dry water years, the median water velocity was predicted to be
13% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-9). Median water
velocity (ft/s) was 1.381 for the NAA and 1.198 for the PA (Figure 5.D-9). The 25th percentile
value of water velocity (ft/s) for the NAA was 1.009 and 0.772 for the PA while the 75th
percentile value was 1.742 and 1.497 for the PA (Figure 5.D-9). The minimum value of water
velocity (ft/s) for the NAA was -0.427 and -0.46 for the PA while the maximum value was 3.562
and 3.302 for the PA (Figure 5.D-9).

In the month of June during dry water years, the median water velocity was predicted to be 10%
higher for the NAA relative to the PA over the 82 water years (Figure 5.D-9). Median water
velocity (ft/s) was 1.058 for the NAA and 0.955 for the PA (Figure 5.D-9). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.639 and 0.602 for the PA while the 75th
percentile value was 1.415 and 1.314 for the PA (Figure 5.D-9). The minimum value of water
velocity (ft/s) for the NAA was -0.551 and -0.596 for the PA while the maximum value was
2.136 and 1.914 for the PA (Figure 5.D-9).

Critical Water Years

In the month of December during critical water years, the median water velocity was predicted to
be 6% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-9). Median
water velocity (ft/s) was 0.956 for the NAA and 0.902 for the PA (Figure 5.D-9). The 25th
percentile value of water velocity (ft/s) for the NAA was 0.373 and 0.302 for the PA while the
75th percentile value was 1.296 and 1.256 for the PA (Figure 5.D-9). The minimum value of
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water velocity (ft/s) for the NAA was -0.959 and -0.976 for the PA while the maximum value
was 2.079 and 2.031 for the PA (Figure 5.D-9).

In the month of February during critical water years, the median water velocity was predicted to
be 8% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-9). Median
water velocity (ft/s) was 1.147 for the NAA and 1.053 for the PA (Figure 5.D-9). The 25th
percentile value of water velocity (ft/s) for the NAA was 0.723 and 0.567 for the PA while the
75th percentile value was 1.425 and 1.359 for the PA (Figure 5.D-9). The minimum value of
water velocity (ft/s) for the NAA was -0.508 and -0.591 for the PA while the maximum value
was 2.859 and 2.878 for the PA (Figure 5.D-9).
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Figure 5.D-9. Velocity of flow entering the interior delta at channel 421, the Sacramento River upstream of
Georgiana Slough, during the 82-year CALSIM period. Comparisons between the NAA (NAA) and the PA
(PA) were performed for the months of October through June. Plus symbol indicates median, box represents
the interquartile range, and the whiskers represent the minimum and maximum values.
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5.D0.1.2.1.2.1.1.10 Channel 423, Sacramento River downstream of Georgiana Slough

Wet Water Years

In the month of December during wet water years, the median water velocity was predicted to be
8% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-10). Median water
velocity (ft/s) was 1.713 for the NAA and 1.578 for the PA (Figure 5.D-10). The 25th percentile
value of water velocity (ft/s) for the NAA was 1.169 and 1.025 for the PA while the 75th
percentile value was 2.515 and 2.403 for the PA (Figure 5.D-10). The minimum value of water
velocity (ft/s) for the NAA was -1.334 and -1.341 for the PA while the maximum value was
3.543 and 3.521 for the PA (Figure 5.D-10).

In the month of January during wet water years, the median water velocity was predicted to be
10% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-10). Median
water velocity (ft/s) was 2.467 for the NAA and 2.211 for the PA (Figure 5.D-10). The 25th
percentile value of water velocity (ft/s) for the NAA was 1.564 and 1.382 for the PA while the
75th percentile value was 3.096 and 2.858 for the PA (Figure 5.D-10). The minimum value of
water velocity (ft/s) for the NAA was -0.931 and -0.954 for the PA while the maximum value
was 3.544 and 3.473 for the PA (Figure 5.D-10).

In the month of February during wet water years, the median water velocity was predicted to be
9% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-10). Median water
velocity (ft/s) was 2.857 for the NAA and 2.593 for the PA (Figure 5.D-10). The 25th percentile
value of water velocity (ft/s) for the NAA was 2.061 and 1.774 for the PA while the 75th
percentile value was 3.13 and 2.893 for the PA (Figure 5.D-10). The minimum value of water
velocity (ft/s) for the NAA was -0.786 and -1.074 for the PA while the maximum value was 3.53
and 3.458 for the PA (Figure 5.D-10).

In the month of March during wet water years, the median water velocity was predicted to be
12% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-10). Median
water velocity (ft/s) was 2.429 for the NAA and 2.129 for the PA (Figure 5.D-10). The 25th
percentile value of water velocity (ft/s) for the NAA was 1.629 and 1.328 for the PA while the
75th percentile value was 3.024 and 2.774 for the PA (Figure 5.D-10). The minimum value of
water velocity (ft/s) for the NAA was -0.575 and -0.918 for the PA while the maximum value
was 3.528 and 3.358 for the PA (Figure 5.D-10).

In the month of May during wet water years, the median water velocity was predicted to be 6%
higher for the NAA relative to the PA over the 82 water years (Figure 5.D-10). Median water
velocity (ft/s) was 1.623 for the NAA and 1.522 for the PA (Figure 5.D-10). The 25th percentile
value of water velocity (ft/s) for the NAA was 1.119 and 1.016 for the PA while the 75th
percentile value was 2.174 and 1.998 for the PA (Figure 5.D-10). The minimum value of water
velocity (ft/s) for the NAA was -1.072 and -1.227 for the PA while the maximum value was
3.202 and 3.178 for the PA (Figure 5.D-10).

In the month of June during wet water years, the median water velocity was predicted to be 15%
higher for the NAA relative to the PA over the 82 water years (Figure 5.D-10). Median water
velocity (ft/s) was 1.147 for the NAA and 0.975 for the PA (Figure 5.D-10). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.23 and -0.184 for the PA while the 75th
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percentile value was 1.532 and 1.314 for the PA (Figure 5.D-10). The minimum value of water
velocity (ft/s) for the NAA was -1.313 and -1.344 for the PA while the maximum value was
3.065 and 2.84 for the PA (Figure 5.D-10).

Above Normal Water Years

In the month of December during above normal water years, the median water velocity was
predicted to be 5% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-10). Median water velocity (ft/s) was 1.229 for the NAA and 1.161 for the PA (Figure
5.D-10). The 25th percentile value of water velocity (ft/s) for the NAA was 0.52 and 0.366 for
the PA while the 75th percentile value was 1.652 and 1.591 for the PA (Figure 5.D-10). The
minimum value of water velocity (ft/s) for the NAA was -1.312 and -1.318 for the PA while the
maximum value was 3.534 and 3.537 for the PA (Figure 5.D-10Figure 5.D-10).

In the month of January during above normal water years, the median water velocity was
predicted to be 10% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-10). Median water velocity (ft/s) was 1.857 for the NAA and 1.68 for the PA (Figure
5.D-10). The 25th percentile value of water velocity (ft/s) for the NAA was 1.296 and 1.12 for
the PA while the 75th percentile value was 2.701 and 2.406 for the PA (Figure 5.D-10). The
minimum value of water velocity (ft/s) for the NAA was -0.859 and -0.993 for the PA while the
maximum value was 3.554 and 3.457 for the PA (Figure 5.D-10).

In the month of February during above normal water years, the median water velocity was
predicted to be 11% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-10). Median water velocity (ft/s) was 2.463 for the NAA and 2.205 for the PA (Figure
5.D-10). The 25th percentile value of water velocity (ft/s) for the NAA was 1.504 and 1.273 for
the PA while the 75th percentile value was 2.973 and 2.75 for the PA (Figure 5.D-10). The
minimum value of water velocity (ft/s) for the NAA was -1.218 and -1.227 for the PA while the
maximum value was 3.501 and 3.419 for the PA (Figure 5.D-10).

In the month of March during above normal water years, the median water velocity was
predicted to be 12% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-10). Median water velocity (ft/s) was 2.015 for the NAA and 1.764 for the PA (Figure
5.D-10). The 25th percentile value of water velocity (ft/s) for the NAA was 1.504 and 1.206 for
the PA while the 75th percentile value was 2.711 and 2.501 for the PA (Figure 5.D-10). The
minimum value of water velocity (ft/s) for the NAA was -0.64 and -0.988 for the PA while the
maximum value was 3.449 and 3.38 for the PA (Figure 5.D-10).

In the month of June during above normal water years, the median water velocity was predicted
to be 10% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-10).
Median water velocity (ft/s) was 0.824 for the NAA and 0.739 for the PA (Figure 5.D-10). The
25th percentile value of water velocity (ft/s) for the NAA was -0.32 and -0.418 for the PA while
the 75th percentile value was 1.25 and 1.176 for the PA (Figure 5.D-10). The minimum value of
water velocity (ft/s) for the NAA was -1.269 and -1.321 for the PA while the maximum value
was 2.144 and 1.741 for the PA (Figure 5.D-10).
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Below Normal Water Years

In the month of December during below normal water years, the median water velocity was
predicted to be 7% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-10). Median water velocity (ft/s) was 1.063 for the NAA and 0.993 for the PA (Figure
5.D-10). The 25th percentile value of water velocity (ft/s) for the NAA was 0.255 and 0.078 for
the PA while the 75th percentile value was 1.428 and 1.361 for the PA (Figure 5.D-10). The
minimum value of water velocity (ft/s) for the NAA was -1.359 and -1.361 for the PA while the
maximum value was 2.225 and 2.252 for the PA (Figure 5.D-10).

In the month of January during below normal water years, the median water velocity was
predicted to be 6% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-10). Median water velocity (ft/s) was 1.199 for the NAA and 1.121 for the PA (Figure
5.D-10). The 25th percentile value of water velocity (ft/s) for the NAA was 0.524 and 0.378 for
the PA while the 75th percentile value was 1.554 and 1.489 for the PA (Figure 5.D-10). The
minimum value of water velocity (ft/s) for the NAA was -1.295 and -1.252 for the PA while the
maximum value was 2.503 and 2.362 for the PA (Figure 5.D-10).

In the month of February during below normal water years, the median water velocity was
predicted to be 7% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-10). Median water velocity (ft/s) was 1.458 for the NAA and 1.359 for the PA (Figure
5.D-10). The 25th percentile value of water velocity (ft/s) for the NAA was 0.869 and 0.701 for
the PA while the 75th percentile value was 2.28 and 1.996 for the PA (Figure 5.D-10). The
minimum value of water velocity (ft/s) for the NAA was -1.184 and -1.188 for the PA while the
maximum value was 3.494 and 3.283 for the PA (Figure 5.D-10).

In the month of March during below normal water years, the median water velocity was
predicted to be 12% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-10). Median water velocity (ft/s) was 1.235 for the NAA and 1.091 for the PA (Figure
5.D-10). The 25th percentile value of water velocity (ft/s) for the NAA was 0.632 and 0.344 for
the PA while the 75th percentile value was 1.54 and 1.429 for the PA (Figure 5.D-10). The
minimum value of water velocity (ft/s) for the NAA was -0.943 and -1.087 for the PA while the
maximum value was 3.172 and 2.98 for the PA (Figure 5.D-10).

Dry Water Years

In the month of January during dry water years, the median water velocity was predicted to be
6% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-10). Median water
velocity (ft/s) was 1.12 for the NAA and 1.055 for the PA (Figure 5.D-10). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.379 and 0.237 for the PA while the 75th
percentile value was 1.484 and 1.436 for the PA (Figure 5.D-10). The minimum value of water
velocity (ft/s) for the NAA was -1.164 and -1.175 for the PA while the maximum value was
3.202 and 2.93 for the PA (Figure 5.D-10).

In the month of February during dry water years, the median water velocity was predicted to be
8% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-10). Median water
velocity (ft/s) was 1.328 for the NAA and 1.228 for the PA (Figure 5.D-10). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.717 and 0.517 for the PA while the 75th
percentile value was 1.701 and 1.59 for the PA (Figure 5.D-10). The minimum value of water
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velocity (ft/s) for the NAA was -1.027 and -1.025 for the PA while the maximum value was
3.353 and 3.133 for the PA (Figure 5.D-10).

In the month of March during dry water years, the median water velocity was predicted to be
12% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-10). Median
water velocity (ft/s) was 1.313 for the NAA and 1.15 for the PA (Figure 5.D-10). The 25th
percentile value of water velocity (ft/s) for the NAA was 0.747 and 0.437 for the PA while the
75th percentile value was 1.646 and 1.49 for the PA (Figure 5.D-10). The minimum value of
water velocity (ft/s) for the NAA was -0.944 and -1.051 for the PA while the maximum value
was 3.274 and 3.043 for the PA (Figure 5.D-10).

Critical Water Years

In the month of December during critical water years, the median water velocity was predicted to
be 6% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-10). Median
water velocity (ft/s) was 0.829 for the NAA and 0.784 for the PA (Figure 5.D-10). The 25th
percentile value of water velocity (ft/s) for the NAA was -0.233 and -0.298 for the PA while the
75th percentile value was 1.273 and 1.237 for the PA (Figure 5.D-10). The minimum value of
water velocity (ft/s) for the NAA was -1.355 and -1.365 for the PA while the maximum value
was 1.99 and 1.993 for the PA (Figure 5.D-10).

In the month of February during critical water years, the median water velocity was predicted to
be 9% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-10). Median
water velocity (ft/s) was 1.095 for the NAA and 0.999 for the PA (Figure 5.D-10). The 25th
percentile value of water velocity (ft/s) for the NAA was 0.357 and 0.166 for the PA while the
75th percentile value was 1.444 and 1.398 for the PA (Figure 5.D-10). The minimum value of
water velocity (ft/s) for the NAA was -1.068 and -1.144 for the PA while the maximum value
was 2.688 and 2.704 for the PA (Figure 5.D-10).

In the month of March during critical water years, the median water velocity was predicted to be
7% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-10). Median water
velocity (ft/s) was 0.945 for the NAA and 0.883 for the PA (Figure 5.D-10). The 25th percentile
value of water velocity (ft/s) for the NAA was 0.002 and -0.062 for the PA while the 75th
percentile value was 1.332 and 1.33 for the PA (Figure 5.D-10). The minimum value of water
velocity (ft/s) for the NAA was -1.237 and -1.206 for the PA while the maximum value was
2.628 and 2.352 for the PA (Figure 5.D-10).
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Figure 5.D-10. Velocity of flow entering the interior delta at channel 423, the Sacramento River downstream

of Georgiana Slough, during the 82-year CALSIM period. Comparisons between the NAA (NAA) and the PA
(PA) were performed for the months of October through June. Plus symbol indicates median, box represents
the interquartile range, and the whiskers represent the minimum and maximum values.
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5.D0.1.2.1.21.2 Negative Velocity
5.D.1.2.1.2.1.2.1  Channel 21, San Joaquin River downstream of the head of Old River

Wet Water Years

In the month of January during wet water years, the median negative water velocity was
predicted to be 21% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-11). Median negative water velocity (ft/s) was -0.246 for the NAA and -0.194 for the PA
(Figure 5.D-11). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.351 and -0.301 for the PA while the 75th percentile value was -0.132 and -0.099 for the PA
(Figure 5.D-11). The minimum value of negative water velocity (ft/s) for the NAA was -0.625
and -0.603 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-11).

In the month of February during wet water years, the median negative water velocity was
predicted to be 27% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-11). Median negative water velocity (ft/s) was -0.182 for the NAA and -0.133 for the PA
(Figure 5.D-11). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.282 and -0.216 for the PA while the 75th percentile value was -0.086 and -0.066 for the PA
(Figure 5.D-11). The minimum value of negative water velocity (ft/s) for the NAA was -0.612
and -0.559 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-11).

In the month of March during wet water years, the median negative water velocity was predicted
to be 27% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-11). Median
negative water velocity (ft/s) was -0.166 for the NAA and -0.121 for the PA (Figure 5.D-11).
The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.264 and -0.216 for
the PA while the 75th percentile value was -0.081 and -0.055 for the PA (Figure 5.D-11). The
minimum value of negative water velocity (ft/s) for the NAA was -0.644 and -0.594 for the PA
while the maximum value was 0 and 0 for the PA (Figure 5.D-11).

In the month of April during wet water years, the median negative water velocity was predicted
to be 33% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-11). Median
negative water velocity (ft/s) was -0.154 for the NAA and -0.104 for the PA (Figure 5.D-11).
The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.244 and -0.184 for
the PA while the 75th percentile value was -0.079 and -0.048 for the PA (Figure 5.D-11). The
minimum value of negative water velocity (ft/s) for the NAA was -0.543 and -0.462 for the PA
while the maximum value was 0 and O for the PA (Figure 5.D-11).

In the month of May during wet water years, the median negative water velocity was predicted to
be 34% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-11). Median
negative water velocity (ft/s) was -0.187 for the NAA and -0.124 for the PA (Figure 5.D-11).
The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.283 and -0.207 for
the PA while the 75th percentile value was -0.1 and -0.06 for the PA (Figure 5.D-11). The
minimum value of negative water velocity (ft/s) for the NAA was -0.537 and -0.459 for the PA
while the maximum value was 0 and O for the PA (Figure 5.D-11).

In the month of June during wet water years, the median negative water velocity was predicted to
be 7% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-11). Median
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negative water velocity (ft/s) was -0.222 for the NAA and -0.205 for the PA (Figure 5.D-11).
The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.331 and -0.315 for
the PA while the 75th percentile value was -0.118 and -0.107 for the PA (Figure 5.D-11). The
minimum value of negative water velocity (ft/s) for the NAA was -0.578 and -0.582 for the PA
while the maximum value was 0 and O for the PA (Figure 5.D-11).

Above Normal Water Years

In the month of January during above normal water years, the median negative water velocity
was predicted to be 18% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-11). Median negative water velocity (ft/s) was -0.284 for the NAA and -0.233 for the PA
(Figure 5.D-11). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.384 and -0.339 for the PA while the 75th percentile value was -0.171 and -0.128 for the PA
(Figure 5.D-11). The minimum value of negative water velocity (ft/s) for the NAA was -0.659
and -0.626 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-11).

In the month of February during above normal water years, the median negative water velocity
was predicted to be 24% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-11). Median negative water velocity (ft/s) was -0.246 for the NAA and -0.187 for the PA
(Figure 5.D-11). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.349 and -0.296 for the PA while the 75th percentile value was -0.14 and -0.097 for the PA
(Figure 5.D-11). The minimum value of negative water velocity (ft/s) for the NAA was -0.651
and -0.642 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-11).

In the month of March during above normal water years, the median negative water velocity was
predicted to be 25% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-11). Median negative water velocity (ft/s) was -0.225 for the NAA and -0.17 for the PA
(Figure 5.D-11). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.327 and -0.263 for the PA while the 75th percentile value was -0.119 and -0.087 for the PA
(Figure 5.D-11). The minimum value of negative water velocity (ft/s) for the NAA was -0.634
and -0.588 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-11).

In the month of April during above normal water years, the median negative water velocity was
predicted to be 32% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-11). Median negative water velocity (ft/s) was -0.194 for the NAA and -0.132 for the PA
(Figure 5.D-11). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.292 and -0.225 for the PA while the 75th percentile value was -0.114 and -0.062 for the PA
(Figure 5.D-11). The minimum value of negative water velocity (ft/s) for the NAA was -0.592
and -0.551 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-11).

In the month of May during above normal water years, the median negative water velocity was
predicted to be 31% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-11). Median negative water velocity (ft/s) was -0.215 for the NAA and -0.149 for the PA
(Figure 5.D-11). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.31 and -0.236 for the PA while the 75th percentile value was -0.125 and -0.076 for the PA
(Figure 5.D-11). The minimum value of negative water velocity (ft/s) for the NAA was -0.571
and -0.517 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-11).
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In the month of June during above normal water years, the median negative water velocity was
predicted to be 7% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-11). Median negative water velocity (ft/s) was -0.267 for the NAA and -0.249 for the PA
(Figure 5.D-11). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.368 and -0.352 for the PA while the 75th percentile value was -0.165 and -0.148 for the PA
(Figure 5.D-11). The minimum value of negative water velocity (ft/s) for the NAA was -0.583
and -0.587 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-11).

Below Normal Water Years

In the month of January during below normal water years, the median negative water velocity
was predicted to be 19% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-11). Median negative water velocity (ft/s) was -0.309 for the NAA and -0.251 for the PA
(Figure 5.D-11). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.396 and -0.346 for the PA while the 75th percentile value was -0.198 and -0.147 for the PA
(Figure 5.D-11). The minimum value of negative water velocity (ft/s) for the NAA was -0.621
and -0.598 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-11).

In the month of February during below normal water years, the median negative water velocity
was predicted to be 22% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-11). Median negative water velocity (ft/s) was -0.281 for the NAA and -0.22 for the PA
(Figure 5.D-11). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.366 and -0.314 for the PA while the 75th percentile value was -0.178 and -0.123 for the PA
(Figure 5.D-11). The minimum value of negative water velocity (ft/s) for the NAA was -0.642
and -0.619 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-11).

In the month of March during below normal water years, the median negative water velocity was
predicted to be 23% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-11). Median negative water velocity (ft/s) was -0.258 for the NAA and -0.198 for the PA
(Figure 5.D-11). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.353 and -0.3 for the PA while the 75th percentile value was -0.16 and -0.11 for the PA (Figure
5.D-11). The minimum value of negative water velocity (ft/s) for the NAA was -0.661 and -
0.635 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-11).

In the month of April during below normal water years, the median negative water velocity was
predicted to be 27% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-11). Median negative water velocity (ft/s) was -0.229 for the NAA and -0.167 for the PA
(Figure 5.D-11). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.321 and -0.256 for the PA while the 75th percentile value was -0.139 and -0.092 for the PA
(Figure 5.D-11). The minimum value of negative water velocity (ft/s) for the NAA was -0.582
and -0.532 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-11).

In the month of May during below normal water years, the median negative water velocity was
predicted to be 24% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-11). Median negative water velocity (ft/s) was -0.249 for the NAA and -0.19 for the PA
(Figure 5.D-11). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.346 and -0.284 for the PA while the 75th percentile value was -0.156 and -0.104 for the PA
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(Figure 5.D-11). The minimum value of negative water velocity (ft/s) for the NAA was -0.57 and
-0.523 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-11).

Dry Water Years

In the month of January during dry water years, the median negative water velocity was
predicted to be 19% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-11). Median negative water velocity (ft/s) was -0.318 for the NAA and -0.259 for the PA
(Figure 5.D-11). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.399 and -0.35 for the PA while the 75th percentile value was -0.21 and -0.159 for the PA
(Figure 5.D-11). The minimum value of negative water velocity (ft/s) for the NAA was -0.72 and
-0.684 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-11).

In the month of February during dry water years, the median negative water velocity was
predicted to be 18% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-11). Median negative water velocity (ft/s) was -0.306 for the NAA and -0.25 for the PA
(Figure 5.D-11). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.386 and -0.336 for the PA while the 75th percentile value was -0.203 and -0.151 for the PA
(Figure 5.D-11). The minimum value of negative water velocity (ft/s) for the NAA was -0.641
and -0.605 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-11).

In the month of March during dry water years, the median negative water velocity was predicted
to be 18% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-11). Median
negative water velocity (ft/s) was -0.309 for the NAA and -0.254 for the PA (Figure 5.D-11).
The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.387 and -0.337 for
the PA while the 75th percentile value was -0.21 and -0.163 for the PA (Figure 5.D-11). The
minimum value of negative water velocity (ft/s) for the NAA was -0.638 and -0.603 for the PA
while the maximum value was 0 and O for the PA (Figure 5.D-11).

In the month of April during dry water years, the median negative water velocity was predicted
to be 18% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-11). Median
negative water velocity (ft/s) was -0.277 for the NAA and -0.226 for the PA (Figure 5.D-11).
The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.366 and -0.32 for
the PA while the 75th percentile value was -0.17 and -0.134 for the PA (Figure 5.D-11). The
minimum value of negative water velocity (ft/s) for the NAA was -0.641 and -0.612 for the PA
while the maximum value was 0 and 0 for the PA (Figure 5.D-11).

In the month of May during dry water years, the median negative water velocity was predicted to
be 18% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-11). Median
negative water velocity (ft/s) was -0.291 for the NAA and -0.239 for the PA (Figure 5.D-11).
The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.383 and -0.336 for
the PA while the 75th percentile value was -0.187 and -0.143 for the PA (Figure 5.D-11). The
minimum value of negative water velocity (ft/s) for the NAA was -0.644 and -0.612 for the PA
while the maximum value was 0 and O for the PA (Figure 5.D-11).

Critical Water Years

In the month of January during critical water years, the median negative water velocity was
predicted to be 14% lower for the NAA relative to the PA over the 82 water years (Figure
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5.D-11). Median negative water velocity (ft/s) was -0.341 for the NAA and -0.294 for the PA
(Figure 5.D-11). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.416 and -0.377 for the PA while the 75th percentile value was -0.231 and -0.19 for the PA
(Figure 5.D-11). The minimum value of negative water velocity (ft/s) for the NAA was -0.686
and -0.641 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-11).

In the month of February during critical water years, the median negative water velocity was
predicted to be 16% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-11). Median negative water velocity (ft/s) was -0.317 for the NAA and -0.266 for the PA
(Figure 5.D-11). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.395 and -0.35 for the PA while the 75th percentile value was -0.213 and -0.165 for the PA
(Figure 5.D-11). The minimum value of negative water velocity (ft/s) for the NAA was -0.624
and -0.587 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-11).

In the month of March during critical water years, the median negative water velocity was
predicted to be 13% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-11). Median negative water velocity (ft/s) was -0.324 for the NAA and -0.282 for the PA
(Figure 5.D-11). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.403 and -0.364 for the PA while the 75th percentile value was -0.232 and -0.189 for the PA
(Figure 5.D-11). The minimum value of negative water velocity (ft/s) for the NAA was -0.763
and -0.738 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-11).

In the month of April during critical water years, the median negative water velocity was
predicted to be 12% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-11). Median negative water velocity (ft/s) was -0.327 for the NAA and -0.288 for the PA
(Figure 5.D-11). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.408 and -0.375 for the PA while the 75th percentile value was -0.23 and -0.194 for the PA
(Figure 5.D-11). The minimum value of negative water velocity (ft/s) for the NAA was -0.658
and -0.636 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-11).

In the month of May during critical water years, the median negative water velocity was
predicted to be 13% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-11). Median negative water velocity (ft/s) was -0.325 for the NAA and -0.284 for the PA
(Figure 5.D-11). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.412 and -0.38 for the PA while the 75th percentile value was -0.226 and -0.187 for the PA
(Figure 5.D-11). The minimum value of negative water velocity (ft/s) for the NAA was -0.619
and -0.597 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-11).
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Figure 5.D-11. Velocity of flow entering the interior delta at channel 21, San Joaquin River downstream of
the head of OIld River, during the 82-year CALSIM period. Comparisons between the NAA (NAA) and the
PA (PA) were performed for the months of October through June. Plus symbol indicates median, box

represents the interquartile range, and the whiskers represent the minimum and maximum values.
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5.D0.1.2.1.2.1.2.2  Channel 45, San Joaquin River near the confluence with the Mokelumne
River

All Water Years

In all months of all years, the median daily proportion of negative velocity was predicted to be
less than 5% different between the NAA and the PA over the 82 water years (Figure 5.D-12).

Biological Assessment for the July 2016

California WaterFix 5.D-103 ICF 00237.15



Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

0.0 A
0.5 4
1.0 - [ - E
«H il
5 L .
2.0
0.0 A
0.5 1 >
o
- | g
1.0 4 ]
=
o
g..g_QH
oy
D |
5_0'5 | ] _ g Scenario
& ] ‘ ‘ ’ S EINAA
[ S FIPA
315 | LI ELTR <
2
'-g-?.f)—
D 004
=z
-0.5 4
T L L L
LI B BT
-2.0 A
0.0
0.5 -
T O
§
15 L] L[]
2.0
T T T T
Mar Apr May Jun
Month

Figure 5.D-12. Velocity of flow entering the interior delta at channel 45, the San Joaquin River near the
confluence with the Mokelumne River, during the 82-year CALSIM period. Comparisons between the NAA
(NAA) and the PA (PA) were performed for the months of October through June. Plus symbol indicates
median, box represents the interquartile range, and the whiskers represent the minimum and maximum
values.
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5.D0.1.2.1.2.1.2.3  Channel 94, Old River downstream of the facilities

Wet Water Years

In the month of January during wet water years, the median negative water velocity was
predicted to be 5% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-13). Median negative water velocity (ft/s) was -0.895 for the NAA and -0.849 for the PA
(Figure 5.D-13). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
1.096 and -1.052 for the PA while the 75th percentile value was -0.508 and -0.495 for the PA
(Figure 5.D-13). The minimum value of negative water velocity (ft/s) for the NAA was -1.515
and -1.409 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-13).

In the month of February during wet water years, the median negative water velocity was
predicted to be 10% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-13). Median negative water velocity (ft/s) was -0.859 for the NAA and -0.775 for the PA
(Figure 5.D-13). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
1.08 and -0.969 for the PA while the 75th percentile value was -0.443 and -0.451 for the PA
(Figure 5.D-13). The minimum value of negative water velocity (ft/s) for the NAA was -1.52 and
-1.381 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-13).

In the month of March during wet water years, the median negative water velocity was predicted
to be 17% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-13). Median
negative water velocity (ft/s) was -0.873 for the NAA and -0.724 for the PA (Figure 5.D-13).
The 25th percentile value of negative water velocity (ft/s) for the NAA was -1.095 and -0.926 for
the PA while the 75th percentile value was -0.464 and -0.421 for the PA (Figure 5.D-13). The
minimum value of negative water velocity (ft/s) for the NAA was -1.461 and -1.276 for the PA
while the maximum value was 0 and 0 for the PA (Figure 5.D-13).

In the month of June during wet water years, the median negative water velocity was predicted to
be 11% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-13). Median
negative water velocity (ft/s) was -0.917 for the NAA and -0.815 for the PA (Figure 5.D-13).
The 25th percentile value of negative water velocity (ft/s) for the NAA was -1.098 and -1.008 for
the PA while the 75th percentile value was -0.573 and -0.506 for the PA (Figure 5.D-13). The
minimum value of negative water velocity (ft/s) for the NAA was -1.436 and -1.297 for the PA
while the maximum value was 0 and 0 for the PA (Figure 5.D-13).

Above Normal Water Years

In the month of March during above normal water years, the median negative water velocity was
predicted to be 12% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-13). Median negative water velocity (ft/s) was -0.927 for the NAA and -0.812 for the PA
(Figure 5.D-13). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
1.112 and -0.978 for the PA while the 75th percentile value was -0.528 and -0.519 for the PA
(Figure 5.D-13). The minimum value of negative water velocity (ft/s) for the NAA was -1.464
and -1.299 for the PA while the maximum value was 0 and 0 for the PA (Figure 5.D-13).

Below Normal Water Years

In the month of January during below normal water years, the median negative water velocity
was predicted to be 7% lower for the NAA relative to the PA over the 82 water years (Figure
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5.D-13). Median negative water velocity (ft/s) was -0.956 for the NAA and -0.888 for the PA
(Figure 5.D-13). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
1.117 and -1.048 for the PA while the 75th percentile value was -0.605 and -0.595 for the PA
(Figure 5.D-13). The minimum value of negative water velocity (ft/s) for the NAA was -1.41 and
-1.33 for the PA while the maximum value was 0 and 0 for the PA (Figure 5.D-13).
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Figure 5.D-13. Velocity of flow entering the interior delta at channel 94, Old River downstream of the
facilities, during the 82-year CALSIM period. Comparisons between the NAA (NAA) and the PA (PA) were
performed for the months of October through June. Plus symbol indicates median, box represents the
interquartile range, and the whiskers represent the minimum and maximum values.
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5.D0.1.2.1.2.1.2.4  Channel 212, Old River upstream of the facilities

Wet Water Years

In the month of January during wet water years, the median negative water velocity was
predicted to be 51% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-14). Median negative water velocity (ft/s) was -0.461 for the NAA and -0.698 for the PA
(Figure 5.D-14). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.761 and -0.939 for the PA while the 75th percentile value was -0.25 and -0.409 for the PA
(Figure 5.D-14). The minimum value of negative water velocity (ft/s) for the NAA was -1.116
and -1.305 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-14).

In the month of February during wet water years, the median negative water velocity was
predicted to be 83% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-14). Median negative water velocity (ft/s) was -0.377 for the NAA and -0.691 for the PA
(Figure 5.D-14). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.636 and -0.89 for the PA while the 75th percentile value was -0.188 and -0.387 for the PA
(Figure 5.D-14). The minimum value of negative water velocity (ft/s) for the NAA was -1.056
and -1.258 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-14).

In the month of March during wet water years, the median negative water velocity was predicted
to be 93% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-14).
Median negative water velocity (ft/s) was -0.342 for the NAA and -0.661 for the PA (Figure
5.D-14). The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.596 and -
0.872 for the PA while the 75th percentile value was -0.151 and -0.374 for the PA (Figure
5.D-14). The minimum value of negative water velocity (ft/s) for the NAA was -1.055 and -
1.239 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-14).

In the month of April during wet water years, the median negative water velocity was predicted
to be 69% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-14).
Median negative water velocity (ft/s) was -0.418 for the NAA and -0.705 for the PA (Figure
5.D-14). The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.594 and -
0.875 for the PA while the 75th percentile value was -0.211 and -0.425 for the PA (Figure
5.D-14). The minimum value of negative water velocity (ft/s) for the NAA was -1.009 and -1.24
for the PA while the maximum value was 0 and O for the PA (Figure 5.D-14).

In the month of May during wet water years, the median negative water velocity was predicted to
be 52% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-14). Median
negative water velocity (ft/s) was -0.504 for the NAA and -0.766 for the PA (Figure 5.D-14).
The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.694 and -0.943 for
the PA while the 75th percentile value was -0.255 and -0.471 for the PA (Figure 5.D-14). The
minimum value of negative water velocity (ft/s) for the NAA was -1.07 and -1.269 for the PA
while the maximum value was 0 and O for the PA (Figure 5.D-14).

In the month of June during wet water years, the median negative water velocity was predicted to
be 22% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-14). Median
negative water velocity (ft/s) was -0.261 for the NAA and -0.319 for the PA (Figure 5.D-14).
The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.42 and -0.481 for
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the PA while the 75th percentile value was -0.137 and -0.19 for the PA (Figure 5.D-14). The
minimum value of negative water velocity (ft/s) for the NAA was -0.87 and -1.155 for the PA
while the maximum value was 0 and O for the PA (Figure 5.D-14).

Above Normal Water Years

In the month of January during above normal water years, the median negative water velocity
was predicted to be 35% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-14). Median negative water velocity (ft/s) was -0.531 for the NAA and -0.718 for the PA
(Figure 5.D-14). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.799 and -0.969 for the PA while the 75th percentile value was -0.303 and -0.431 for the PA
(Figure 5.D-14). The minimum value of negative water velocity (ft/s) for the NAA was -1.168
and -1.329 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-14).

In the month of February during above normal water years, the median negative water velocity
was predicted to be 38% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-14). Median negative water velocity (ft/s) was -0.49 for the NAA and -0.678 for the PA
(Figure 5.D-14). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.759 and -0.933 for the PA while the 75th percentile value was -0.235 and -0.415 for the PA
(Figure 5.D-14). The minimum value of negative water velocity (ft/s) for the NAA was -1.167
and -1.312 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-14).

In the month of March during above normal water years, the median negative water velocity was
predicted to be 79% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-14). Median negative water velocity (ft/s) was -0.431 for the NAA and -0.773 for the PA
(Figure 5.D-14). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.667 and -0.942 for the PA while the 75th percentile value was -0.229 and -0.479 for the PA
(Figure 5.D-14). The minimum value of negative water velocity (ft/s) for the NAA was -1.083
and -1.268 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-14).

In the month of April during above normal water years, the median negative water velocity was
predicted to be 52% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-14). Median negative water velocity (ft/s) was -0.506 for the NAA and -0.767 for the PA
(Figure 5.D-14). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.681 and -0.925 for the PA while the 75th percentile value was -0.279 and -0.488 for the PA
(Figure 5.D-14). The minimum value of negative water velocity (ft/s) for the NAA was -1.045
and -1.252 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-14).

In the month of May during above normal water years, the median negative water velocity was
predicted to be 47% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-14). Median negative water velocity (ft/s) was -0.55 for the NAA and -0.807 for the PA
(Figure 5.D-14). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.742 and -0.972 for the PA while the 75th percentile value was -0.301 and -0.517 for the PA
(Figure 5.D-14). The minimum value of negative water velocity (ft/s) for the NAA was -1.118
and -1.303 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-14).

In the month of June during above normal water years, the median negative water velocity was
predicted to be 14% higher for the NAA relative to the PA over the 82 water years (Figure
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5.D-14). Median negative water velocity (ft/s) was -0.306 for the NAA and -0.348 for the PA

(Figure 5.D-14). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.462 and -0.501 for the PA while the 75th percentile value was -0.167 and -0.227 for the PA

(Figure 5.D-14). The minimum value of negative water velocity (ft/s) for the NAA was -0.881
and -1.134 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-14).

Below Normal Water Years

In the month of January during below normal water years, the median negative water velocity
was predicted to be 45% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-14). Median negative water velocity (ft/s) was -0.526 for the NAA and -0.761 for the PA
(Figure 5.D-14). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.809 and -0.985 for the PA while the 75th percentile value was -0.3 and -0.479 for the PA
(Figure 5.D-14). The minimum value of negative water velocity (ft/s) for the NAA was -1.125
and -1.253 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-14).

In the month of February during below normal water years, the median negative water velocity
was predicted to be 35% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-14). Median negative water velocity (ft/s) was -0.501 for the NAA and -0.678 for the PA
(Figure 5.D-14). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.775 and -0.91 for the PA while the 75th percentile value was -0.261 and -0.403 for the PA
(Figure 5.D-14). The minimum value of negative water velocity (ft/s) for the NAA was -1.18 and
-1.255 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-14).

In the month of March during below normal water years, the median negative water velocity was
predicted to be 45% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-14). Median negative water velocity (ft/s) was -0.465 for the NAA and -0.675 for the PA
(Figure 5.D-14). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.711 and -0.86 for the PA while the 75th percentile value was -0.254 and -0.42 for the PA
(Figure 5.D-14). The minimum value of negative water velocity (ft/s) for the NAA was -1.127
and -1.264 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-14).

In the month of April during below normal water years, the median negative water velocity was
predicted to be 37% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-14). Median negative water velocity (ft/s) was -0.548 for the NAA and -0.75 for the PA
(Figure 5.D-14). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.742 and -0.924 for the PA while the 75th percentile value was -0.315 and -0.464 for the PA
(Figure 5.D-14). The minimum value of negative water velocity (ft/s) for the NAA was -1.048
and -1.234 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-14).

In the month of May during below normal water years, the median negative water velocity was
predicted to be 32% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-14). Median negative water velocity (ft/s) was -0.604 for the NAA and -0.798 for the PA
(Figure 5.D-14). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.803 and -0.978 for the PA while the 75th percentile value was -0.341 and -0.497 for the PA
(Figure 5.D-14). The minimum value of negative water velocity (ft/s) for the NAA was -1.106
and -1.278 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-14).
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In the month of June during below normal water years, the median negative water velocity was
predicted to be 7% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-14). Median negative water velocity (ft/s) was -0.369 for the NAA and -0.396 for the PA
(Figure 5.D-14). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.517 and -0.547 for the PA while the 75th percentile value was -0.229 and -0.27 for the PA
(Figure 5.D-14). The minimum value of negative water velocity (ft/s) for the NAA was -1.003
and -1.13 for the PA while the maximum value was 0 and 0 for the PA (Figure 5.D-14).

Dry Water Years

In the month of January during dry water years, the median negative water velocity was
predicted to be 40% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-14). Median negative water velocity (ft/s) was -0.5 for the NAA and -0.699 for the PA
(Figure 5.D-14). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.811 and -0.95 for the PA while the 75th percentile value was -0.311 and -0.436 for the PA
(Figure 5.D-14). The minimum value of negative water velocity (ft/s) for the NAA was -1.152
and -1.281 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-14).

In the month of February during dry water years, the median negative water velocity was
predicted to be 30% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-14). Median negative water velocity (ft/s) was -0.544 for the NAA and -0.707 for the PA
(Figure 5.D-14). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.805 and -0.926 for the PA while the 75th percentile value was -0.328 and -0.433 for the PA
(Figure 5.D-14). The minimum value of negative water velocity (ft/s) for the NAA was -1.136
and -1.258 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-14).

In the month of March during dry water years, the median negative water velocity was predicted
to be 25% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-14).
Median negative water velocity (ft/s) was -0.578 for the NAA and -0.723 for the PA (Figure
5.D-14). The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.785 and -
0.899 for the PA while the 75th percentile value was -0.357 and -0.437 for the PA (Figure
5.D-14). The minimum value of negative water velocity (ft/s) for the NAA was -1.147 and -
1.253 for the PA while the maximum value was 0 and 0 for the PA (Figure 5.D-14).

In the month of April during dry water years, the median negative water velocity was predicted
to be 24% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-14).
Median negative water velocity (ft/s) was -0.62 for the NAA and -0.767 for the PA (Figure
5.D-14). The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.816 and -
0.945 for the PA while the 75th percentile value was -0.345 and -0.473 for the PA (Figure
5.D-14). The minimum value of negative water velocity (ft/s) for the NAA was -1.145 and -
1.259 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-14).

In the month of May during dry water years, the median negative water velocity was predicted to
be 24% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-14). Median
negative water velocity (ft/s) was -0.642 for the NAA and -0.793 for the PA (Figure 5.D-14).
The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.859 and -0.996 for
the PA while the 75th percentile value was -0.358 and -0.485 for the PA (Figure 5.D-14). The
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minimum value of negative water velocity (ft/s) for the NAA was -1.17 and -1.282 for the PA
while the maximum value was 0 and 0 for the PA (Figure 5.D-14).

In the month of June during dry water years, the median negative water velocity was predicted to
be 8% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-14). Median
negative water velocity (ft/s) was -0.4 for the NAA and -0.43 for the PA (Figure 5.D-14). The
25th percentile value of negative water velocity (ft/s) for the NAA was -0.556 and -0.579 for the
PA while the 75th percentile value was -0.257 and -0.294 for the PA (Figure 5.D-14). The
minimum value of negative water velocity (ft/s) for the NAA was -1.084 and -1.142 for the PA
while the maximum value was 0 and O for the PA (Figure 5.D-14).

Critical Water Years

In the month of January during critical water years, the median negative water velocity was
predicted to be 26% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-14). Median negative water velocity (ft/s) was -0.554 for the NAA and -0.7 for the PA
(Figure 5.D-14). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.848 and -0.949 for the PA while the 75th percentile value was -0.346 and -0.44 for the PA
(Figure 5.D-14). The minimum value of negative water velocity (ft/s) for the NAA was -1.112
and -1.261 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-14).

In the month of February during critical water years, the median negative water velocity was
predicted to be 20% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-14). Median negative water velocity (ft/s) was -0.596 for the NAA and -0.716 for the PA
(Figure 5.D-14). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.845 and -0.953 for the PA while the 75th percentile value was -0.356 and -0.443 for the PA
(Figure 5.D-14). The minimum value of negative water velocity (ft/s) for the NAA was -1.087
and -1.221 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-14).

In the month of March during critical water years, the median negative water velocity was
predicted to be 15% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-14). Median negative water velocity (ft/s) was -0.691 for the NAA and -0.797 for the PA
(Figure 5.D-14). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.862 and -0.972 for the PA while the 75th percentile value was -0.4 and -0.499 for the PA
(Figure 5.D-14). The minimum value of negative water velocity (ft/s) for the NAA was -1.153
and -1.277 for the PA while the maximum value was 0 and 0 for the PA (Figure 5.D-14).

In the month of April during critical water years, the median negative water velocity was
predicted to be 13% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-14). Median negative water velocity (ft/s) was -0.735 for the NAA and -0.829 for the PA
(Figure 5.D-14). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.899 and -1.001 for the PA while the 75th percentile value was -0.456 and -0.527 for the PA
(Figure 5.D-14). The minimum value of negative water velocity (ft/s) for the NAA was -1.175
and -1.281 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-14).

In the month of May during critical water years, the median negative water velocity was
predicted to be 14% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-14). Median negative water velocity (ft/s) was -0.731 for the NAA and -0.83 for the PA
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(Figure 5.D-14). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.908 and -1.012 for the PA while the 75th percentile value was -0.447 and -0.531 for the PA

(Figure 5.D-14). The minimum value of negative water velocity (ft/s) for the NAA was -1.216
and -1.281 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-14).
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Figure 5.D-14. Velocity of flow entering the interior delta at channel 212, Old River upstream of the facilities,
during the 82-year CALSIM period. Comparisons between the NAA (NAA) and the PA (PA) were performed
for the months of October through June. Plus symbol indicates median, box represents the interquartile
range, and the whiskers represent the minimum and maximum values.
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5D.1.2.1.2.1.25 Channel 365, Delta Cross Channel

Wet Water Years

In the month of June during wet water years, the median negative water velocity was predicted to
be 7% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-15). Median
negative water velocity (ft/s) was -0.056 for the NAA and -0.06 for the PA (Figure 5.D-15). The
25th percentile value of negative water velocity (ft/s) for the NAA was -0.068 and -0.079 for the
PA while the 75th percentile value was -0.035 and -0.038 for the PA (Figure 5.D-15). The
minimum value of negative water velocity (ft/s) for the NAA was -0.833 and -0.877 for the PA
while the maximum value was 0 and O for the PA (Figure 5.D-15).
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Figure 5.D-15. Velocity of flow entering the interior delta at channel 365, the Delta Cross Channel, during the
82-year CALSIM period. Comparisons between the NAA (NAA) and the PA (PA) were performed for the
months of October through June. Plus symbol indicates median, box represents the interquartile range, and
the whiskers represent the minimum and maximum values.
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5.D0.1.2.1.2.1.2.6  Channel 379, Steamboat Slough

Wet Water Years

In the month of December during wet water years, the median negative water velocity was
predicted to be 6% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-16). Median negative water velocity (ft/s) was -0.12 for the NAA and -0.127 for the PA
(Figure 5.D-16). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.207 and -0.218 for the PA while the 75th percentile value was -0.053 and -0.051 for the PA
(Figure 5.D-16). The minimum value of negative water velocity (ft/s) for the NAA was -0.68 and
-0.686 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-16).

In the month of February during wet water years, the median negative water velocity was
predicted to be 12% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-16). Median negative water velocity (ft/s) was -0.025 for the NAA and -0.022 for the PA
(Figure 5.D-16). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.03 and -0.035 for the PA while the 75th percentile value was -0.016 and -0.01 for the PA
(Figure 5.D-16). The minimum value of negative water velocity (ft/s) for the NAA was -0.033
and -0.057 for the PA while the maximum value was -0.009 and -0.006 for the PA (Figure
5.D-16).

In the month of April during wet water years, the median negative water velocity was predicted
to be 7% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-16). Median
negative water velocity (ft/s) was -0.111 for the NAA and -0.119 for the PA (Figure 5.D-16).
The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.265 and -0.252 for
the PA while the 75th percentile value was -0.047 and -0.051 for the PA (Figure 5.D-16). The
minimum value of negative water velocity (ft/s) for the NAA was -0.514 and -0.523 for the PA
while the maximum value was -0.001 and 0 for the PA (Figure 5.D-16).

In the month of June during wet water years, the median negative water velocity was predicted to
be 8% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-16). Median
negative water velocity (ft/s) was -0.147 for the NAA and -0.135 for the PA (Figure 5.D-16).
The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.239 and -0.241 for
the PA while the 75th percentile value was -0.07 and -0.053 for the PA (Figure 5.D-16). The
minimum value of negative water velocity (ft/s) for the NAA was -0.69 and -0.672 for the PA
while the maximum value was 0 and 0 for the PA (Figure 5.D-16).

Above Normal Water Years

In the month of December during above normal water years, the median negative water velocity
was predicted to be 7% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-16). Median negative water velocity (ft/s) was -0.224 for the NAA and -0.209 for the PA
(Figure 5.D-16). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.369 and -0.358 for the PA while the 75th percentile value was -0.11 and -0.085 for the PA
(Figure 5.D-16). The minimum value of negative water velocity (ft/s) for the NAA was -0.752
and -0.76 for the PA while the maximum value was 0 and 0 for the PA (Figure 5.D-16).

In the month of January during above normal water years, the median negative water velocity
was predicted to be 37% lower for the NAA relative to the PA over the 82 water years (Figure
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5.D-16). Median negative water velocity (ft/s) was -0.099 for the NAA and -0.062 for the PA
(Figure 5.D-16). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.126 and -0.139 for the PA while the 75th percentile value was -0.04 and -0.033 for the PA
(Figure 5.D-16). The minimum value of negative water velocity (ft/s) for the NAA was -0.188
and -0.206 for the PA while the maximum value was 0 and -0.001 for the PA (Figure 5.D-16).

In the month of February during above normal water years, the median negative water velocity
was predicted to be 14% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-16). Median negative water velocity (ft/s) was -0.206 for the NAA and -0.177 for the PA
(Figure 5.D-16). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.471 and -0.478 for the PA while the 75th percentile value was -0.082 and -0.073 for the PA
(Figure 5.D-16). The minimum value of negative water velocity (ft/s) for the NAA was -0.773
and -0.784 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-16).

In the month of May during above normal water years, the median negative water velocity was
predicted to be 12% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-16). Median negative water velocity (ft/s) was -0.14 for the NAA and -0.123 for the PA
(Figure 5.D-16). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.238 and -0.225 for the PA while the 75th percentile value was -0.065 and -0.059 for the PA
(Figure 5.D-16). The minimum value of negative water velocity (ft/s) for the NAA was -0.61 and
-0.617 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-16).

In the month of June during above normal water years, the median negative water velocity was
predicted to be 24% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-16). Median negative water velocity (ft/s) was -0.135 for the NAA and -0.104 for the PA
(Figure 5.D-16). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.248 and -0.209 for the PA while the 75th percentile value was -0.058 and -0.043 for the PA
(Figure 5.D-16). The minimum value of negative water velocity (ft/s) for the NAA was -0.716
and -0.598 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-16).

Below Normal Water Years

In the month of December during below normal water years, the median negative water velocity
was predicted to be 9% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-16). Median negative water velocity (ft/s) was -0.218 for the NAA and -0.199 for the PA
(Figure 5.D-16). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.363 and -0.351 for the PA while the 75th percentile value was -0.105 and -0.093 for the PA
(Figure 5.D-16). The minimum value of negative water velocity (ft/s) for the NAA was -0.765
and -0.772 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-16).

In the month of January during below normal water years, the median negative water velocity
was predicted to be 6% lower for the NAA relative to the PA over the 82 water years (Figure

5.D-16). Median negative water velocity (ft/s) was -0.173 for the NAA and -0.162 for the PA
(Figure 5.D-16). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.304 and -0.283 for the PA while the 75th percentile value was -0.082 and -0.07 for the PA

(Figure 5.D-16). The minimum value of negative water velocity (ft/s) for the NAA was -0.715
and -0.663 for the PA while the maximum value was 0 and -0.001 for the PA (Figure 5.D-16).
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In the month of February during below normal water years, the median negative water velocity
was predicted to be 8% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-16). Median negative water velocity (ft/s) was -0.295 for the NAA and -0.271 for the PA
(Figure 5.D-16). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.486 and -0.478 for the PA while the 75th percentile value was -0.119 and -0.106 for the PA
(Figure 5.D-16). The minimum value of negative water velocity (ft/s) for the NAA was -0.697
and -0.702 for the PA while the maximum value was -0.002 and 0 for the PA (Figure 5.D-16).

In the month of April during below normal water years, the median negative water velocity was
predicted to be 8% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-16). Median negative water velocity (ft/s) was -0.154 for the NAA and -0.142 for the PA
(Figure 5.D-16). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.289 and -0.265 for the PA while the 75th percentile value was -0.068 and -0.067 for the PA
(Figure 5.D-16). The minimum value of negative water velocity (ft/s) for the NAA was -0.699
and -0.705 for the PA while the maximum value was 0 and -0.001 for the PA (Figure 5.D-16).

Dry Water Years

In the month of December during dry water years, the median negative water velocity was
predicted to be 7% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-16). Median negative water velocity (ft/s) was -0.194 for the NAA and -0.18 for the PA
(Figure 5.D-16). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.332 and -0.31 for the PA while the 75th percentile value was -0.09 and -0.083 for the PA
(Figure 5.D-16). The minimum value of negative water velocity (ft/s) for the NAA was -0.8 and
-0.799 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-16).

In the month of January during dry water years, the median negative water velocity was
predicted to be 6% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-16). Median negative water velocity (ft/s) was -0.136 for the NAA and -0.128 for the PA
(Figure 5.D-16). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.241 and -0.231 for the PA while the 75th percentile value was -0.065 and -0.058 for the PA
(Figure 5.D-16). The minimum value of negative water velocity (ft/s) for the NAA was -0.626
and -0.639 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-16).

In the month of February during dry water years, the median negative water velocity was
predicted to be 7% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-16). Median negative water velocity (ft/s) was -0.153 for the NAA and -0.143 for the PA
(Figure 5.D-16). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.242 and -0.243 for the PA while the 75th percentile value was -0.07 and -0.064 for the PA
(Figure 5.D-16). The minimum value of negative water velocity (ft/s) for the NAA was -0.544
and -0.538 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-16).

In the month of March during dry water years, the median negative water velocity was predicted
to be 10% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-16). Median
negative water velocity (ft/s) was -0.127 for the NAA and -0.115 for the PA (Figure 5.D-16).
The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.211 and -0.202 for
the PA while the 75th percentile value was -0.063 and -0.052 for the PA (Figure 5.D-16). The
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minimum value of negative water velocity (ft/s) for the NAA was -0.481 and -0.482 for the PA
while the maximum value was 0 and 0 for the PA (Figure 5.D-16).

In the month of May during dry water years, the median negative water velocity was predicted to
be 9% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-16). Median
negative water velocity (ft/s) was -0.149 for the NAA and -0.136 for the PA (Figure 5.D-16).
The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.256 and -0.232 for
the PA while the 75th percentile value was -0.069 and -0.067 for the PA (Figure 5.D-16). The
minimum value of negative water velocity (ft/s) for the NAA was -0.682 and -0.681 for the PA
while the maximum value was 0 and 0 for the PA (Figure 5.D-16).

In the month of June during dry water years, the median negative water velocity was predicted to
be 9% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-16). Median
negative water velocity (ft/s) was -0.143 for the NAA and -0.156 for the PA (Figure 5.D-16).
The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.242 and -0.265 for
the PA while the 75th percentile value was -0.068 and -0.071 for the PA (Figure 5.D-16). The
minimum value of negative water velocity (ft/s) for the NAA was -0.586 and -0.614 for the PA
while the maximum value was 0 and 0 for the PA (Figure 5.D-16).

Critical Water Years

In the month of January during critical water years, the median negative water velocity was
predicted to be 37% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-16). Median negative water velocity (ft/s) was -0.192 for the NAA and -0.121 for the PA
(Figure 5.D-16). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.341 and -0.259 for the PA while the 75th percentile value was -0.077 and -0.051 for the PA
(Figure 5.D-16). The minimum value of negative water velocity (ft/s) for the NAA was -0.738
and -0.559 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-16).

In the month of February during critical water years, the median negative water velocity was
predicted to be 16% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-16). Median negative water velocity (ft/s) was -0.149 for the NAA and -0.173 for the PA
(Figure 5.D-16). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.257 and -0.291 for the PA while the 75th percentile value was -0.068 and -0.076 for the PA
(Figure 5.D-16). The minimum value of negative water velocity (ft/s) for the NAA was -0.616
and -0.639 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-16).

In the month of March during critical water years, the median negative water velocity was
predicted to be 12% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-16). Median negative water velocity (ft/s) was -0.166 for the NAA and -0.145 for the PA
(Figure 5.D-16). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.285 and -0.242 for the PA while the 75th percentile value was -0.075 and -0.068 for the PA
(Figure 5.D-16). The minimum value of negative water velocity (ft/s) for the NAA was -0.658
and -0.597 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-16).
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Figure 5.D-16. Velocity of flow entering the interior delta at channel 379, Steamboat Slough, during the 82-
year CALSIM period. Comparisons between the NAA (NAA) and the PA (PA) were performed for the
months of October through June. Plus symbol indicates median, box represents the interquartile range, and
the whiskers represent the minimum and maximum values.
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5.D0.1.2.1.2.1.2.7  Channel 383, Sutter Slough

Wet Water Years

In the month of February during wet water years, the median negative water velocity was
predicted to be 35% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-17). Median negative water velocity (ft/s) was -0.185 for the NAA and -0.25 for the PA
(Figure 5.D-17). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.351 and -0.401 for the PA while the 75th percentile value was -0.101 and -0.133 for the PA
(Figure 5.D-17). The minimum value of negative water velocity (ft/s) for the NAA was -0.803
and -1.03 for the PA while the maximum value was -0.001 and -0.001 for the PA (Figure
5.D-17).

In the month of March during wet water years, the median negative water velocity was predicted
to be 117% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-17).
Median negative water velocity (ft/s) was -0.16 for the NAA and -0.347 for the PA (Figure
5.D-17). The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.306 and -
0.515 for the PA while the 75th percentile value was -0.077 and -0.171 for the PA (Figure
5.D-17). The minimum value of negative water velocity (ft/s) for the NAA was -0.574 and -
0.869 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-17).

In the month of April during wet water years, the median negative water velocity was predicted
to be 7% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-17). Median
negative water velocity (ft/s) was -0.372 for the NAA and -0.397 for the PA (Figure 5.D-17).
The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.543 and -0.583 for
the PA while the 75th percentile value was -0.198 and -0.212 for the PA (Figure 5.D-17). The
minimum value of negative water velocity (ft/s) for the NAA was -1.112 and -1.123 for the PA
while the maximum value was 0 and 0 for the PA (Figure 5.D-17).

In the month of May during wet water years, the median negative water velocity was predicted to
be 7% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-17). Median
negative water velocity (ft/s) was -0.41 for the NAA and -0.438 for the PA (Figure 5.D-17). The
25th percentile value of negative water velocity (ft/s) for the NAA was -0.604 and -0.657 for the
PA while the 75th percentile value was -0.222 and -0.242 for the PA (Figure 5.D-17). The
minimum value of negative water velocity (ft/s) for the NAA was -1.091 and -1.217 for the PA
while the maximum value was 0 and O for the PA (Figure 5.D-17).

In the month of June during wet water years, the median negative water velocity was predicted to
be 5% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-17). Median
negative water velocity (ft/s) was -0.55 for the NAA and -0.579 for the PA (Figure 5.D-17). The
25th percentile value of negative water velocity (ft/s) for the NAA was -0.764 and -0.753 for the
PA while the 75th percentile value was -0.311 and -0.358 for the PA (Figure 5.D-17). The
minimum value of negative water velocity (ft/s) for the NAA was -1.384 and -1.418 for the PA
while the maximum value was 0 and 0 for the PA (Figure 5.D-17).

Above Normal Water Years

In the month of December during above normal water years, the median negative water velocity
was predicted to be 5% higher for the NAA relative to the PA over the 82 water years (Figure
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5.D-17). Median negative water velocity (ft/s) was -0.492 for the NAA and -0.516 for the PA
(Figure 5.D-17). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.705 and -0.719 for the PA while the 75th percentile value was -0.27 and -0.29 for the PA
(Figure 5.D-17). The minimum value of negative water velocity (ft/s) for the NAA was -1.401
and -1.408 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-17).

In the month of February during above normal water years, the median negative water velocity
was predicted to be 12% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-17). Median negative water velocity (ft/s) was -0.525 for the NAA and -0.461 for the PA
(Figure 5.D-17). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.737 and -0.675 for the PA while the 75th percentile value was -0.293 and -0.237 for the PA
(Figure 5.D-17). The minimum value of negative water velocity (ft/s) for the NAA was -1.302
and -1.312 for the PA while the maximum value was -0.001 and 0 for the PA (Figure 5.D-17).

In the month of March during above normal water years, the median negative water velocity was
predicted to be 32% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-17). Median negative water velocity (ft/s) was -0.246 for the NAA and -0.324 for the PA
(Figure 5.D-17). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.397 and -0.483 for the PA while the 75th percentile value was -0.099 and -0.164 for the PA
(Figure 5.D-17). The minimum value of negative water velocity (ft/s) for the NAA was -0.642
and -0.921 for the PA while the maximum value was -0.001 and -0.001 for the PA (Figure
5.D-17).

In the month of April during above normal water years, the median negative water velocity was
predicted to be 7% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-17). Median negative water velocity (ft/s) was -0.367 for the NAA and -0.393 for the PA
(Figure 5.D-17). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.555 and -0.601 for the PA while the 75th percentile value was -0.191 and -0.195 for the PA
(Figure 5.D-17). The minimum value of negative water velocity (ft/s) for the NAA was -1.201
and -1.218 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-17).

In the month of May during above normal water years, the median negative water velocity was
predicted to be 6% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-17). Median negative water velocity (ft/s) was -0.431 for the NAA and -0.456 for the PA
(Figure 5.D-17). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.628 and -0.688 for the PA while the 75th percentile value was -0.231 and -0.255 for the PA
(Figure 5.D-17). The minimum value of negative water velocity (ft/s) for the NAA was -1.245
and -1.288 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-17).

Below Normal Water Years

In the month of December during below normal water years, the median negative water velocity
was predicted to be 6% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-17). Median negative water velocity (ft/s) was -0.484 for the NAA and -0.511 for the PA
(Figure 5.D-17). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.709 and -0.723 for the PA while the 75th percentile value was -0.261 and -0.301 for the PA
(Figure 5.D-17). The minimum value of negative water velocity (ft/s) for the NAA was -1.426
and -1.431 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-17).
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In the month of March during below normal water years, the median negative water velocity was
predicted to be 7% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-17). Median negative water velocity (ft/s) was -0.392 for the NAA and -0.419 for the PA
(Figure 5.D-17). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.565 and -0.611 for the PA while the 75th percentile value was -0.203 and -0.22 for the PA
(Figure 5.D-17). The minimum value of negative water velocity (ft/s) for the NAA was -0.96 and
-1.028 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-17).

In the month of April during below normal water years, the median negative water velocity was
predicted to be 7% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-17). Median negative water velocity (ft/s) was -0.434 for the NAA and -0.463 for the PA
(Figure 5.D-17). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.629 and -0.653 for the PA while the 75th percentile value was -0.243 and -0.263 for the PA
(Figure 5.D-17). The minimum value of negative water velocity (ft/s) for the NAA was -1.311
and -1.318 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-17).

In the month of June during below normal water years, the median negative water velocity was
predicted to be 5% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-17). Median negative water velocity (ft/s) was -0.578 for the NAA and -0.547 for the PA
(Figure 5.D-17). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.775 and -0.753 for the PA while the 75th percentile value was -0.34 and -0.346 for the PA
(Figure 5.D-17). The minimum value of negative water velocity (ft/s) for the NAA was -1.221
and -1.272 for the PA while the maximum value was -0.001 and O for the PA (Figure 5.D-17).

Dry Water Years

In the month of January during dry water years, the median negative water velocity was
predicted to be 8% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-17). Median negative water velocity (ft/s) was -0.439 for the NAA and -0.474 for the PA
(Figure 5.D-17). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.63 and -0.648 for the PA while the 75th percentile value was -0.241 and -0.273 for the PA
(Figure 5.D-17). The minimum value of negative water velocity (ft/s) for the NAA was -1.214
and -1.229 for the PA while the maximum value was 0 and 0 for the PA (Figure 5.D-17).

In the month of February during dry water years, the median negative water velocity was
predicted to be 12% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-17). Median negative water velocity (ft/s) was -0.376 for the NAA and -0.421 for the PA
(Figure 5.D-17). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.554 and -0.599 for the PA while the 75th percentile value was -0.203 and -0.232 for the PA
(Figure 5.D-17). The minimum value of negative water velocity (ft/s) for the NAA was -1.073
and -1.067 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-17).

In the month of March during dry water years, the median negative water velocity was predicted
to be 7% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-17). Median
negative water velocity (ft/s) was -0.384 for the NAA and -0.409 for the PA (Figure 5.D-17).
The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.552 and -0.605 for
the PA while the 75th percentile value was -0.209 and -0.213 for the PA (Figure 5.D-17). The
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minimum value of negative water velocity (ft/s) for the NAA was -0.966 and -0.995 for the PA
while the maximum value was 0 and 0 for the PA (Figure 5.D-17).

Critical Water Years

In the month of February during critical water years, the median negative water velocity was
predicted to be 16% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-17). Median negative water velocity (ft/s) was -0.419 for the NAA and -0.485 for the PA
(Figure 5.D-17). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.59 and -0.668 for the PA while the 75th percentile value was -0.235 and -0.28 for the PA
(Figure 5.D-17). The minimum value of negative water velocity (ft/s) for the NAA was -1.12 and
-1.19 for the PA while the maximum value was 0 and -0.001 for the PA (Figure 5.D-17).

In the month of March during critical water years, the median negative water velocity was
predicted to be 6% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-17). Median negative water velocity (ft/s) was -0.487 for the NAA and -0.516 for the PA
(Figure 5.D-17). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.663 and -0.708 for the PA while the 75th percentile value was -0.29 and -0.313 for the PA
(Figure 5.D-17). The minimum value of negative water velocity (ft/s) for the NAA was -1.275
and -1.221 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-17).

Biological Assessment for the 5D-124 July 2016
California WaterFix : ICF 00237.15



Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

=

0.0 4 ]

[ELLLION 9A0QY

0.0 -

.[__ 4‘: 4'—{ AH ' % Scenario
°5 1 T { g

. _ E _::NAA
1.0 - 3 LCJPA
N o

Negative water velocity (ft/s)

| o B T P B B

T T T T T T T
Dec Jan Feb Mar Apr May Jun

Month

Figure 5.D-17. Velocity of flow entering the interior delta at channel 383, Sutter Slough, during the 82-year
CALSIM period. Comparisons between the NAA (NAA) and the PA (PA) were performed for the months of
October through June. Plus symbol indicates median, box represents the interquartile range, and the
whiskers represent the minimum and maximum values.
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5.D0.1.2.1.2.1.2.8  Channel 418, Sacramento River downstream of proposed diversions

Wet Water Years

In the month of December during wet water years, the median negative water velocity was
predicted to be 14% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-18). Median negative water velocity (ft/s) was -0.12 for the NAA and -0.136 for the PA
(Figure 5.D-18). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.202 and -0.245 for the PA while the 75th percentile value was -0.056 and -0.056 for the PA
(Figure 5.D-18). The minimum value of negative water velocity (ft/s) for the NAA was -0.801
and -0.793 for the PA while the maximum value was 0 and -0.001 for the PA (Figure 5.D-18).

In the month of May during wet water years, the median negative water velocity was predicted to
be 6% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-18). Median
negative water velocity (ft/s) was -0.145 for the NAA and -0.154 for the PA (Figure 5.D-18).
The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.254 and -0.269 for
the PA while the 75th percentile value was -0.063 and -0.068 for the PA (Figure 5.D-18). The
minimum value of negative water velocity (ft/s) for the NAA was -0.557 and -0.613 for the PA
while the maximum value was -0.001 and O for the PA (Figure 5.D-18).

In the month of June during wet water years, the median negative water velocity was predicted to
be 12% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-18). Median
negative water velocity (ft/s) was -0.156 for the NAA and -0.175 for the PA (Figure 5.D-18).
The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.308 and -0.317 for
the PA while the 75th percentile value was -0.067 and -0.082 for the PA (Figure 5.D-18). The
minimum value of negative water velocity (ft/s) for the NAA was -0.898 and -0.891 for the PA
while the maximum value was 0 and 0 for the PA (Figure 5.D-18).

Above Normal Water Years

In the month of February during above normal water years, the median negative water velocity
was predicted to be 17% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-18). Median negative water velocity (ft/s) was -0.265 for the NAA and -0.22 for the PA
(Figure 5.D-18). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.55 and -0.541 for the PA while the 75th percentile value was -0.095 and -0.071 for the PA
(Figure 5.D-18). The minimum value of negative water velocity (ft/s) for the NAA was -0.933
and -0.916 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-18).

In the month of April during above normal water years, the median negative water velocity was
predicted to be 8% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-18). Median negative water velocity (ft/s) was -0.2 for the NAA and -0.183 for the PA
(Figure 5.D-18). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.351 and -0.324 for the PA while the 75th percentile value was -0.086 and -0.059 for the PA
(Figure 5.D-18). The minimum value of negative water velocity (ft/s) for the NAA was -0.669
and -0.667 for the PA while the maximum value was -0.001 and 0 for the PA (Figure 5.D-18).

In the month of May during above normal water years, the median negative water velocity was
predicted to be 7% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-18). Median negative water velocity (ft/s) was -0.15 for the NAA and -0.14 for the PA
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(Figure 5.D-18). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.269 and -0.255 for the PA while the 75th percentile value was -0.067 and -0.064 for the PA
(Figure 5.D-18). The minimum value of negative water velocity (ft/s) for the NAA was -0.76 and
-0.772 for the PA while the maximum value was 0 and 0 for the PA (Figure 5.D-18).

Below Normal Water Years

In the month of June during above normal water years, the median negative water velocity was
predicted to be 23% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-18). Median negative water velocity (ft/s) was -0.202 for the NAA and -0.156 for the PA
(Figure 5.D-18). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.368 and -0.288 for the PA while the 75th percentile value was -0.086 and -0.072 for the PA
(Figure 5.D-18). The minimum value of negative water velocity (ft/s) for the NAA was -0.879
and -0.756 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-18).

In the month of December during below normal water years, the median negative water velocity
was predicted to be 9% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-18). Median negative water velocity (ft/s) was -0.254 for the NAA and -0.231 for the PA
(Figure 5.D-18). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.535 and -0.464 for the PA while the 75th percentile value was -0.11 and -0.1 for the PA
(Figure 5.D-18). The minimum value of negative water velocity (ft/s) for the NAA was -1.051
and -1.041 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-18).

In the month of March during below normal water years, the median negative water velocity was
predicted to be 9% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-18). Median negative water velocity (ft/s) was -0.126 for the NAA and -0.114 for the PA
(Figure 5.D-18). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.219 and -0.216 for the PA while the 75th percentile value was -0.051 and -0.048 for the PA
(Figure 5.D-18). The minimum value of negative water velocity (ft/s) for the NAA was -0.454
and -0.487 for the PA while the maximum value was -0.001 and O for the PA (Figure 5.D-18).

In the month of May during below normal water years, the median negative water velocity was
predicted to be 7% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-18). Median negative water velocity (ft/s) was -0.15 for the NAA and -0.16 for the PA
(Figure 5.D-18). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.28 and -0.273 for the PA while the 75th percentile value was -0.067 and -0.074 for the PA
(Figure 5.D-18). The minimum value of negative water velocity (ft/s) for the NAA was -0.612
and -0.613 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-18).

Dry Water Years

In the month of December during dry water years, the median negative water velocity was
predicted to be 14% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-18). Median negative water velocity (ft/s) was -0.233 for the NAA and -0.2 for the PA
(Figure 5.D-18). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.42 and -0.372 for the PA while the 75th percentile value was -0.106 and -0.089 for the PA
(Figure 5.D-18). The minimum value of negative water velocity (ft/s) for the NAA was -1.099
and -1.083 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-18).
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In the month of April during dry water years, the median negative water velocity was predicted
to be 6% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-18). Median
negative water velocity (ft/s) was -0.194 for the NAA and -0.182 for the PA (Figure 5.D-18).
The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.337 and -0.316 for
the PA while the 75th percentile value was -0.089 and -0.084 for the PA (Figure 5.D-18). The
minimum value of negative water velocity (ft/s) for the NAA was -0.722 and -0.712 for the PA
while the maximum value was 0 and 0 for the PA (Figure 5.D-18).

In the month of May during dry water years, the median negative water velocity was predicted to
be 6% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-18). Median
negative water velocity (ft/s) was -0.168 for the NAA and -0.158 for the PA (Figure 5.D-18).
The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.294 and -0.266 for
the PA while the 75th percentile value was -0.074 and -0.07 for the PA (Figure 5.D-18). The
minimum value of negative water velocity (ft/s) for the NAA was -0.851 and -0.847 for the PA
while the maximum value was 0 and 0 for the PA (Figure 5.D-18).

Critical Water Years

In the month of January during critical water years, the median negative water velocity was
predicted to be 35% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-18). Median negative water velocity (ft/s) was -0.224 for the NAA and -0.146 for the PA
(Figure 5.D-18). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.401 and -0.294 for the PA while the 75th percentile value was -0.095 and -0.053 for the PA
(Figure 5.D-18). The minimum value of negative water velocity (ft/s) for the NAA was -0.921
and -0.637 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-18).

In the month of February during critical water years, the median negative water velocity was
predicted to be 21% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-18). Median negative water velocity (ft/s) was -0.155 for the NAA and -0.188 for the PA
(Figure 5.D-18). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.274 and -0.318 for the PA while the 75th percentile value was -0.077 and -0.088 for the PA
(Figure 5.D-18). The minimum value of negative water velocity (ft/s) for the NAA was -0.646
and -0.732 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-18).

In the month of March during critical water years, the median negative water velocity was
predicted to be 8% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-18). Median negative water velocity (ft/s) was -0.183 for the NAA and -0.169 for the PA
(Figure 5.D-18). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.325 and -0.284 for the PA while the 75th percentile value was -0.085 and -0.076 for the PA
(Figure 5.D-18). The minimum value of negative water velocity (ft/s) for the NAA was -0.812
and -0.721 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-18).

Biological Assessment for the 5 D-128 July 2016
California WaterFix : ICF 00237.15



Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

- I 1
-0.25 —3 B _‘j _‘:‘ .
I b L
0504 1 ! | =
P , i =
ors || |
1.00
0.25 = ‘H ﬁ _’_ >
o
g
0.50 - e ;
R
0.75 - [ | ! g
H i -
R
= 0.00 - —
L. L R g B R e R,
?); : = H ‘ 2 Scenario
= -0.50 - ' i H  — NAA
% (I - Lo o g =5 pA
= .0.75 P i 3 e
[<}] ' i W
=2,
T -1.00 |
o
%3 0.00 ] | L1 | | .
-0.25 - 4‘j L . _E = ‘ _E . .
-0.50 i i P I | i QD
: ' I |
0.75 = ; i
1.00 ! '
0.00 | | |
@)
0.50 =
. [¢]
Yo | [ o
i i
-1.00 L i ! :
I | | | | I I
Dec Jan Feb Mar Apr May Jun
Month

Figure 5.D-18. Velocity of flow entering the interior delta at channel 418, Sacramento River downstream of
proposed diversions, during the 82-year CALSIM period. Comparisons between the NAA (NAA) and the PA
(PA) were performed for the months of October through June. Plus symbol indicates median, box represents
the interquartile range, and the whiskers represent the minimum and maximum values.
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5.D0.1.2.1.2.1.2.9  Channel 421, Sacramento River upstream of Georgiana Slough

Wet Water Years

In the month of December during wet water years, the median negative water velocity was
predicted to be 8% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-19). Median negative water velocity (ft/s) was -0.074 for the NAA and -0.08 for the PA
(Figure 5.D-19). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.128 and -0.161 for the PA while the 75th percentile value was -0.036 and -0.03 for the PA
(Figure 5.D-19). The minimum value of negative water velocity (ft/s) for the NAA was -0.682
and -0.697 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-19).

In the month of January during wet water years, the median negative water velocity was
predicted to be 14% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-19). Median negative water velocity (ft/s) was -0.061 for the NAA and -0.052 for the PA
(Figure 5.D-19). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.089 and -0.104 for the PA while the 75th percentile value was -0.033 and -0.014 for the PA
(Figure 5.D-19). The minimum value of negative water velocity (ft/s) for the NAA was -0.202
and -0.21 for the PA while the maximum value was -0.001 and O for the PA (Figure 5.D-19).

In the month of May during wet water years, the median negative water velocity was predicted to
be 33% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-19). Median
negative water velocity (ft/s) was -0.111 for the NAA and -0.147 for the PA (Figure 5.D-19).
The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.188 and -0.251 for
the PA while the 75th percentile value was -0.047 and -0.065 for the PA (Figure 5.D-19). The
minimum value of negative water velocity (ft/s) for the NAA was -0.442 and -0.567 for the PA
while the maximum value was -0.001 and O for the PA (Figure 5.D-19).

Above Normal Water Years

In the month of January during above normal water years, the median negative water velocity
was predicted to be 78% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-19). Median negative water velocity (ft/s) was -0.047 for the NAA and -0.084 for the PA
(Figure 5.D-19). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.069 and -0.128 for the PA while the 75th percentile value was -0.032 and -0.035 for the PA
(Figure 5.D-19). The minimum value of negative water velocity (ft/s) for the NAA was -0.088
and -0.251 for the PA while the maximum value was -0.003 and O for the PA (Figure 5.D-19).

In the month of February during above normal water years, the median negative water velocity
was predicted to be 22% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-19). Median negative water velocity (ft/s) was -0.179 for the NAA and -0.139 for the PA
(Figure 5.D-19). The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.4
and -0.366 for the PA while the 75th percentile value was -0.063 and -0.056 for the PA (Figure
5.D-19). The minimum value of negative water velocity (ft/s) for the NAA was -0.745 and -
0.758 for the PA while the maximum value was -0.002 and 0 for the PA (Figure 5.D-19).

In the month of April during above normal water years, the median negative water velocity was
predicted to be 12% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-19). Median negative water velocity (ft/s) was -0.156 for the NAA and -0.137 for the PA
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(Figure 5.D-19). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.251 and -0.257 for the PA while the 75th percentile value was -0.061 and -0.044 for the PA

(Figure 5.D-19). The minimum value of negative water velocity (ft/s) for the NAA was -0.517
and -0.544 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-19).

In the month of May during above normal water years, the median negative water velocity was
predicted to be 29% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-19). Median negative water velocity (ft/s) was -0.11 for the NAA and -0.142 for the PA
(Figure 5.D-19). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.192 and -0.234 for the PA while the 75th percentile value was -0.049 and -0.067 for the PA
(Figure 5.D-19). The minimum value of negative water velocity (ft/s) for the NAA was -0.622
and -0.701 for the PA while the maximum value was 0 and -0.001 for the PA (Figure 5.D-19).

In the month of June during above normal water years, the median negative water velocity was
predicted to be 21% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-19). Median negative water velocity (ft/s) was -0.186 for the NAA and -0.147 for the PA
(Figure 5.D-19). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.311 and -0.274 for the PA while the 75th percentile value was -0.091 and -0.066 for the PA
(Figure 5.D-19). The minimum value of negative water velocity (ft/s) for the NAA was -0.774
and -0.663 for the PA while the maximum value was 0 and -0.001 for the PA (Figure 5.D-19).

Below Normal Water Years

In the month of December during below normal water years, the median negative water velocity
was predicted to be 18% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-19). Median negative water velocity (ft/s) was -0.218 for the NAA and -0.179 for the PA
(Figure 5.D-19). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.48 and -0.414 for the PA while the 75th percentile value was -0.086 and -0.08 for the PA
(Figure 5.D-19). The minimum value of negative water velocity (ft/s) for the NAA was -0.991
and -1.012 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-19).

In the month of February during below normal water years, the median negative water velocity
was predicted to be 8% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-19). Median negative water velocity (ft/s) was -0.304 for the NAA and -0.278 for the PA
(Figure 5.D-19). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.469 and -0.461 for the PA while the 75th percentile value was -0.148 and -0.117 for the PA
(Figure 5.D-19). The minimum value of negative water velocity (ft/s) for the NAA was -0.73 and
-0.751 for the PA while the maximum value was -0.001 and 0 for the PA (Figure 5.D-19).

In the month of March during below normal water years, the median negative water velocity was
predicted to be 9% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-19). Median negative water velocity (ft/s) was -0.088 for the NAA and -0.096 for the PA
(Figure 5.D-19). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.15 and -0.17 for the PA while the 75th percentile value was -0.032 and -0.045 for the PA
(Figure 5.D-19). The minimum value of negative water velocity (ft/s) for the NAA was -0.338
and -0.395 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-19).
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In the month of April during below normal water years, the median negative water velocity was
predicted to be 21% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-19). Median negative water velocity (ft/s) was -0.133 for the NAA and -0.161 for the PA
(Figure 5.D-19). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.255 and -0.283 for the PA while the 75th percentile value was -0.054 and -0.063 for the PA
(Figure 5.D-19). The minimum value of negative water velocity (ft/s) for the NAA was -0.692
and -0.706 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-19).

In the month of May during below normal water years, the median negative water velocity was
predicted to be 27% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-19). Median negative water velocity (ft/s) was -0.115 for the NAA and -0.146 for the PA
(Figure 5.D-19). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.207 and -0.247 for the PA while the 75th percentile value was -0.056 and -0.068 for the PA
(Figure 5.D-19). The minimum value of negative water velocity (ft/s) for the NAA was -0.474
and -0.535 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-19).

In the month of June during below normal water years, the median negative water velocity was
predicted to be 18% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-19). Median negative water velocity (ft/s) was -0.113 for the NAA and -0.133 for the PA
(Figure 5.D-19). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.195 and -0.219 for the PA while the 75th percentile value was -0.055 and -0.062 for the PA
(Figure 5.D-19). The minimum value of negative water velocity (ft/s) for the NAA was -0.489
and -0.487 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-19).

Dry Water Years

In the month of December during dry water years, the median negative water velocity was
predicted to be 10% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-19). Median negative water velocity (ft/s) was -0.178 for the NAA and -0.161 for the PA
(Figure 5.D-19). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.324 and -0.302 for the PA while the 75th percentile value was -0.08 and -0.073 for the PA
(Figure 5.D-19). The minimum value of negative water velocity (ft/s) for the NAA was -1.006
and -1.029 for the PA while the maximum value was 0 and 0 for the PA (Figure 5.D-19).

In the month of February during dry water years, the median negative water velocity was
predicted to be 11% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-19). Median negative water velocity (ft/s) was -0.106 for the NAA and -0.118 for the PA
(Figure 5.D-19). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.169 and -0.189 for the PA while the 75th percentile value was -0.049 and -0.057 for the PA
(Figure 5.D-19). The minimum value of negative water velocity (ft/s) for the NAA was -0.497
and -0.49 for the PA while the maximum value was 0 and 0 for the PA (Figure 5.D-19).

In the month of March during dry water years, the median negative water velocity was predicted
to be 18% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-19).
Median negative water velocity (ft/s) was -0.077 for the NAA and -0.092 for the PA (Figure
5.D-19). The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.148 and -
0.165 for the PA while the 75th percentile value was -0.035 and -0.043 for the PA (Figure
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5.D-19). The minimum value of negative water velocity (ft/s) for the NAA was -0.427 and -0.46
for the PA while the maximum value was 0 and O for the PA (Figure 5.D-19).

In the month of April during dry water years, the median negative water velocity was predicted
to be 5% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-19). Median
negative water velocity (ft/s) was -0.149 for the NAA and -0.157 for the PA (Figure 5.D-19).
The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.25 and -0.267 for
the PA while the 75th percentile value was -0.069 and -0.07 for the PA (Figure 5.D-19). The
minimum value of negative water velocity (ft/s) for the NAA was -0.603 and -0.612 for the PA
while the maximum value was 0 and 0 for the PA (Figure 5.D-19).

In the month of May during dry water years, the median negative water velocity was predicted to
be 16% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-19). Median
negative water velocity (ft/s) was -0.125 for the NAA and -0.145 for the PA (Figure 5.D-19).
The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.218 and -0.245 for
the PA while the 75th percentile value was -0.056 and -0.065 for the PA (Figure 5.D-19). The
minimum value of negative water velocity (ft/s) for the NAA was -0.7 and -0.728 for the PA
while the maximum value was 0 and 0 for the PA (Figure 5.D-19).

In the month of June during dry water years, the median negative water velocity was predicted to
be 12% lower for the NAA relative to the PA over the 82 water years (Figure 5.D-19). Median
negative water velocity (ft/s) was -0.162 for the NAA and -0.142 for the PA (Figure 5.D-19).
The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.277 and -0.273 for
the PA while the 75th percentile value was -0.069 and -0.064 for the PA (Figure 5.D-19). The
minimum value of negative water velocity (ft/s) for the NAA was -0.551 and -0.596 for the PA
while the maximum value was 0 and 0 for the PA (Figure 5.D-19).

Critical Water Years

In the month of January during critical water years, the median negative water velocity was
predicted to be 33% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-19). Median negative water velocity (ft/s) was -0.163 for the NAA and -0.108 for the PA
(Figure 5.D-19). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.303 and -0.221 for the PA while the 75th percentile value was -0.075 and -0.037 for the PA
(Figure 5.D-19). The minimum value of negative water velocity (ft/s) for the NAA was -0.765
and -0.507 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-19).

In the month of February during critical water years, the median negative water velocity was
predicted to be 35% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-19). Median negative water velocity (ft/s) was -0.113 for the NAA and -0.152 for the PA
(Figure 5.D-19). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.195 and -0.245 for the PA while the 75th percentile value was -0.059 and -0.075 for the PA
(Figure 5.D-19). The minimum value of negative water velocity (ft/s) for the NAA was -0.508
and -0.591 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-19).

In the month of April during critical water years, the median negative water velocity was
predicted to be 15% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-19). Median negative water velocity (ft/s) was -0.122 for the NAA and -0.139 for the PA
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(Figure 5.D-19). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.213 and -0.246 for the PA while the 75th percentile value was -0.057 and -0.066 for the PA

(Figure 5.D-19). The minimum value of negative water velocity (ft/s) for the NAA was -0.696
and -0.712 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-19).

In the month of May during critical water years, the median negative water velocity was
predicted to be 7% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-19). Median negative water velocity (ft/s) was -0.219 for the NAA and -0.234 for the PA
(Figure 5.D-19). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.359 and -0.381 for the PA while the 75th percentile value was -0.106 and -0.117 for the PA
(Figure 5.D-19). The minimum value of negative water velocity (ft/s) for the NAA was -0.858
and -0.861 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-19).
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Figure 5.D-19. Velocity of flow entering the interior delta at channel 421, Sacramento River upstream of
Georgiana Slough, during the 82-year CALSIM period. Comparisons between the NAA (NAA) and the PA
(PA) were performed for the months of October through June. Plus symbol indicates median, box represents
the interquartile range, and the whiskers represent the minimum and maximum values.
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5.D0.1.2.1.2.1.2.10 Channel 423, Sacramento River downstream of Georgiana Slough

Wet Water Years

In the month of March during wet water years, the median negative water velocity was predicted
to be 98% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-20).
Median negative water velocity (ft/s) was -0.144 for the NAA and -0.286 for the PA (Figure
5.D-20). The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.256 and -
0.463 for the PA while the 75th percentile value was -0.071 and -0.135 for the PA (Figure
5.D-20). The minimum value of negative water velocity (ft/s) for the NAA was -0.575 and -
0.918 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-20).

In the month of April during wet water years, the median negative water velocity was predicted
to be 7% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-20). Median
negative water velocity (ft/s) was -0.317 for the NAA and -0.338 for the PA (Figure 5.D-20).
The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.493 and -0.528 for
the PA while the 75th percentile value was -0.151 and -0.167 for the PA (Figure 5.D-20). The
minimum value of negative water velocity (ft/s) for the NAA was -1.082 and -1.096 for the PA
while the maximum value was 0 and 0 for the PA (Figure 5.D-20).

In the month of May during wet water years, the median negative water velocity was predicted to
be 8% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-20). Median
negative water velocity (ft/s) was -0.356 for the NAA and -0.384 for the PA (Figure 5.D-20).
The 25th percentile value of negative water velocity (ft/s) for the NAA was -0.564 and -0.608 for
the PA while the 75th percentile value was -0.182 and -0.197 for the PA (Figure 5.D-20). The
minimum value of negative water velocity (ft/s) for the NAA was -1.072 and -1.227 for the PA
while the maximum value was 0 and 0 for the PA (Figure 5.D-20).

In the month of June during wet water years, the median negative water velocity was predicted to
be 6% higher for the NAA relative to the PA over the 82 water years (Figure 5.D-20). Median
negative water velocity (ft/s) was -0.545 for the NAA and -0.58 for the PA (Figure 5.D-20). The
25th percentile value of negative water velocity (ft/s) for the NAA was -0.755 and -0.762 for the
PA while the 75th percentile value was -0.315 and -0.348 for the PA (Figure 5.D-20). The
minimum value of negative water velocity (ft/s) for the NAA was -1.313 and -1.344 for the PA
while the maximum value was 0 and 0 for the PA (Figure 5.D-20).

Above Normal Water Years

In the month of February during above normal water years, the median negative water velocity
was predicted to be 14% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-20). Median negative water velocity (ft/s) was -0.467 for the NAA and -0.402 for the PA
(Figure 5.D-20). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.695 and -0.623 for the PA while the 75th percentile value was -0.237 and -0.2 for the PA
(Figure 5.D-20). The minimum value of negative water velocity (ft/s) for the NAA was -1.218
and -1.227 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-20).

In the month of March during above normal water years, the median negative water velocity was
predicted to be 25% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-20). Median negative water velocity (ft/s) was -0.213 for the NAA and -0.268 for the PA
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(Figure 5.D-20). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.357 and -0.431 for the PA while the 75th percentile value was -0.105 and -0.131 for the PA
(Figure 5.D-20). The minimum value of negative water velocity (ft/s) for the NAA was -0.64 and
-0.988 for the PA while the maximum value was -0.001 and 0 for the PA (Figure 5.D-20).

In the month of April during above normal water years, the median negative water velocity was
predicted to be 7% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-20). Median negative water velocity (ft/s) was -0.312 for the NAA and -0.333 for the PA
(Figure 5.D-20). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.494 and -0.539 for the PA while the 75th percentile value was -0.153 and -0.164 for the PA
(Figure 5.D-20). The minimum value of negative water velocity (ft/s) for the NAA was -1.165
and -1.173 for the PA while the maximum value was 0 and 0 for the PA (Figure 5.D-20).

In the month of May during above normal water years, the median negative water velocity was
predicted to be 7% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-20). Median negative water velocity (ft/s) was -0.377 for the NAA and -0.403 for the PA
(Figure 5.D-20). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.582 and -0.641 for the PA while the 75th percentile value was -0.199 and -0.214 for the PA
(Figure 5.D-20). The minimum value of negative water velocity (ft/s) for the NAA was -1.202
and -1.305 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-20).

In the month of June during above normal water years, the median negative water velocity was
predicted to be 6% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-20). Median negative water velocity (ft/s) was -0.576 for the NAA and -0.61 for the PA
(Figure 5.D-20). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.765 and -0.779 for the PA while the 75th percentile value was -0.345 and -0.376 for the PA
(Figure 5.D-20). The minimum value of negative water velocity (ft/s) for the NAA was -1.269
and -1.321 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-20).

Below Normal Water Years

In the month of December during below normal water years, the median negative water velocity
was predicted to be 7% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-20). Median negative water velocity (ft/s) was -0.449 for the NAA and -0.479 for the PA
(Figure 5.D-20). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.687 and -0.708 for the PA while the 75th percentile value was -0.231 and -0.273 for the PA
(Figure 5.D-20). The minimum value of negative water velocity (ft/s) for the NAA was -1.359
and -1.361 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-20).

In the month of February during below normal water years, the median negative water velocity
was predicted to be 5% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-20). Median negative water velocity (ft/s) was -0.354 for the NAA and -0.372 for the PA
(Figure 5.D-20). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.598 and -0.583 for the PA while the 75th percentile value was -0.178 and -0.197 for the PA
(Figure 5.D-20). The minimum value of negative water velocity (ft/s) for the NAA was -1.184
and -1.188 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-20).
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In the month of March during below normal water years, the median negative water velocity was
predicted to be 10% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-20). Median negative water velocity (ft/s) was -0.329 for the NAA and -0.363 for the PA
(Figure 5.D-20). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.517 and -0.562 for the PA while the 75th percentile value was -0.163 and -0.176 for the PA
(Figure 5.D-20). The minimum value of negative water velocity (ft/s) for the NAA was -0.943
and -1.087 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-20).

In the month of April during below normal water years, the median negative water velocity was
predicted to be 7% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-20). Median negative water velocity (ft/s) was -0.385 for the NAA and -0.412 for the PA
(Figure 5.D-20). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.588 and -0.609 for the PA while the 75th percentile value was -0.211 and -0.227 for the PA
(Figure 5.D-20). The minimum value of negative water velocity (ft/s) for the NAA was -1.257
and -1.262 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-20).

Dry Water Years

In the month of January during dry water years, the median negative water velocity was
predicted to be 9% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-20). Median negative water velocity (ft/s) was -0.389 for the NAA and -0.426 for the PA
(Figure 5.D-20). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.588 and -0.612 for the PA while the 75th percentile value was -0.209 and -0.229 for the PA
(Figure 5.D-20). The minimum value of negative water velocity (ft/s) for the NAA was -1.164
and -1.175 for the PA while the maximum value was 0 and 0 for the PA (Figure 5.D-20).

In the month of February during dry water years, the median negative water velocity was
predicted to be 12% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-20). Median negative water velocity (ft/s) was -0.329 for the NAA and -0.369 for the PA
(Figure 5.D-20). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.508 and -0.555 for the PA while the 75th percentile value was -0.173 and -0.192 for the PA
(Figure 5.D-20). The minimum value of negative water velocity (ft/s) for the NAA was -1.027
and -1.025 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-20).

Critical Water Years

In the month of February during critical water years, the median negative water velocity was
predicted to be 16% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-20). Median negative water velocity (ft/s) was -0.373 for the NAA and -0.432 for the PA
(Figure 5.D-20). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.546 and -0.625 for the PA while the 75th percentile value was -0.199 and -0.235 for the PA
(Figure 5.D-20). The minimum value of negative water velocity (ft/s) for the NAA was -1.068
and -1.144 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-20).

In the month of March during critical water years, the median negative water velocity was
predicted to be 6% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-20). Median negative water velocity (ft/s) was -0.435 for the NAA and -0.463 for the PA
(Figure 5.D-20). The 25th percentile value of negative water velocity (ft/s) for the NAA was -
0.626 and -0.671 for the PA while the 75th percentile value was -0.246 and -0.264 for the PA
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(Figure 5.D-20). The minimum value of negative water velocity (ft/s) for the NAA was -1.237
and -1.206 for the PA while the maximum value was 0 and O for the PA (Figure 5.D-20).
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Figure 5.D-20. Velocity of flow entering the interior delta at channel 423, Sacramento River downstream of
Georgiana Slough, during the 82-year CALSIM period. Comparisons between the NAA (NAA) and the PA
(PA) were performed for the months of October through June. Plus symbol indicates median, box represents
the interquartile range, and the whiskers represent the minimum and maximum values.
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5.D0.1.2.1.213 Daily Proportion of Negative Velocity
5.D0.1.2.1.2.1.3.1  Channel 21, San Joaquin River downstream of the head of Old River

Wet Water Years

In the month of January during wet water years, the median daily proportion negative velocity
was predicted to be 31% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-21). Median daily proportion negative velocity was 0.365 for the NAA and 0.25 for the PA
(Figure 5.D-21). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0.073 and 0.031 for the PA while the 75th percentile value was 0.438 and 0.406 for the PA
(Figure 5.D-21). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0 for the PA while the maximum value was 0.49 and 0.479 for the PA (Figure 5.D-21).

In the month of February during wet water years, the median daily proportion negative velocity
was predicted to be 62% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-21). Median daily proportion negative velocity was 0.219 for the NAA and 0.083 for the PA
(Figure 5.D-21). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0 and 0 for the PA while the 75th percentile value was 0.385 and 0.271 for the PA (Figure
5.D-21). The minimum value of the daily proportion negative velocity for the NAA was 0 and 0
for the PA while the maximum value was 0.5 and 0.458 for the PA (Figure 5.D-21).

In the month of March during wet water years, the median daily proportion negative velocity was
predicted to be 62% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-21). Median daily proportion negative velocity was 0.167 for the NAA and 0.062 for the PA
(Figure 5.D-21). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0 and 0 for the PA while the 75th percentile value was 0.365 and 0.198 for the PA (Figure
5.D-21). The minimum value of the daily proportion negative velocity for the NAA was 0 and 0
for the PA while the maximum value was 0.5 and 0.469 for the PA (Figure 5.D-21).

In the month of April during wet water years, the median daily proportion negative velocity was
predicted to be 60% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-21). Median daily proportion negative velocity was 0.234 for the NAA and 0.094 for the PA
(Figure 5.D-21). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0.021 and 0.01 for the PA while the 75th percentile value was 0.375 and 0.229 for the PA
(Figure 5.D-21). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0O for the PA while the maximum value was 0.469 and 0.417 for the PA (Figure 5.D-21).

In the month of May during wet water years, the median daily proportion negative velocity was
predicted to be 54% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-21). Median daily proportion negative velocity was 0.292 for the NAA and 0.135 for the PA
(Figure 5.D-21). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0.021 and 0.021 for the PA while the 75th percentile value was 0.406 and 0.312 for the PA
(Figure 5.D-21). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0 for the PA while the maximum value was 0.469 and 0.406 for the PA (Figure 5.D-21).

In the month of June during wet water years, the median daily proportion negative velocity was
predicted to be 16% higher for the NAA relative to the PA over the 82 water years (Figure
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5.D-21). Median daily proportion negative velocity was 0.385 for the NAA and 0.323 for the PA
(Figure 5.D-21). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0.094 and 0.062 for the PA while the 75th percentile value was 0.438 and 0.427 for the PA
(Figure 5.D-21). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0O for the PA while the maximum value was 0.5 and 0.49 for the PA (Figure 5.D-21).

Above Normal Water Years

In the month of January during above normal water years, the median daily proportion negative
velocity was predicted to be 7% higher for the NAA relative to the PA over the 82 water years
(Figure 5.D-21). Median daily proportion negative velocity was 0.438 for the NAA and 0.406 for
the PA (Figure 5.D-21). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.375 and 0.26 for the PA while the 75th percentile value was 0.458 and 0.438 for
the PA (Figure 5.D-21). The minimum value of the daily proportion negative velocity for the
NAA was 0 and 0 for the PA while the maximum value was 0.49 and 0.479 for the PA (Figure
5.D-21).

In the month of February during above normal water years, the median daily proportion negative
velocity was predicted to be 18% higher for the NAA relative to the PA over the 82 water years
(Figure 5.D-21). Median daily proportion negative velocity was 0.406 for the NAA and 0.333 for
the PA (Figure 5.D-21). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.292 and 0.125 for the PA while the 75th percentile value was 0.448 and 0.406
for the PA (Figure 5.D-21). The minimum value of the daily proportion negative velocity for the
NAA was 0 and 0 for the PA while the maximum value was 0.5 and 0.5 for the PA (Figure
5.D-21).

In the month of March during above normal water years, the median daily proportion negative
velocity was predicted to be 34% higher for the NAA relative to the PA over the 82 water years
(Figure 5.D-21). Median daily proportion negative velocity was 0.396 for the NAA and 0.26 for
the PA (Figure 5.D-21). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.271 and 0.083 for the PA while the 75th percentile value was 0.438 and 0.396
for the PA (Figure 5.D-21). The minimum value of the daily proportion negative velocity for the
NAA was 0 and 0 for the PA while the maximum value was 0.49 and 0.448 for the PA (Figure
5.D-21).

In the month of April during above normal water years, the median daily proportion negative
velocity was predicted to be 26% higher for the NAA relative to the PA over the 82 water years
(Figure 5.D-21). Median daily proportion negative velocity was 0.396 for the NAA and 0.292 for
the PA (Figure 5.D-21). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.344 and 0.177 for the PA while the 75th percentile value was 0.417 and 0.365
for the PA (Figure 5.D-21). The minimum value of the daily proportion negative velocity for the
NAA was 0 and 0 for the PA while the maximum value was 0.469 and 0.438 for the PA (Figure
5.D-21).

In the month of May during above normal water years, the median daily proportion negative
velocity was predicted to be 21% higher for the NAA relative to the PA over the 82 water years
(Figure 5.D-21). Median daily proportion negative velocity was 0.406 for the NAA and 0.323 for
the PA (Figure 5.D-21). The 25th percentile value of the daily proportion negative velocity for
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the NAA was 0.375 and 0.219 for the PA while the 75th percentile value was 0.427 and 0.38 for
the PA (Figure 5.D-21). The minimum value of the daily proportion negative velocity for the
NAA was 0 and 0 for the PA while the maximum value was 0.479 and 0.448 for the PA (Figure
5.D-21).

Below Normal Water Years

In the month of January during below normal water years, the median daily proportion negative
velocity was predicted to be 7% higher for the NAA relative to the PA over the 82 water years
(Figure 5.D-21). Median daily proportion negative velocity was 0.458 for the NAA and 0.427 for
the PA (Figure 5.D-21). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.438 and 0.396 for the PA while the 75th percentile value was 0.469 and 0.448
for the PA (Figure 5.D-21). The minimum value of the daily proportion negative velocity for the
NAA was 0.073 and 0 for the PA while the maximum value was 0.51 and 0.5 for the PA (Figure
5.D-21).

In the month of February during below normal water years, the median daily proportion negative
velocity was predicted to be 10% higher for the NAA relative to the PA over the 82 water years
(Figure 5.D-21). Median daily proportion negative velocity was 0.438 for the NAA and 0.396 for
the PA (Figure 5.D-21). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.406 and 0.312 for the PA while the 75th percentile value was 0.458 and 0.438
for the PA (Figure 5.D-21). The minimum value of the daily proportion negative velocity for the
NAA was 0 and 0 for the PA while the maximum value was 0.49 and 0.479 for the PA (Figure
5.D-21).

In the month of March during below normal water years, the median daily proportion negative
velocity was predicted to be 10% higher for the NAA relative to the PA over the 82 water years
(Figure 5.D-21). Median daily proportion negative velocity was 0.438 for the NAA and 0.396 for
the PA (Figure 5.D-21). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.406 and 0.312 for the PA while the 75th percentile value was 0.458 and 0.438
for the PA (Figure 5.D-21). The minimum value of the daily proportion negative velocity for the
NAA was 0.073 and O for the PA while the maximum value was 0.5 and 0.479 for the PA
(Figure 5.D-21).

In the month of April during below normal water years, the median daily proportion negative
velocity was predicted to be 10% higher for the NAA relative to the PA over the 82 water years
(Figure 5.D-21). Median daily proportion negative velocity was 0.427 for the NAA and 0.385 for
the PA (Figure 5.D-21). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.396 and 0.271 for the PA while the 75th percentile value was 0.448 and 0.406
for the PA (Figure 5.D-21). The minimum value of the daily proportion negative velocity for the
NAA was 0.135 and 0 for the PA while the maximum value was 0.479 and 0.448 for the PA
(Figure 5.D-21).

In the month of May during below normal water years, the median daily proportion negative
velocity was predicted to be 10% higher for the NAA relative to the PA over the 82 water years
(Figure 5.D-21). Median daily proportion negative velocity was 0.438 for the NAA and 0.396 for
the PA (Figure 5.D-21). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.406 and 0.312 for the PA while the 75th percentile value was 0.458 and 0.417
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for the PA (Figure 5.D-21). The minimum value of the daily proportion negative velocity for the
NAA was 0.271 and 0.135 for the PA while the maximum value was 0.49 and 0.469 for the PA
(Figure 5.D-21).

Dry Water Years

In the month of February during dry water years, the median daily proportion negative velocity
was predicted to be 7% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-21). Median daily proportion negative velocity was 0.458 for the NAA and 0.427 for the PA
(Figure 5.D-21). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0.438 and 0.396 for the PA while the 75th percentile value was 0.469 and 0.448 for the PA
(Figure 5.D-21). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0 for the PA while the maximum value was 0.5 and 0.479 for the PA (Figure 5.D-21).

In the month of April during dry water years, the median daily proportion negative velocity was
predicted to be 7% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-21). Median daily proportion negative velocity was 0.448 for the NAA and 0.417 for the PA
(Figure 5.D-21). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0.417 and 0.354 for the PA while the 75th percentile value was 0.458 and 0.438 for the PA
(Figure 5.D-21). The minimum value of the daily proportion negative velocity for the NAA was
0.021 and 0 for the PA while the maximum value was 0.49 and 0.479 for the PA (Figure
5.D-21).
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Figure 5.D-21. Daily proportion of negative velocity entering the interior at delta channel 21, the San Joaquin
River downstream of the head of Old River, during the 82-year CALSIM period. Comparisons between the
NAA (NAA) and the PA (PA) were performed for the months of October through June. Plus symbol indicates
median, box represents the interquartile range, and the whiskers represent the minimum and maximum
values.
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5.D0.1.2.1.2.1.3.2  Channel 45, San Joaquin River near the confluence with the Mokelumne
River

All Water Years

In all months of all years, the median daily proportion of negative velocity was predicted to be
less than 5% different between the NAA and the PA over the 82 water years (Figure 5.D-22).
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Figure 5.D-22. Daily proportion of negative velocity entering the interior at delta channel 45, the San Joaquin
River near the confluence with the Mokelumne River, during the 82-year CALSIM period. Comparisons
between the NAA (NAA) and the PA (PA) were performed for the months of October through June. Plus
symbol indicates median, box represents the interquartile range, and the whiskers represent the minimum

and maximum values.
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Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

5.D.1.2.1.2.1.3.3  Channel 94, Old River downstream of the facilities

Wet Water Years

In the month of January during wet water years, the median daily proportion negative velocity
was predicted to be 8% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-23). Median daily proportion negative velocity was 0.531 for the NAA and 0.49 for the PA
(Figure 5.D-23). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0.49 and 0.438 for the PA while the 75th percentile value was 0.552 and 0.521 for the PA
(Figure 5.D-23). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0O for the PA while the maximum value was 0.823 and 0.708 for the PA (Figure 5.D-23).

In the month of February during wet water years, the median daily proportion negative velocity
was predicted to be 16% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-23). Median daily proportion negative velocity was 0.531 for the NAA and 0.448 for the PA
(Figure 5.D-23). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0.469 and 0.365 for the PA while the 75th percentile value was 0.562 and 0.479 for the PA
(Figure 5.D-23). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0 for the PA while the maximum value was 0.792 and 0.542 for the PA (Figure 5.D-23).

In the month of March during wet water years, the median daily proportion negative velocity was
predicted to be 18% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-23). Median daily proportion negative velocity was 0.531 for the NAA and 0.438 for the PA
(Figure 5.D-23). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0.448 and 0.333 for the PA while the 75th percentile value was 0.562 and 0.479 for the PA
(Figure 5.D-23). The minimum value of the daily proportion negative velocity for the NAA was
0 and O for the PA while the maximum value was 0.771 and 0.531 for the PA (Figure 5.D-23).

In the month of June during wet water years, the median daily proportion negative velocity was
predicted to be 10% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-23). Median daily proportion negative velocity was 0.531 for the NAA and 0.479 for the PA
(Figure 5.D-23). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0.51 and 0.438 for the PA while the 75th percentile value was 0.552 and 0.51 for the PA
(Figure 5.D-23). The minimum value of the daily proportion negative velocity for the NAA was
0.292 and 0.073 for the PA while the maximum value was 0.646 and 0.583 for the PA (Figure
5.D-23).

Above Normal Water Years

In the month of February during above normal water years, the median daily proportion negative
velocity was predicted to be 6% higher for the NAA relative to the PA over the 82 water years
(Figure 5.D-23). Median daily proportion negative velocity was 0.531 for the NAA and 0.5 for
the PA (Figure 5.D-23). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.5 and 0.469 for the PA while the 75th percentile value was 0.562 and 0.521 for
the PA (Figure 5.D-23). The minimum value of the daily proportion negative velocity for the
NAA was 0.052 and 0 for the PA while the maximum value was 0.677 and 0.646 for the PA
(Figure 5.D-23).
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In the month of March during above normal water years, the median daily proportion negative
velocity was predicted to be 13% higher for the NAA relative to the PA over the 82 water years
(Figure 5.D-23). Median daily proportion negative velocity was 0.542 for the NAA and 0.469 for
the PA (Figure 5.D-23). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.531 and 0.438 for the PA while the 75th percentile value was 0.562 and 0.479
for the PA (Figure 5.D-23). The minimum value of the daily proportion negative velocity for the
NAA was 0.198 and 0.052 for the PA while the maximum value was 0.719 and 0.521 for the PA
(Figure 5.D-23).

Below Normal Water Years

In the month of December during below normal water years, the median daily proportion
negative velocity was predicted to be 9% higher for the NAA relative to the PA over the 82
water years (Figure 5.D-23). Median daily proportion negative velocity was 0.667 for the NAA
and 0.604 for the PA (Figure 5.D-23). The 25th percentile value of the daily proportion negative
velocity for the NAA was 0.583 and 0.562 for the PA while the 75th percentile value was 0.719
and 0.656 for the PA (Figure 5.D-23). The minimum value of the daily proportion negative
velocity for the NAA was 0.5 and 0.469 for the PA while the maximum value was 0.792 and
0.75 for the PA (Figure 5.D-23).

In the month of January during below normal water years, the median daily proportion negative
velocity was predicted to be 11% higher for the NAA relative to the PA over the 82 water years
(Figure 5.D-23). Median daily proportion negative velocity was 0.552 for the NAA and 0.49 for
the PA (Figure 5.D-23). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.531 and 0.469 for the PA while the 75th percentile value was 0.573 and 0.531
for the PA (Figure 5.D-23). The minimum value of the daily proportion negative velocity for the
NAA was 0.469 and 0.417 for the PA while the maximum value was 0.677 and 0.604 for the PA
(Figure 5.D-23).
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Figure 5.D-23. Daily proportion of negative velocity entering the interior at delta channel 94, Old River
downstream of the facilities, during the 82-year CALSIM period. Comparisons between the NAA (NAA) and
the PA (PA) were performed for the months of October through June. Plus symbol indicates median, box
represents the interquartile range, and the whiskers represent the minimum and maximum values.
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5.D0.1.2.1.2.1.3.4  Channel 212, Old River upstream of the facilities

Wet Water Years

In the month of January during wet water years, the median daily proportion negative velocity
was predicted to be 36% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-24). Median daily proportion negative velocity was 0.292 for the NAA and 0.396 for the PA
(Figure 5.D-24). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0.104 and 0.146 for the PA while the 75th percentile value was 0.365 and 0.438 for the PA
(Figure 5.D-24). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0 for the PA while the maximum value was 0.438 and 0.5 for the PA (Figure 5.D-24).

In the month of February during wet water years, the median daily proportion negative velocity
was predicted to be 183% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-24). Median daily proportion negative velocity was 0.125 for the NAA and 0.354 for the PA
(Figure 5.D-24). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0 and 0 for the PA while the 75th percentile value was 0.281 and 0.417 for the PA (Figure
5.D-24). The minimum value of the daily proportion negative velocity for the NAA was 0 and 0
for the PA while the maximum value was 0.427 and 0.49 for the PA (Figure 5.D-24).

In the month of March during wet water years, the median daily proportion negative velocity was
predicted to be 217% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-24). Median daily proportion negative velocity was 0.094 for the NAA and 0.297 for the PA
(Figure 5.D-24). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0 and 0 for the PA while the 75th percentile value was 0.198 and 0.406 for the PA (Figure
5.D-24). The minimum value of the daily proportion negative velocity for the NAA was 0 and 0
for the PA while the maximum value was 0.427 and 0.5 for the PA (Figure 5.D-24).

In the month of April during wet water years, the median daily proportion negative velocity was
predicted to be 106% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-24). Median daily proportion negative velocity was 0.177 for the NAA and 0.365 for the PA
(Figure 5.D-24). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0 and 0 for the PA while the 75th percentile value was 0.323 and 0.417 for the PA (Figure
5.D-24). The minimum value of the daily proportion negative velocity for the NAA was 0 and 0
for the PA while the maximum value was 0.427 and 0.469 for the PA (Figure 5.D-24).

In the month of May during wet water years, the median daily proportion negative velocity was
predicted to be 73% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-24). Median daily proportion negative velocity was 0.229 for the NAA and 0.396 for the PA
(Figure 5.D-24). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0 and 0 for the PA while the 75th percentile value was 0.354 and 0.438 for the PA (Figure
5.D-24). The minimum value of the daily proportion negative velocity for the NAA was 0 and 0
for the PA while the maximum value was 0.427 and 0.49 for the PA (Figure 5.D-24).

In the month of June during wet water years, the median daily proportion negative velocity was
predicted to be 106% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-24). Median daily proportion negative velocity was 0.188 for the NAA and 0.385 for the PA
(Figure 5.D-24). The 25th percentile value of the daily proportion negative velocity for the NAA
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was 0.031 and 0.031 for the PA while the 75th percentile value was 0.417 and 0.458 for the PA
(Figure 5.D-24). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0 for the PA while the maximum value was 0.51 and 0.552 for the PA (Figure 5.D-24).

Above Normal Water Years

In the month of December during above normal water years, the median daily proportion
negative velocity was predicted to be 6% lower for the NAA relative to the PA over the 82 water
years (Figure 5.D-24). Median daily proportion negative velocity was 0.344 for the NAA and
0.365 for the PA (Figure 5.D-24). The 25th percentile value of the daily proportion negative
velocity for the NAA was 0.312 and 0.333 for the PA while the 75th percentile value was 0.396
and 0.396 for the PA (Figure 5.D-24). The minimum value of the daily proportion negative
velocity for the NAA was 0 and 0 for the PA while the maximum value was 0.458 and 0.458 for
the PA (Figure 5.D-24).

In the month of January during above normal water years, the median daily proportion negative
velocity was predicted to be 17% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-24). Median daily proportion negative velocity was 0.365 for the NAA and 0.427 for
the PA (Figure 5.D-24). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.276 and 0.375 for the PA while the 75th percentile value was 0.406 and 0.458
for the PA (Figure 5.D-24). The minimum value of the daily proportion negative velocity for the
NAA was 0 and 0 for the PA while the maximum value was 0.448 and 0.49 for the PA (Figure
5.D-24).

In the month of February during above normal water years, the median daily proportion negative
velocity was predicted to be 30% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-24). Median daily proportion negative velocity was 0.312 for the NAA and 0.406 for
the PA (Figure 5.D-24). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.198 and 0.354 for the PA while the 75th percentile value was 0.375 and 0.438
for the PA (Figure 5.D-24). The minimum value of the daily proportion negative velocity for the
NAA was 0 and 0 for the PA while the maximum value was 0.51 and 0.51 for the PA (Figure
5.D-24).

In the month of March during above normal water years, the median daily proportion negative
velocity was predicted to be 54% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-24). Median daily proportion negative velocity was 0.271 for the NAA and 0.417 for
the PA (Figure 5.D-24). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.125 and 0.375 for the PA while the 75th percentile value was 0.365 and 0.448
for the PA (Figure 5.D-24). The minimum value of the daily proportion negative velocity for the
NAA was 0 and 0 for the PA while the maximum value was 0.438 and 0.49 for the PA (Figure
5.D-24).

In the month of April during above normal water years, the median daily proportion negative
velocity was predicted to be 24% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-24). Median daily proportion negative velocity was 0.344 for the NAA and 0.427 for
the PA (Figure 5.D-24). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.281 and 0.406 for the PA while the 75th percentile value was 0.375 and 0.448
for the PA (Figure 5.D-24). The minimum value of the daily proportion negative velocity for the

Biological Assessment for the 5 D-151 July 2016
California WaterFix : ICF 00237.15



Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

NAA was 0 and 0 for the PA while the maximum value was 0.448 and 0.469 for the PA (Figure
5.D-24).

In the month of May during above normal water years, the median daily proportion negative
velocity was predicted to be 20% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-24). Median daily proportion negative velocity was 0.365 for the NAA and 0.438 for
the PA (Figure 5.D-24). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.312 and 0.417 for the PA while the 75th percentile value was 0.385 and 0.448
for the PA (Figure 5.D-24). The minimum value of the daily proportion negative velocity for the
NAA was 0 and 0 for the PA while the maximum value was 0.438 and 0.49 for the PA (Figure
5.D-24).

In the month of June during above normal water years, the median daily proportion negative
velocity was predicted to be 6% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-24). Median daily proportion negative velocity was 0.438 for the NAA and 0.464 for
the PA (Figure 5.D-24). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.333 and 0.427 for the PA while the 75th percentile value was 0.458 and 0.5 for
the PA (Figure 5.D-24). The minimum value of the daily proportion negative velocity for the
NAA was 0 and 0 for the PA while the maximum value was 0.51 and 0.552 for the PA (Figure
5.D-24).

Below Normal Water Years

In the month of December during below normal water years, the median daily proportion
negative velocity was predicted to be 9% lower for the NAA relative to the PA over the 82 water
years (Figure 5.D-24). Median daily proportion negative velocity was 0.333 for the NAA and
0.365 for the PA (Figure 5.D-24). The 25th percentile value of the daily proportion negative
velocity for the NAA was 0.302 and 0.323 for the PA while the 75th percentile value was 0.365
and 0.396 for the PA (Figure 5.D-24). The minimum value of the daily proportion negative
velocity for the NAA was 0.094 and 0.125 for the PA while the maximum value was 0.427 and
0.427 for the PA (Figure 5.D-24).

In the month of January during below normal water years, the median daily proportion negative
velocity was predicted to be 16% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-24). Median daily proportion negative velocity was 0.385 for the NAA and 0.448 for
the PA (Figure 5.D-24). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.344 and 0.417 for the PA while the 75th percentile value was 0.406 and 0.458
for the PA (Figure 5.D-24). The minimum value of the daily proportion negative velocity for the
NAA was 0.052 and 0.094 for the PA while the maximum value was 0.458 and 0.51 for the PA
(Figure 5.D-24).

In the month of February during below normal water years, the median daily proportion negative
velocity was predicted to be 17% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-24). Median daily proportion negative velocity was 0.365 for the NAA and 0.427 for
the PA (Figure 5.D-24). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.281 and 0.385 for the PA while the 75th percentile value was 0.396 and 0.458
for the PA (Figure 5.D-24). The minimum value of the daily proportion negative velocity for the
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NAA was 0 and 0 for the PA while the maximum value was 0.458 and 0.479 for the PA (Figure
5.D-24).

In the month of March during below normal water years, the median daily proportion negative
velocity was predicted to be 24% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-24). Median daily proportion negative velocity was 0.354 for the NAA and 0.438 for
the PA (Figure 5.D-24). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.292 and 0.406 for the PA while the 75th percentile value was 0.396 and 0.458
for the PA (Figure 5.D-24). The minimum value of the daily proportion negative velocity for the
NAA was 0 and 0 for the PA while the maximum value was 0.479 and 0.5 for the PA (Figure
5.D-24).

In the month of April during below normal water years, the median daily proportion negative
velocity was predicted to be 17% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-24). Median daily proportion negative velocity was 0.375 for the NAA and 0.438 for
the PA (Figure 5.D-24). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.333 and 0.427 for the PA while the 75th percentile value was 0.396 and 0.458
for the PA (Figure 5.D-24). The minimum value of the daily proportion negative velocity for the
NAA was 0.073 and 0.344 for the PA while the maximum value was 0.438 and 0.49 for the PA
(Figure 5.D-24).

In the month of May during below normal water years, the median daily proportion negative
velocity was predicted to be 13% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-24). Median daily proportion negative velocity was 0.396 for the NAA and 0.448 for
the PA (Figure 5.D-24). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.365 and 0.438 for the PA while the 75th percentile value was 0.417 and 0.469
for the PA (Figure 5.D-24). The minimum value of the daily proportion negative velocity for the
NAA was 0.24 and 0.385 for the PA while the maximum value was 0.448 and 0.5 for the PA
(Figure 5.D-24).

Dry Water Years

In the month of January during dry water years, the median daily proportion negative velocity
was predicted to be 16% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-24). Median daily proportion negative velocity was 0.385 for the NAA and 0.448 for the PA
(Figure 5.D-24). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0.365 and 0.417 for the PA while the 75th percentile value was 0.406 and 0.458 for the PA
(Figure 5.D-24). The minimum value of the daily proportion negative velocity for the NAA was
0.125 and 0.323 for the PA while the maximum value was 0.458 and 0.5 for the PA (Figure
5.D-24).

In the month of February during dry water years, the median daily proportion negative velocity
was predicted to be 16% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-24). Median daily proportion negative velocity was 0.385 for the NAA and 0.448 for the PA
(Figure 5.D-24). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0.354 and 0.406 for the PA while the 75th percentile value was 0.417 and 0.458 for the PA
(Figure 5.D-24). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0 for the PA while the maximum value was 0.479 and 0.5 for the PA (Figure 5.D-24).
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In the month of March during dry water years, the median daily proportion negative velocity was
predicted to be 13% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-24). Median daily proportion negative velocity was 0.396 for the NAA and 0.448 for the PA
(Figure 5.D-24). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0.365 and 0.417 for the PA while the 75th percentile value was 0.427 and 0.469 for the PA
(Figure 5.D-24). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0O for the PA while the maximum value was 0.469 and 0.542 for the PA (Figure 5.D-24).

In the month of April during dry water years, the median daily proportion negative velocity was
predicted to be 10% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-24). Median daily proportion negative velocity was 0.406 for the NAA and 0.448 for the PA
(Figure 5.D-24). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0.354 and 0.427 for the PA while the 75th percentile value was 0.427 and 0.469 for the PA
(Figure 5.D-24). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0 for the PA while the maximum value was 0.469 and 0.5 for the PA (Figure 5.D-24).

In the month of May during dry water years, the median daily proportion negative velocity was
predicted to be 10% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-24). Median daily proportion negative velocity was 0.417 for the NAA and 0.458 for the PA
(Figure 5.D-24). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0.385 and 0.448 for the PA while the 75th percentile value was 0.438 and 0.479 for the PA
(Figure 5.D-24). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0 for the PA while the maximum value was 0.479 and 0.51 for the PA (Figure 5.D-24).

Critical Water Years

In the month of January during critical water years, the median daily proportion negative
velocity was predicted to be 13% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-24). Median daily proportion negative velocity was 0.406 for the NAA and 0.458 for
the PA (Figure 5.D-24). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.375 and 0.427 for the PA while the 75th percentile value was 0.427 and 0.469
for the PA (Figure 5.D-24). The minimum value of the daily proportion negative velocity for the
NAA was 0.25 and 0.323 for the PA while the maximum value was 0.469 and 0.5 for the PA
(Figure 5.D-24).

In the month of February during critical water years, the median daily proportion negative
velocity was predicted to be 13% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-24). Median daily proportion negative velocity was 0.396 for the NAA and 0.448 for
the PA (Figure 5.D-24). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.375 and 0.417 for the PA while the 75th percentile value was 0.427 and 0.469
for the PA (Figure 5.D-24). The minimum value of the daily proportion negative velocity for the
NAA was 0.156 and 0.312 for the PA while the maximum value was 0.469 and 0.5 for the PA
(Figure 5.D-24).

In the month of March during critical water years, the median daily proportion negative velocity
was predicted to be 7% lower for the NAA relative to the PA over the 82 water years (Figure

5.D-24). Median daily proportion negative velocity was 0.438 for the NAA and 0.469 for the PA
(Figure 5.D-24). The 25th percentile value of the daily proportion negative velocity for the NAA
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was 0.396 and 0.448 for the PA while the 75th percentile value was 0.448 and 0.479 for the PA
(Figure 5.D-24). The minimum value of the daily proportion negative velocity for the NAA was
0.312 and 0.365 for the PA while the maximum value was 0.479 and 0.5 for the PA (Figure
5.D-24).

In the month of April during critical water years, the median daily proportion negative velocity
was predicted to be 7% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-24). Median daily proportion negative velocity was 0.438 for the NAA and 0.469 for the PA
(Figure 5.D-24). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0.427 and 0.448 for the PA while the 75th percentile value was 0.458 and 0.479 for the PA
(Figure 5.D-24). The minimum value of the daily proportion negative velocity for the NAA was
0.344 and 0.417 for the PA while the maximum value was 0.49 and 0.5 for the PA (Figure
5.D-24).

In the month of May during critical water years, the median daily proportion negative velocity
was predicted to be 7% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-24). Median daily proportion negative velocity was 0.438 for the NAA and 0.469 for the PA
(Figure 5.D-24). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0.427 and 0.458 for the PA while the 75th percentile value was 0.458 and 0.484 for the PA
(Figure 5.D-24). The minimum value of the daily proportion negative velocity for the NAA was
0.344 and 0.427 for the PA while the maximum value was 0.51 and 0.521 for the PA (Figure
5.D-24).
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Figure 5.D-24. Daily proportion of negative velocity entering the interior at delta channel 212, Old River
upstream of the facilities, during the 82-year CALSIM period. Comparisons between the NAA (NAA) and the
PA (PA) were performed for the months of October through June. Plus symbol indicates median, box
represents the interquartile range, and the whiskers represent the minimum and maximum values.
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5D.1.2.1.2.1.35 Channel 365, Delta Cross Channel

Wet Water Years

In the month of June during wet water years, the median daily proportion negative velocity was
predicted to be 14% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-25). Median daily proportion negative velocity was 0.073 for the NAA and 0.083 for the PA
(Figure 5.D-25). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0 and 0.021 for the PA while the 75th percentile value was 0.427 and 0.24 for the PA
(Figure 5.D-25). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0O for the PA while the maximum value was 0.5 and 0.49 for the PA (Figure 5.D-25).

Above Normal Water Years

In the month of June during above normal water years, the median daily proportion negative
velocity was predicted to be 100% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-25). Median daily proportion negative velocity was 0.031 for the NAA and 0.062 for
the PA (Figure 5.D-25). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0 and 0 for the PA while the 75th percentile value was 0.094 and 0.115 for the PA
(Figure 5.D-25). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0O for the PA while the maximum value was 0.5 and 0.5 for the PA (Figure 5.D-25).

Below Normal Water Years

In the month of June during below normal water years, the median daily proportion negative
velocity was predicted to be 50% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-25). Median daily proportion negative velocity was 0.042 for the NAA and 0.062 for
the PA (Figure 5.D-25). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0 and 0.031 for the PA while the 75th percentile value was 0.083 and 0.115 for the
PA (Figure 5.D-25). The minimum value of the daily proportion negative velocity for the NAA
was 0 and 0 for the PA while the maximum value was 0.51 and 0.5 for the PA (Figure 5.D-25).

Dry Water Years

In the month of June during dry water years, the median daily proportion negative velocity was
predicted to be 75% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-25). Median daily proportion negative velocity was 0.042 for the NAA and 0.073 for the PA
(Figure 5.D-25). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0 and 0.042 for the PA while the 75th percentile value was 0.083 and 0.104 for the PA
(Figure 5.D-25). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0O for the PA while the maximum value was 0.51 and 0.51 for the PA (Figure 5.D-25).

Critical Water Years

In the month of June during critical water years, the median daily proportion negative velocity
was predicted to be 7% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-25). Median daily proportion negative velocity was 0.146 for the NAA and 0.156 for the PA
(Figure 5.D-25). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0.073 and 0.094 for the PA while the 75th percentile value was 0.208 and 0.208 for the PA
(Figure 5.D-25). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0O for the PA while the maximum value was 0.51 and 0.51 for the PA (Figure 5.D-25).
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Figure 5.D-25. Daily proportion of negative velocity entering the interior at delta Channel 365, the Delta
Cross Channel, during the 82-year CALSIM period. Comparisons between the NAA (NAA) and the PA (PA)
were performed for the months of October through June. Plus symbol indicates median, box represents the
interquartile range, and the whiskers represent the minimum and maximum values.
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Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

5.D0.1.2.1.2.1.3.6  Channel 379, Steamboat Slough

Above Normal Water Years

In the month of June during above normal water years, the median daily proportion negative
velocity was predicted to be 25% higher for the NAA relative to the PA over the 82 water years
(Figure 5.D-26). Median daily proportion negative velocity was 0.083 for the NAA and 0.062 for
the PA (Figure PNV6). The 25th percentile value of the daily proportion negative velocity for the
NAA was 0 and 0 for the PA while the 75th percentile value was 0.135 and 0.125 for the PA
(Figure 5.D-26). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0 for the PA while the maximum value was 0.396 and 0.365 for the PA (Figure 5.D-26).

Below Normal Water Years

In the month of May during below normal water years, the median daily proportion negative
velocity was predicted to be 20% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-26). Median daily proportion negative velocity was 0.052 for the NAA and 0.062 for
the PA (Figure 5.D-26). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0 and 0 for the PA while the 75th percentile value was 0.115 and 0.125 for the PA
(Figure 5.D-26). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0O for the PA while the maximum value was 0.281 and 0.292 for the PA (Figure 5.D-26).

In the month of June during below normal water years, the median daily proportion negative
velocity was predicted to be 20% higher for the NAA relative to the PA over the 82 water years
(Figure 5.D-26). Median daily proportion negative velocity was 0.104 for the NAA and 0.083 for
the PA (Figure 5.D-26). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.052 and 0 for the PA while the 75th percentile value was 0.146 and 0.125 for the
PA (Figure 5.D-26). The minimum value of the daily proportion negative velocity for the NAA
was 0 and 0 for the PA while the maximum value was 0.323 and 0.333 for the PA (Figure
5.D-26).

Dry Water Years

In the month of December during dry water years, the median daily proportion negative velocity
was predicted to be Inf% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-26). Median daily proportion negative velocity was 0 for the NAA and 0.062 for the PA
(Figure 5.D-26). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0 and 0 for the PA while the 75th percentile value was 0.156 and 0.167 for the PA (Figure
5.D-26). The minimum value of the daily proportion negative velocity for the NAA was 0 and 0
for the PA while the maximum value was 0.448 and 0.448 for the PA (Figure 5.D-26).

Critical Water Years

In the month of December during critical water years, the median daily proportion negative
velocity was predicted to be 22% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-26). Median daily proportion negative velocity was 0.167 for the NAA and 0.203 for
the PA (Figure 5.D-26). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0 and 0 for the PA while the 75th percentile value was 0.271 and 0.292 for the PA
(Figure 5.D-26). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0O for the PA while the maximum value was 0.417 and 0.438 for the PA (Figure 5.D-26).
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In the month of March during critical water years, the median daily proportion negative velocity
was predicted to be Inf% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-26). Median daily proportion negative velocity was 0 for the NAA and 0.021 for the PA
(Figure 5.D-26). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0 and 0 for the PA while the 75th percentile value was 0.125 and 0.135 for the PA (Figure
5.D-26). The minimum value of the daily proportion negative velocity for the NAA was 0 and 0
for the PA while the maximum value was 0.344 and 0.365 for the PA (Figure 5.D-26).

In the month of April during critical water years, the median daily proportion negative velocity
was predicted to be 13% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-26). Median daily proportion negative velocity was 0.083 for the NAA and 0.094 for the PA
(Figure 5.D-26). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0 and 0 for the PA while the 75th percentile value was 0.146 and 0.167 for the PA (Figure
5.D-26). The minimum value of the daily proportion negative velocity for the NAA was 0 and 0
for the PA while the maximum value was 0.344 and 0.354 for the PA (Figure 5.D-26).

In the month of May during critical water years, the median daily proportion negative velocity
was predicted to be 13% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-26). Median daily proportion negative velocity was 0.167 for the NAA and 0.188 for the PA
(Figure 5.D-26). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0.115 and 0.125 for the PA while the 75th percentile value was 0.292 and 0.302 for the PA
(Figure 5.D-26). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0 for the PA while the maximum value was 0.385 and 0.396 for the PA (Figure 5.D-26).
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Figure 5.D-26. Daily proportion of negative velocity entering the interior at delta Channel 379, Steamboat
Slough, during the 82-year CALSIM period. Comparisons between the NAA (NAA) and the PA (PA) were
performed for the months of October through June. Plus symbol indicates median, box represents the
interquartile range, and the whiskers represent the minimum and maximum values.
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5.D0.1.2.1.2.1.3.7  Channel 383, Sutter Slough

Wet Water Years

In the month of June during wet water years, the median daily proportion negative velocity was
predicted to be 53% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-27). Median daily proportion negative velocity was 0.198 for the NAA and 0.302 for the PA
(Figure 5.D-27). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0 and 0.172 for the PA while the 75th percentile value was 0.323 and 0.344 for the PA
(Figure 5.D-27). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0O for the PA while the maximum value was 0.427 and 0.438 for the PA (Figure 5.D-27).

Above Normal Water Years

In the month of December during above normal water years, the median daily proportion
negative velocity was predicted to be 33% lower for the NAA relative to the PA over the 82
water years (Figure 5.D-27). Median daily proportion negative velocity was 0.125 for the NAA
and 0.167 for the PA (Figure 5.D-27). The 25th percentile value of the daily proportion negative
velocity for the NAA was 0 and 0 for the PA while the 75th percentile value was 0.25 and 0.292
for the PA (Figure 5.D-27). The minimum value of the daily proportion negative velocity for the
NAA was 0 and 0 for the PA while the maximum value was 0.448 and 0.458 for the PA (Figure
5.D-27).

In the month of April during above normal water years, the median daily proportion negative
velocity was predicted to be Inf% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-27). Median daily proportion negative velocity was 0 for the NAA and 0.031 for the
PA (Figure 5.D-27). The 25th percentile value of the daily proportion negative velocity for the
NAA was 0 and 0 for the PA while the 75th percentile value was 0.115 and 0.146 for the PA
(Figure 5.D-27). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0 for the PA while the maximum value was 0.375 and 0.396 for the PA (Figure 5.D-27).

In the month of May during above normal water years, the median daily proportion negative
velocity was predicted to be 22% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-27). Median daily proportion negative velocity was 0.188 for the NAA and 0.229 for
the PA (Figure 5.D-27). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0 and 0.083 for the PA while the 75th percentile value was 0.281 and 0.292 for the
PA (Figure 5.D-27). The minimum value of the daily proportion negative velocity for the NAA
was 0 and 0 for the PA while the maximum value was 0.385 and 0.385 for the PA (Figure
5.D-27).

In the month of June during above normal water years, the median daily proportion negative
velocity was predicted to be 10% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-27). Median daily proportion negative velocity was 0.302 for the NAA and 0.333 for
the PA (Figure 5.D-27). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.25 and 0.302 for the PA while the 75th percentile value was 0.344 and 0.354 for
the PA (Figure 5.D-27). The minimum value of the daily proportion negative velocity for the
NAA was 0 and 0 for the PA while the maximum value was 0.427 and 0.417 for the PA (Figure
5.D-27).
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Below Normal Water Years

In the month of December during below normal water years, the median daily proportion
negative velocity was predicted to be 38% lower for the NAA relative to the PA over the 82
water years (Figure 5.D-27). Median daily proportion negative velocity was 0.167 for the NAA
and 0.229 for the PA (Figure 5.D-27). The 25th percentile value of the daily proportion negative
velocity for the NAA was 0.062 and 0.125 for the PA while the 75th percentile value was 0.292
and 0.312 for the PA (Figure 5.D-27). The minimum value of the daily proportion negative
velocity for the NAA was 0 and 0 for the PA while the maximum value was 0.479 and 0.479 for
the PA (Figure 5.D-27).

In the month of January during below normal water years, the median daily proportion negative
velocity was predicted to be 27% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-27). Median daily proportion negative velocity was 0.115 for the NAA and 0.146 for
the PA (Figure 5.D-27). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0 and 0 for the PA while the 75th percentile value was 0.26 and 0.292 for the PA
(Figure 5.D-27). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0 for the PA while the maximum value was 0.375 and 0.406 for the PA (Figure 5.D-27).

In the month of February during below normal water years, the median daily proportion negative
velocity was predicted to be Inf% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-27). Median daily proportion negative velocity was 0 for the NAA and 0.094 for the
PA (Figure 5.D-27). The 25th percentile value of the daily proportion negative velocity for the
NAA was 0 and 0 for the PA while the 75th percentile value was 0.156 and 0.198 for the PA
(Figure 5.D-27). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0 for the PA while the maximum value was 0.448 and 0.448 for the PA (Figure 5.D-27).

In the month of March during below normal water years, the median daily proportion negative
velocity was predicted to be 250% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-27). Median daily proportion negative velocity was 0.042 for the NAA and 0.146 for
the PA (Figure 5.D-27). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0 and 0.073 for the PA while the 75th percentile value was 0.229 and 0.26 for the
PA (Figure 5.D-27). The minimum value of the daily proportion negative velocity for the NAA
was 0 and 0 for the PA while the maximum value was 0.365 and 0.385 for the PA (Figure
5.D-27).

In the month of April during below normal water years, the median daily proportion negative
velocity was predicted to be 14% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-27). Median daily proportion negative velocity was 0.219 for the NAA and 0.25 for
the PA (Figure 5.D-27). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.073 and 0.115 for the PA while the 75th percentile value was 0.302 and 0.312
for the PA (Figure 5.D-27). The minimum value of the daily proportion negative velocity for the
NAA was 0 and 0 for the PA while the maximum value was 0.427 and 0.427 for the PA (Figure
5.D-27).

Dry Water Years

In the month of December during dry water years, the median daily proportion negative velocity
was predicted to be 8% lower for the NAA relative to the PA over the 82 water years (Figure
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5.D-27). Median daily proportion negative velocity was 0.26 for the NAA and 0.281 for the PA
(Figure 5.D-27). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0.135 and 0.177 for the PA while the 75th percentile value was 0.333 and 0.344 for the PA
(Figure 5.D-27). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0O for the PA while the maximum value was 0.479 and 0.479 for the PA (Figure 5.D-27).

In the month of January during dry water years, the median daily proportion negative velocity
was predicted to be 23% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-27). Median daily proportion negative velocity was 0.182 for the NAA and 0.224 for the PA
(Figure 5.D-27). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0 and 0.083 for the PA while the 75th percentile value was 0.271 and 0.292 for the PA
(Figure 5.D-27). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0 for the PA while the maximum value was 0.385 and 0.406 for the PA (Figure 5.D-27).

In the month of February during dry water years, the median daily proportion negative velocity
was predicted to be 500% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-27). Median daily proportion negative velocity was 0.021 for the NAA and 0.125 for the PA
(Figure 5.D-27). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0 and 0 for the PA while the 75th percentile value was 0.188 and 0.24 for the PA (Figure
5.D-27). The minimum value of the daily proportion negative velocity for the NAA was 0 and 0
for the PA while the maximum value was 0.396 and 0.406 for the PA (Figure 5.D-27).

In the month of March during dry water years, the median daily proportion negative velocity was
predicted to be Inf% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-27). Median daily proportion negative velocity was 0 for the NAA and 0.125 for the PA
(Figure 5.D-27). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0 and 0 for the PA while the 75th percentile value was 0.208 and 0.245 for the PA (Figure
5.D-27). The minimum value of the daily proportion negative velocity for the NAA was 0 and 0
for the PA while the maximum value was 0.406 and 0.396 for the PA (Figure 5.D-27).

Critical Water Years

In the month of January during critical water years, the median daily proportion negative
velocity was predicted to be 14% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-27). Median daily proportion negative velocity was 0.219 for the NAA and 0.25 for
the PA (Figure 5.D-27). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.094 and 0.135 for the PA while the 75th percentile value was 0.302 and 0.302
for the PA (Figure 5.D-27). The minimum value of the daily proportion negative velocity for the
NAA was 0 and 0 for the PA while the maximum value was 0.438 and 0.417 for the PA (Figure
5.D-27).

In the month of February during critical water years, the median daily proportion negative
velocity was predicted to be 46% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-27). Median daily proportion negative velocity was 0.146 for the NAA and 0.214 for
the PA (Figure 5.D-27). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.042 and 0.115 for the PA while the 75th percentile value was 0.26 and 0.302 for
the PA (Figure 5.D-27). The minimum value of the daily proportion negative velocity for the
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NAA was 0 and 0 for the PA while the maximum value was 0.406 and 0.417 for the PA (Figure
5.D-27).
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Figure 5.D-27. Daily proportion of negative velocity entering the interior at delta Channel 383, Sutter Slough,
during the 82-year CALSIM period. Comparisons between the NAA (NAA) and the PA (PA) were performed
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for the months of October through June. Plus symbol indicates median, box represents the interquartile
range, and the whiskers represent the minimum and maximum values.

5.D0.1.2.1.2.1.3.8  Channel 418, Sacramento River downstream of proposed diversions

Below Normal Water Years

In the month of May during below normal water years, the median daily proportion negative
velocity was predicted to be 67% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-28). Median daily proportion negative velocity was 0.031 for the NAA and 0.052 for
the PA (Figure 5.D-28). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0 and 0 for the PA while the 75th percentile value was 0.104 and 0.115 for the PA
(Figure 5.D-28). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0 for the PA while the maximum value was 0.26 and 0.271 for the PA (Figure 5.D-28).

Dry Water Years

In the month of May during dry water years, the median daily proportion negative velocity was
predicted to be 100% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-28). Median daily proportion negative velocity was 0.021 for the NAA and 0.042 for the PA
(Figure 5.D-28). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0 and 0 for the PA while the 75th percentile value was 0.104 and 0.115 for the PA (Figure
5.D-28). The minimum value of the daily proportion negative velocity for the NAA was 0 and 0
for the PA while the maximum value was 0.344 and 0.354 for the PA (Figure 5.D-28).

Critical Water Years

In the month of December during critical water years, the median daily proportion negative
velocity was predicted to be 11% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-28). Median daily proportion negative velocity was 0.141 for the NAA and 0.156 for
the PA (Figure 5.D-28). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0 and 0 for the PA while the 75th percentile value was 0.198 and 0.24 for the PA
(Figure 5.D-28). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0 for the PA while the maximum value was 0.365 and 0.385 for the PA (Figure 5.D-28).

In the month of March during critical water years, the median daily proportion negative velocity
was predicted to be Inf% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-28). Median daily proportion negative velocity was 0 for the NAA and 0.005 for the PA
(Figure 5.D-28). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0 and 0 for the PA while the 75th percentile value was 0.115 and 0.135 for the PA (Figure
5.D-28). The minimum value of the daily proportion negative velocity for the NAA was 0 and 0
for the PA while the maximum value was 0.354 and 0.344 for the PA (Figure 5.D-28).

In the month of April during critical water years, the median daily proportion negative velocity
was predicted to be 14% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-28). Median daily proportion negative velocity was 0.073 for the NAA and 0.083 for the PA
(Figure 5.D-28). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0 and 0 for the PA while the 75th percentile value was 0.135 and 0.146 for the PA (Figure
5.D-28). The minimum value of the daily proportion negative velocity for the NAA was 0 and 0
for the PA while the maximum value was 0.344 and 0.344 for the PA (Figure 5.D-28).
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In the month of May during critical water years, the median daily proportion negative velocity
was predicted to be 7% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-28). Median daily proportion negative velocity was 0.156 for the NAA and 0.167 for the PA
(Figure 5.D-28). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0.104 and 0.115 for the PA while the 75th percentile value was 0.281 and 0.292 for the PA
(Figure 5.D-28). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0 for the PA while the maximum value was 0.396 and 0.396 for the PA (Figure 5.D-28).

July 2016

Biological Assessment for the
5.D-167 ICF 00237.15

California WaterFix



Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

0
0.4
0.3 -
5
0.2
0.1
J.uU =
R S el R
0.4 =
o
o]
0.3 S
z
0.2 - Q
3
0.1 L
>
2. 1
5 00
e T S e —————
7]
>
a}f‘.!;— m
2 % Scenario
@ 0.3 L
> = INAA
Q01 - | : L
= —
8_[_‘._.|~ 1 J _I_
ef_‘,_;':,— ———————————————————————————————————————
o
0.3 -
0.2 <
0.1 -
[ ]
R R i R e el e
0.4 -
0.3 N - o
0.2 ]
nMEETTT
0.0 4 |

Aar Apr May Jun

Month

Figure 5.D-28. Daily proportion of negative velocity entering the interior at delta Channel 418, Sacramento
River downstream of proposed diversions, during the 82-year CALSIM period. Comparisons between the
NAA (NAA) and the PA (PA) were performed for the months of October through June. Plus symbol indicates
median, box represents the interquartile range, and the whiskers represent the minimum and maximum
values.
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5.D0.1.2.1.2.1.3.9  Channel 421, Sacramento River upstream of Georgiana Slough

Above Normal Water Year

In the month of May during above normal water years, the median daily proportion negative
velocity was predicted to be Inf% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-29). Median daily proportion negative velocity was 0 for the NAA and 0.031 for the
PA (Figure 5.D-29). The 25th percentile value of the daily proportion negative velocity for the
NAA was 0 and 0 for the PA while the 75th percentile value was 0.052 and 0.115 for the PA
(Figure 5.D-29). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0 for the PA while the maximum value was 0.281 and 0.292 for the PA (Figure 5.D-29).

Below Normal Water Years

In the month of May during below normal water years, the median daily proportion negative
velocity was predicted to be 75% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-29). Median daily proportion negative velocity was 0.042 for the NAA and 0.073 for
the PA (Figure 5.D-29). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0 and 0 for the PA while the 75th percentile value was 0.125 and 0.135 for the PA
(Figure 5.D-29). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0O for the PA while the maximum value was 0.281 and 0.302 for the PA (Figure 5.D-29).

Dry Water Years

In the month of May during dry water years, the median daily proportion negative velocity was
predicted to be 250% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-29). Median daily proportion negative velocity was 0.021 for the NAA and 0.073 for the PA
(Figure 5.D-29). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0 and 0 for the PA while the 75th percentile value was 0.125 and 0.125 for the PA (Figure
5.D-29). The minimum value of the daily proportion negative velocity for the NAA was 0 and 0
for the PA while the maximum value was 0.354 and 0.354 for the PA (Figure 5.D-29).

Critical Water Years

In the month of December during critical water years, the median daily proportion negative
velocity was predicted to be 15% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-29). Median daily proportion negative velocity was 0.135 for the NAA and 0.156 for
the PA (Figure 5.D-29). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0 and 0 for the PA while the 75th percentile value was 0.188 and 0.229 for the PA
(Figure 5.D-29). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0O for the PA while the maximum value was 0.365 and 0.385 for the PA (Figure 5.D-29).

In the month of March during critical water years, the median daily proportion negative velocity
was predicted to be Inf% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-29). Median daily proportion negative velocity was 0 for the NAA and 0.052 for the PA
(Figure 5.D-29). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0 and 0 for the PA while the 75th percentile value was 0.135 and 0.151 for the PA (Figure
5.D-29). The minimum value of the daily proportion negative velocity for the NAA was 0 and 0
for the PA while the maximum value was 0.375 and 0.365 for the PA (Figure 5.D-29).
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In the month of April during critical water years, the median daily proportion negative velocity
was predicted to be 25% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-29). Median daily proportion negative velocity was 0.083 for the NAA and 0.104 for the PA
(Figure 5.D-29). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0 and 0.021 for the PA while the 75th percentile value was 0.146 and 0.156 for the PA
(Figure 5.D-29). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0O for the PA while the maximum value was 0.354 and 0.365 for the PA (Figure 5.D-29).

In the month of June during critical water years, the median daily proportion negative velocity
was predicted to be 8% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-29). Median daily proportion negative velocity was 0.125 for the NAA and 0.135 for the PA
(Figure 5.D-29). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0 and 0.042 for the PA while the 75th percentile value was 0.167 and 0.177 for the PA
(Figure 5.D-29). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0 for the PA while the maximum value was 0.385 and 0.385 for the PA (Figure 5.D-29).
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Figure 5.D-29. Daily proportion of negative velocity entering the interior at delta Channel 421, Sacramento
River upstream of Georgiana Slough, during the 82-year CALSIM period. Comparisons between the NAA
(NAA) and the PA (PA) were performed for the months of October through June. Plus symbol indicates
median, box represents the interquartile range, and the whiskers represent the minimum and maximum
values.
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5.D0.1.2.1.2.1.3.10 Channel 423, Sacramento River downstream of Georgiana Slough

Wet Water Years

In the month of June during wet water years, the median daily proportion negative velocity was
predicted to be 19% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-30). Median daily proportion negative velocity was 0.281 for the NAA and 0.333 for the PA
(Figure PNV10). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0 and 0.26 for the PA while the 75th percentile value was 0.354 and 0.365 for the PA
(Figure 5.D-30). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0O for the PA while the maximum value was 0.448 and 0.438 for the PA (Figure 5.D-30).

Above Normal Water Years

In the month of December during above normal water years, the median daily proportion
negative velocity was predicted to be 29% lower for the NAA relative to the PA over the 82
water years (Figure 5.D-30). Median daily proportion negative velocity was 0.146 for the NAA
and 0.188 for the PA (Figure 5.D-30). The 25th percentile value of the daily proportion negative
velocity for the NAA was 0 and 0 for the PA while the 75th percentile value was 0.292 and
0.312 for the PA (Figure 5.D-30). The minimum value of the daily proportion negative velocity
for the NAA was 0 and 0 for the PA while the maximum value was 0.479 and 0.469 for the PA
(Figure 5.D-30).

In the month of April during above normal water years, the median daily proportion negative
velocity was predicted to be Inf% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-30). Median daily proportion negative velocity was 0 for the NAA and 0.062 for the
PA (Figure 5.D-30). The 25th percentile value of the daily proportion negative velocity for the
NAA was 0 and 0 for the PA while the 75th percentile value was 0.146 and 0.177 for the PA
(Figure 5.D-30). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0 for the PA while the maximum value was 0.375 and 0.385 for the PA (Figure 5.D-30).

In the month of May during above normal water years, the median daily proportion negative
velocity was predicted to be 20% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-30). Median daily proportion negative velocity was 0.208 for the NAA and 0.25 for
the PA (Figure 5.D-30). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.052 and 0.104 for the PA while the 75th percentile value was 0.292 and 0.302
for the PA (Figure 5.D-30). The minimum value of the daily proportion negative velocity for the
NAA was 0 and 0 for the PA while the maximum value was 0.385 and 0.385 for the PA (Figure
5.D-30).

In the month of June during above normal water years, the median daily proportion negative
velocity was predicted to be 6% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-30). Median daily proportion negative velocity was 0.344 for the NAA and 0.365 for
the PA (Figure 5.D-30). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.312 and 0.333 for the PA while the 75th percentile value was 0.365 and 0.375
for the PA (Figure 5.D-30). The minimum value of the daily proportion negative velocity for the
NAA was 0 and 0.052 for the PA while the maximum value was 0.438 and 0.427 for the PA
(Figure 5.D-30).
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Below Normal Water Years

In the month of December during below normal water years, the median daily proportion
negative velocity was predicted to be 33% lower for the NAA relative to the PA over the 82
water years (Figure 5.D-30). Median daily proportion negative velocity was 0.188 for the NAA
and 0.25 for the PA (Figure 5.D-30). The 25th percentile value of the daily proportion negative
velocity for the NAA was 0.104 and 0.146 for the PA while the 75th percentile value was 0.312
and 0.333 for the PA (Figure 5.D-30). The minimum value of the daily proportion negative
velocity for the NAA was 0 and 0 for the PA while the maximum value was 0.49 and 0.49 for the
PA (Figure 5.D-30).

In the month of January during below normal water years, the median daily proportion negative
velocity was predicted to be 23% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-30). Median daily proportion negative velocity was 0.135 for the NAA and 0.167 for
the PA (Figure 5.D-30). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0 and 0.073 for the PA while the 75th percentile value was 0.271 and 0.292 for the
PA (Figure 5.D-30). The minimum value of the daily proportion negative velocity for the NAA
was 0 and 0 for the PA while the maximum value was 0.396 and 0.396 for the PA (Figure
5.D-30).

In the month of February during below normal water years, the median daily proportion negative
velocity was predicted to be Inf% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-30). Median daily proportion negative velocity was 0 for the NAA and 0.115 for the
PA (Figure 5.D-30). The 25th percentile value of the daily proportion negative velocity for the
NAA was 0 and 0 for the PA while the 75th percentile value was 0.188 and 0.224 for the PA
(Figure 5.D-30). The minimum value of the daily proportion negative velocity for the NAA was
0 and O for the PA while the maximum value was 0.448 and 0.448 for the PA (Figure 5.D-30).

In the month of March during below normal water years, the median daily proportion negative
velocity was predicted to be 113% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-30). Median daily proportion negative velocity was 0.083 for the NAA and 0.177 for
the PA (Figure 5.D-30). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0 and 0.104 for the PA while the 75th percentile value was 0.25 and 0.271 for the
PA (Figure 5.D-30). The minimum value of the daily proportion negative velocity for the NAA
was 0 and 0 for the PA while the maximum value was 0.365 and 0.385 for the PA (Figure
5.D-30).

Dry Water Years

In the month of December during dry water years, the median daily proportion negative velocity
was predicted to be 7% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-30). Median daily proportion negative velocity was 0.281 for the NAA and 0.302 for the PA
(Figure 5.D-30). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0.156 and 0.198 for the PA while the 75th percentile value was 0.354 and 0.365 for the PA
(Figure 5.D-30). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0 for the PA while the maximum value was 0.5 and 0.5 for the PA (Figure 5.D-30).

In the month of January during dry water years, the median daily proportion negative velocity
was predicted to be 21% lower for the NAA relative to the PA over the 82 water years (Figure
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5.D-30). Median daily proportion negative velocity was 0.198 for the NAA and 0.24 for the PA
(Figure 5.D-30). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0.062 and 0.104 for the PA while the 75th percentile value was 0.281 and 0.302 for the PA
(Figure 5.D-30). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0O for the PA while the maximum value was 0.396 and 0.406 for the PA (Figure 5.D-30).

In the month of February during dry water years, the median daily proportion negative velocity
was predicted to be 75% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-30). Median daily proportion negative velocity was 0.083 for the NAA and 0.146 for the PA
(Figure 5.D-30). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0 and 0 for the PA while the 75th percentile value was 0.219 and 0.25 for the PA (Figure
5.D-30). The minimum value of the daily proportion negative velocity for the NAA was 0 and 0
for the PA while the maximum value was 0.406 and 0.417 for the PA (Figure 5.D-30).

In the month of March during dry water years, the median daily proportion negative velocity was
predicted to be Inf% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-30). Median daily proportion negative velocity was 0 for the NAA and 0.146 for the PA
(Figure 5.D-30). The 25th percentile value of the daily proportion negative velocity for the NAA
was 0 and 0.036 for the PA while the 75th percentile value was 0.229 and 0.26 for the PA
(Figure 5.D-30). The minimum value of the daily proportion negative velocity for the NAA was
0 and 0O for the PA while the maximum value was 0.406 and 0.417 for the PA (Figure 5.D-30).

Critical Water Years

In the month of January during critical water years, the median daily proportion negative
velocity was predicted to be 9% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-30). Median daily proportion negative velocity was 0.24 for the NAA and 0.26 for
the PA (Figure 5.D-30). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.115 and 0.156 for the PA while the 75th percentile value was 0.312 and 0.312
for the PA (Figure 5.D-30). The minimum value of the daily proportion negative velocity for the
NAA was 0 and 0 for the PA while the maximum value was 0.438 and 0.406 for the PA (Figure
5.D-30).

In the month of February during critical water years, the median daily proportion negative
velocity was predicted to be 29% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-30). Median daily proportion negative velocity was 0.177 for the NAA and 0.229 for
the PA (Figure 5.D-30). The 25th percentile value of the daily proportion negative velocity for
the NAA was 0.078 and 0.135 for the PA while the 75th percentile value was 0.271 and 0.312
for the PA (Figure 5.D-30). The minimum value of the daily proportion negative velocity for the
NAA was 0 and 0 for the PA while the maximum value was 0.417 and 0.427 for the PA (Figure
5.D-30).
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Figure 5.D-30. Daily proportion of negative velocity entering the interior at delta Channel 423, Sacramento
River downstream of Georgiana Slough, during the 82-year CALSIM period. Comparisons between the NAA
(NAA) and the PA (PA) were performed for the months of October through June. Plus symbol indicates
median, box represents the interquartile range, and the whiskers represent the minimum and maximum
values.
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5.D.1.2.1.2.2 Flow Routing at Junctions

5.D.1.2.1.2.2.1 Sutter Slough and Steamboat Slough

In all years, the median proportion of flow into Sutter Slough and Steamboat Slough was
predicted to be very similar for the NAA relative to the PA over the 82 water years (Figure
5.D-31 and Figure 5.D-32). Median proportion of flow into the Sutter Slough and Steamboat
Slough did not differ by more than 5% for the NAA and when compared to the PA (Figure
5.D-31 and Figure 5.D-32).

5.D.1.2.1.2.2.1.1 Wet Water Years

In the month of June during wet water years, the median proportion of flow into Sutter Slough
was predicted to be 12% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-31). Median proportion of flow into Sutter Slough was 0.219 for the NAA and 0.193 for the
PA (Figure 5.D-31). The 25th percentile value of flow proportion for the NAA was 0.174 and
0.171 for the PA while the 75th percentile value was 0.262 and 0.232 for the PA (Figure 5.D-31).
The minimum value of flow proportion for the NAA was 0.1343 and 0.1371 for the PA while the
maximum value was 0.271 and 0.274 for the PA (Figure 5.D-31).

In the month of December during wet water years, the median proportion of flow into Steamboat
Slough was predicted to be 5% higher for the NAA relative to the PA over the 82 water years
(Figure 5.D-32). Median proportion of flow into Steamboat Slough was 0.254 for the NAA and
0.242 for the PA (Figure 5.D-32). The 25th percentile value of flow proportion for the NAA was
0.22 and 0.213 for the PA while the 75th percentile value was 0.279 and 0.278 for the PA
(Figure 5.D-32). The minimum value of flow proportion for the NAA was 0.1581 and 0.1526 for
the PA while the maximum value was 0.31 and 0.305 for the PA (Figure 5.D-32).
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Figure 5.D-31. Proportion of flow entering the interior delta at Sutter Slough during the 82-year CALSIM
period. Comparisons between the NAA (NAA) and the PA (PA) were performed for the months of October
through June. Plus symbol indicates median, box represents the interquartile range, and the whiskers
represent the minimum and maximum values.
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Figure 5.D-32. Proportion of flow entering the interior delta at Steamboat Slough during the 82-year
CALSIM period. Comparisons between the NAA (NAA) and the PA (PA) were performed for the months of
October through June. Plus symbol indicates median, box represents the interquartile range, and the

whiskers represent the minimum and maximum values.
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Central Valley Steelhead, Green Sturgeon, and Killer Whale

5.D.1.2.1.2.2.1.2 Below Normal Water Years

In the month of February during below normal water years, the median proportion of flow into
Steamboat Slough was predicted to be 8% higher for the NAA relative to the PA over the 82
water years (Figure 5.D-32). Median proportion of flow into Steamboat Slough was 0.238 for the
NAA and 0.22 for the PA (Figure 5.D-32). The 25th percentile value of flow proportion for the
NAA was 0.202 and 0.198 for the PA while the 75th percentile value was 0.275 and 0.266 for
the PA (Figure 5.D-32). The minimum value of flow proportion for the NAA was 0.1799 and
0.1796 for the PA while the maximum value was 0.305 and 0.299 for the PA (Figure 5.D-32).

In the month of March during below normal water years, the median proportion of flow into
Steamboat Slough was predicted to be 6% higher for the NAA relative to the PA over the 82
water years (Figure 5.D-32). Median proportion of flow into Steamboat Slough was 0.218 for the
NAA and 0.205 for the PA (Figure 5.D-32). The 25th percentile value of flow proportion for the
NAA was 0.194 and 0.193 for the PA while the 75th percentile value was 0.244 and 0.22 for the
PA (Figure 5.D-32). The minimum value of flow proportion for the NAA was 0.1788 and 0.1779
for the PA while the maximum value was 0.292 and 0.285 for the PA (Figure 5.D-32).

5.0.1.2.1.2.2.1.3  Dry Water Years

In the month of February during dry water years, the median proportion of flow into Steamboat
Slough was predicted to be 5% higher for the NAA relative to the PA over the 82 water years
(Figure 5.D-32). Median proportion of flow into Steamboat Slough was 0.222 for the NAA and
0.21 for the PA (Figure 5.D-32). The 25th percentile value of flow proportion for the NAA was
0.198 and 0.195 for the PA while the 75th percentile value was 0.249 and 0.237 for the PA
(Figure 5.D-32). The minimum value of flow proportion for the NAA was 0.176 and 0.1778 for
the PA while the maximum value was 0.3 and 0.293 for the PA (Figure 5.D-32).

In the month of March during dry water years, the median proportion of flow into Steamboat
Slough was predicted to be 9% higher for the NAA relative to the PA over the 82 water years
(Figure 5.D-32). Median proportion of flow into Steamboat Slough was 0.232 for the NAA and
0.212 for the PA (Figure 5.D-32). The 25th percentile value of flow proportion for the NAA was
0.197 and 0.195 for the PA while the 75th percentile value was 0.248 and 0.229 for the PA
(Figure 5.D-32). The minimum value of flow proportion for the NAA was 0.1742 and 0.1755 for
the PA while the maximum value was 0.295 and 0.287 for the PA (Figure 5.D-32).

5.D.1.2.1.2.2.1.4 Critical Water Years

In the month of December during critical water years, the median proportion of flow into Sutter
Slough was predicted to be 5% higher for the NAA relative to the PA over the 82 water years
(Figure 5.D-31). Median proportion of flow into Sutter Slough was 0.195 for the NAA and 0.185
for the PA (Figure 5.D-31). The 25th percentile value of flow proportion for the NAA was 0.156
and 0.153 for the PA while the 75th percentile value was 0.256 and 0.247 for the PA (Figure
5.D-31). The minimum value of flow proportion for the NAA was 0.1319 and 0.1321 for the PA
while the maximum value was 0.269 and 0.272 for the PA (Figure 5.D-31).
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5.D0.1.2.1.2.2.2 Delta Cross Channel

5.D.1.2.1.2.2.2.1 Wet Water Years

In the month of December during wet water years, the median proportion of flow into the Delta
Cross Channel was predicted to be 17% lower for the NAA relative to the PA over the 82 water
years (Figure 5.D-33). Median proportion of flow into the Delta Cross Channel was 0.006 for the
NAA and 0.007 for the PA (Figure 5.D-33). The 25th percentile value of flow proportion for the
NAA was 0.004 and 0.004 for the PA while the 75th percentile value was 0.008 and 0.009 for
the PA (Figure 5.D-33). The minimum value of flow proportion for the NAA was 0.0004 and
0.0005 for the PA while the maximum value was 0.465 and 0.468 for the PA (Figure 5.D-33).

In the month of April during wet water years, the median proportion of flow into the Delta Cross
Channel was predicted to be 20% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-33). Median proportion of flow into the Delta Cross Channel was 0.005 for the NAA
and 0.006 for the PA (Figure 5.D-33). The 25th percentile value of flow proportion for the NAA
was 0.003 and 0.004 for the PA while the 75th percentile value was 0.008 and 0.008 for the PA
(Figure 5.D-33). The minimum value of flow proportion for the NAA was 0.0013 and 0.0014 for
the PA while the maximum value was 0.013 and 0.015 for the PA (Figure 5.D-33).

5.D.1.2.1.2.2.2.2 Above Normal Water Years

In the month of December during above normal water years, the median proportion of flow into
the Delta Cross Channel was predicted to be 11% lower for the NAA relative to the PA over the
82 water years (Figure 5.D-33). Median proportion of flow into the Delta Cross Channel was
0.009 for the NAA and 0.01 for the PA (Figure 5.D-33). The 25th percentile value of flow
proportion for the NAA was 0.006 and 0.007 for the PA while the 75th percentile value was
0.011 and 0.012 for the PA (Figure 5.D-33). The minimum value of flow proportion for the NAA
was 0.001 and 0.0011 for the PA while the maximum value was 0.467 and 0.467 for the PA
(Figure 5.D-33).

In the month of January during above normal water years, the median proportion of flow into the
Delta Cross Channel was predicted to be 20% lower for the NAA relative to the PA over the 82
water years (Figure 5.D-33). Median proportion of flow into the Delta Cross Channel was 0.005
for the NAA and 0.006 for the PA (Figure 5.D-33). The 25th percentile value of flow proportion
for the NAA was 0.003 and 0.004 for the PA while the 75th percentile value was 0.008 and
0.008 for the PA (Figure 5.D-33). The minimum value of flow proportion for the NAA was
0.0011 and 0.0012 for the PA while the maximum value was 0.011 and 0.014 for the PA (Figure
5.D-33).

In the month of March during above normal water years, the median proportion of flow into the
Delta Cross Channel was predicted to be 20% lower for the NAA relative to the PA over the 82
water years (Figure 5.D-33). Median proportion of flow into the Delta Cross Channel was 0.005
for the NAA and 0.006 for the PA (Figure 5.D-33). The 25th percentile value of flow proportion
for the NAA was 0.003 and 0.004 for the PA while the 75th percentile value was 0.006 and
0.008 for the PA (Figure 5.D-33). The minimum value of flow proportion for the NAA was
0.0014 and 0.0015 for the PA while the maximum value was 0.011 and 0.012 for the PA (Figure
5.D-33).
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In the month of April during above normal water years, the median proportion of flow into the
Delta Cross Channel was predicted to be 14% lower for the NAA relative to the PA over the 82
water years (Figure 5.D-33). Median proportion of flow into the Delta Cross Channel was 0.007
for the NAA and 0.008 for the PA (Figure 5.D-33). The 25th percentile value of flow proportion
for the NAA was 0.006 and 0.006 for the PA while the 75th percentile value was 0.009 and
0.009 for the PA (Figure 5.D-33). The minimum value of flow proportion for the NAA was
0.0024 and 0.0025 for the PA while the maximum value was 0.024 and 0.025 for the PA (Figure
5.D-33).

In the month of May during above normal water years, the median proportion of flow into the
Delta Cross Channel was predicted to be 10% lower for the NAA relative to the PA over the 82
water years (Figure 5.D-33). Median proportion of flow into the Delta Cross Channel was 0.01
for the NAA and 0.011 for the PA (Figure 5.D-33). The 25th percentile value of flow proportion
for the NAA was 0.008 and 0.008 for the PA while the 75th percentile value was 0.011 and
0.012 for the PA (Figure 5.D-33). The minimum value of flow proportion for the NAA was
0.0027 and 0.0027 for the PA while the maximum value was 0.025 and 0.025 for the PA (Figure
5.D-33).

5.D.1.2.1.2.2.2.3 Below Normal Water Years

In the month of December during below normal water years, the median proportion of flow into
the Delta Cross Channel was predicted to be 11% lower for the NAA relative to the PA over the
82 water years (Figure 5.D-33). Median proportion of flow into the Delta Cross Channel was
0.009 for the NAA and 0.01 for the PA (Figure 5.D-33). The 25th percentile value of flow
proportion for the NAA was 0.008 and 0.009 for the PA while the 75th percentile value was
0.012 and 0.242 for the PA (Figure 5.D-33). The minimum value of flow proportion for the NAA
was 0.0041 and 0.005 for the PA while the maximum value was 0.468 and 0.471 for the PA
(Figure 5.D-33).

In the month of February during below normal water years, the median proportion of flow into
the Delta Cross Channel was predicted to be 14% lower for the NAA relative to the PA over the
82 water years (Figure 5.D-33). Median proportion of flow into the Delta Cross Channel was
0.007 for the NAA and 0.008 for the PA (Figure 5.D-33). The 25th percentile value of flow
proportion for the NAA was 0.004 and 0.004 for the PA while the 75th percentile value was
0.009 and 0.01 for the PA (Figure 5.D-33). The minimum value of flow proportion for the NAA
was 0.0019 and 0.0021 for the PA while the maximum value was 0.04 and 0.04 for the PA
(Figure 5.D-33).

In the month of March during below normal water years, the median proportion of flow into the
Delta Cross Channel was predicted to be 12% lower for the NAA relative to the PA over the 82
water years (Figure 5.D-33). Median proportion of flow into the Delta Cross Channel was 0.008
for the NAA and 0.009 for the PA (Figure 5.D-33). The 25th percentile value of flow proportion
for the NAA was 0.007 and 0.008 for the PA while the 75th percentile value was 0.01 and 0.01
for the PA (Figure 5.D-33). The minimum value of flow proportion for the NAA was 0.0031 and
0.0037 for the PA while the maximum value was 0.013 and 0.014 for the PA (Figure 5.D-33).
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5.D0.1.2.1.2.2.2.4  Dry Water Years

In the month of February during dry water years, the median proportion of flow into the Delta
Cross Channel was predicted to be 12% lower for the NAA relative to the PA over the 82 water
years (Figure 5.D-33). Median proportion of flow into the Delta Cross Channel was 0.008 for the
NAA and 0.009 for the PA (Figure 5.D-33). The 25th percentile value of flow proportion for the
NAA was 0.006 and 0.007 for the PA while the 75th percentile value was 0.01 and 0.01 for the
PA (Figure 5.D-33). The minimum value of flow proportion for the NAA was 0.0015 and 0.0017
for the PA while the maximum value was 0.017 and 0.024 for the PA (Figure 5.D-33).

In the month of March during dry water years, the median proportion of flow into the Delta
Cross Channel was predicted to be 12% lower for the NAA relative to the PA over the 82 water
years (Figure 5.D-33). Median proportion of flow into the Delta Cross Channel was 0.008 for the
NAA and 0.009 for the PA (Figure 5.D-33). The 25th percentile value of flow proportion for the
NAA was 0.006 and 0.008 for the PA while the 75th percentile value was 0.01 and 0.01 for the
PA (Figure 5.D-33). The minimum value of flow proportion for the NAA was 0.0023 and 0.0025
for the PA while the maximum value was 0.024 and 0.024 for the PA (Figure 5.D-33).

5.D0.1.2.1.2.2.25 Critical Water Years

In the month of February during critical water years, the median proportion of flow into the
Delta Cross Channel was predicted to be 11% lower for the NAA relative to the PA over the 82
water years (Figure 5.D-33). Median proportion of flow into the Delta Cross Channel was 0.009
for the NAA and 0.01 for the PA (Figure 5.D-33). The 25th percentile value of flow proportion
for the NAA was 0.008 and 0.009 for the PA while the 75th percentile value was 0.01 and 0.011
for the PA (Figure 5.D-33). The minimum value of flow proportion for the NAA was 0.0038 and
0.0046 for the PA while the maximum value was 0.025 and 0.026 for the PA (Figure 5.D-33).
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Figure 5.D-33. Proportion of flow entering the interior delta at the Delta Cross Channel during the 82-year
CALSIM period. Comparisons between the NAA (NAA) and the PA (PA) were performed for the months of

October through June. Plus symbol indicates median, box represents the interquartile range, and the

whiskers represent the minimum and maximum values.
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Central Valley Steelhead, Green Sturgeon, and Killer Whale

5.D.1.2.1.2.2.3 Georgiana Slough

5.D.1.2.1.2.2.3.1 Wet Years

In the month of December during wet water years, the median proportion of flow into Georgiana
Slough was predicted to be 9% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-34). Median proportion of flow into Georgiana Slough was 0.314 for the NAA and
0.342 for the PA (Figure 5.D-34). The 25th percentile value of flow proportion for the NAA was
0.293 and 0.293 for the PA while the 75th percentile value was 0.387 and 0.41 for the PA
(Figure 5.D-34). The minimum value of flow proportion for the NAA was 0.2801 and 0.264 for
the PA while the maximum value was 0.479 and 0.475 for the PA (Figure 5.D-34).

5.D.1.2.1.2.2.3.2 Above Normal Water Years

In the month of January during above normal water years, the median proportion of flow into
Georgiana Slough was predicted to be 8% lower for the NAA relative to the PA over the 82
water years (Figure 5.D-34). Median proportion of flow into Georgiana Slough was 0.304 for the
NAA and 0.327 for the PA (Figure 5.D-34). The 25th percentile value of flow proportion for the
NAA was 0.291 and 0.293 for the PA while the 75th percentile value was 0.364 and 0.385 for
the PA (Figure 5.D-34). The minimum value of flow proportion for the NAA was 0.2851 and
0.2847 for the PA while the maximum value was 0.468 and 0.461 for the PA (Figure 5.D-34).

In the month of April during above normal water years, the median proportion of flow into
Georgiana Slough was predicted to be 7% lower for the NAA relative to the PA over the 82
water years (Figure 5.D-34). Median proportion of flow into Georgiana Slough was 0.336 for the
NAA and 0.36 for the PA (Figure 5.D-34). The 25th percentile value of flow proportion for the
NAA was 0.305 and 0.307 for the PA while the 75th percentile value was 0.408 and 0.409 for
the PA (Figure 5.D-34). The minimum value of flow proportion for the NAA was 0.2856 and
0.2853 for the PA while the maximum value was 0.46 and 0.461 for the PA (Figure 5.D-34).

5.D.1.2.1.2.2.3.3 Below Normal Water Years

In the month of February during below normal water years, the median proportion of flow into
Georgiana Slough was predicted to be 12% lower for the NAA relative to the PA over the 82
water years (Figure 5.D-34). Median proportion of flow into Georgiana Slough was 0.339 for the
NAA and 0.379 for the PA (Figure 5.D-34). The 25th percentile value of flow proportion for the
NAA was 0.29 and 0.292 for the PA while the 75th percentile value was 0.416 and 0.428 for the
PA (Figure 5.D-34). The minimum value of flow proportion for the NAA was 0.2187 and 0.2132
for the PA while the maximum value was 0.471 and 0.473 for the PA (Figure 5.D-34).

In the month of March during below normal water years, the median proportion of flow into
Georgiana Slough was predicted to be 7% lower for the NAA relative to the PA over the 82
water years (Figure 5.D-34). Median proportion of flow into Georgiana Slough was 0.391 for the
NAA and 0.417 for the PA (Figure 5.D-34). The 25th percentile value of flow proportion for the
NAA was 0.325 and 0.378 for the PA while the 75th percentile value was 0.441 and 0.437 for
the PA (Figure 5.D-34). The minimum value of flow proportion for the NAA was 0.2903 and
0.2903 for the PA while the maximum value was 0.47 and 0.466 for the PA (Figure 5.D-34).
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5.D0.1.2.1.2.2.3.4  Dry Water Years

In the month of February during dry water years, the median proportion of flow into Georgiana
Slough was predicted to be 5% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-34). Median proportion of flow into Georgiana Slough was 0.382 for the NAA and
0.4 for the PA (Figure 5.D-34). The 25th percentile value of flow proportion for the NAA was
0.316 and 0.35 for the PA while the 75th percentile value was 0.431 and 0.437 for the PA
(Figure 5.D-34). The minimum value of flow proportion for the NAA was 0.2855 and 0.2841 for
the PA while the maximum value was 0.48 and 0.482 for the PA (Figure 5.D-34).

In the month of March during dry water years, the median proportion of flow into Georgiana
Slough was predicted to be 11% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-34). Median proportion of flow into Georgiana Slough was 0.366 for the NAA and
0.406 for the PA (Figure 5.D-34). The 25th percentile value of flow proportion for the NAA was
0.316 and 0.366 for the PA while the 75th percentile value was 0.434 and 0.435 for the PA
(Figure 5.D-34). The minimum value of flow proportion for the NAA was 0.2885 and 0.2899 for
the PA while the maximum value was 0.472 and 0.469 for the PA (Figure 5.D-34).
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Figure 5.D-34. Proportion of flow entering the interior delta at Georgiana Slough during the 82-year
CALSIM period. Comparisons between the NAA (NAA) and the PA (PA) were performed for the months of
October through June. Plus symbol indicates median, box represents the interquartile range, and the
whiskers represent the minimum and maximum values.
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5.D.1.2.1.2.2.4 Head of Old River

5.D.1.2.1.2.24.1 Wet Water Years

In the month of January during wet water years, the median proportion of flow into the head of
Old River was predicted to be 44% higher for the NAA relative to the PA over the 82 water
years (Figure 5.D-35). Median proportion of flow into the head of Old River was 0.58 for the
NAA and 0.322 for the PA (Figure 5.D-35). The 25th percentile value of flow proportion for the
NAA was 0.533 and 0.26 for the PA while the 75th percentile value was 0.635 and 0.494 for the
PA (Figure 5.D-35). The minimum value of flow proportion for the NAA was 0.4971 and 0.2469
for the PA while the maximum value was 0.682 and 0.532 for the PA (Figure 5.D-35).

In the month of February during wet water years, the median proportion of flow into the head of
Old River was predicted to be 47% higher for the NAA relative to the PA over the 82 water
years (Figure 5.D-35). Median proportion of flow into the head of Old River was 0.537 for the
NAA and 0.282 for the PA (Figure 5.D-35). The 25th percentile value of flow proportion for the
NAA was 0.53 and 0.256 for the PA while the 75th percentile value was 0.571 and 0.502 for the
PA (Figure 5.D-35). The minimum value of flow proportion for the NAA was 0.4961 and 0.2447
for the PA while the maximum value was 0.686 and 0.534 for the PA (Figure 5.D-35).

In the month of March during wet water years, the median proportion of flow into the head of
Old River was predicted to be 40% higher for the NAA relative to the PA over the 82 water
years (Figure 5.D-35). Median proportion of flow into the head of Old River was 0.534 for the
NAA and 0.323 for the PA (Figure 5.D-35). The 25th percentile value of flow proportion for the
NAA was 0.528 and 0.256 for the PA while the 75th percentile value was 0.55 and 0.52 for the
PA (Figure 5.D-35). The minimum value of flow proportion for the NAA was 0.4945 and 0.2436
for the PA while the maximum value was 0.682 and 0.531 for the PA (Figure 5.D-35).

In the month of April during wet water years, the median proportion of flow into the head of Old
River was predicted to be 51% higher for the NAA relative to the PA over the 82 water years
(Figure 5.D-35). Median proportion of flow into the head of Old River was 0.525 for the NAA
and 0.259 for the PA (Figure 5.D-35). The 25th percentile value of flow proportion for the NAA
was 0.521 and 0.253 for the PA while the 75th percentile value was 0.529 and 0.522 for the PA
(Figure 5.D-35). The minimum value of flow proportion for the NAA was 0.4957 and 0.2451 for
the PA while the maximum value was 0.624 and 0.53 for the PA (Figure 5.D-35).

In the month of May during wet water years, the median proportion of flow into the head of Old
River was predicted to be 51% higher for the NAA relative to the PA over the 82 water years
(Figure 5.D-35). Median proportion of flow into the head of Old River was 0.527 for the NAA
and 0.259 for the PA (Figure 5.D-35). The 25th percentile value of flow proportion for the NAA
was 0.522 and 0.251 for the PA while the 75th percentile value was 0.533 and 0.519 for the PA
(Figure 5.D-35). The minimum value of flow proportion for the NAA was 0.496 and 0.2469 for
the PA while the maximum value was 0.603 and 0.529 for the PA (Figure 5.D-35).

5.D0.1.2.1.2.2.4.2 Above Normal Water Years

In the month of January during above normal water years, the median proportion of flow into the
head of Old River was predicted to be 43% higher for the NAA relative to the PA over the 82
water years (Figure 5.D-35). Median proportion of flow into the head of Old River was 0.616 for
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the NAA and 0.349 for the PA (Figure 5.D-35). The 25th percentile value of flow proportion for
the NAA was 0.555 and 0.27 for the PA while the 75th percentile value was 0.64 and 0.389 for
the PA (Figure 5.D-35). The minimum value of flow proportion for the NAA was 0.5035 and
0.2539 for the PA while the maximum value was 0.68 and 0.532 for the PA (Figure 5.D-35).

In the month of February during above normal water years, the median proportion of flow into
the head of Old River was predicted to be 51% higher for the NAA relative to the PA over the 82
water years (Figure 5.D-35). Median proportion of flow into the head of Old River was 0.577 for
the NAA and 0.28 for the PA (Figure 5.D-35). The 25th percentile value of flow proportion for
the NAA was 0.535 and 0.258 for the PA while the 75th percentile value was 0.628 and 0.356
for the PA (Figure 5.D-35). The minimum value of flow proportion for the NAA was 0.3425 and
0.2507 for the PA while the maximum value was 0.682 and 0.532 for the PA (Figure 5.D-35).

In the month of March during above normal water years, the median proportion of flow into the
head of Old River was predicted to be 53% higher for the NAA relative to the PA over the 82
water years (Figure 5.D-35). Median proportion of flow into the head of Old River was 0.56 for
the NAA and 0.264 for the PA (Figure 5.D-35). The 25th percentile value of flow proportion for
the NAA was 0.536 and 0.252 for the PA while the 75th percentile value was 0.641 and 0.328
for the PA (Figure 5.D-35). The minimum value of flow proportion for the NAA was 0.4967 and
0.2419 for the PA while the maximum value was 0.675 and 0.53 for the PA (Figure 5.D-35).

In the month of April during above normal water years, the median proportion of flow into the
head of Old River was predicted to be 52% higher for the NAA relative to the PA over the 82
water years (Figure 5.D-35). Median proportion of flow into the head of Old River was 0.529 for
the NAA and 0.253 for the PA (Figure 5.D-35). The 25th percentile value of flow proportion for
the NAA was 0.524 and 0.25 for the PA while the 75th percentile value was 0.55 and 0.26 for
the PA (Figure 5.D-35). The minimum value of flow proportion for the NAA was 0.5169 and
0.2453 for the PA while the maximum value was 0.636 and 0.529 for the PA (Figure 5.D-35).

In the month of May during above normal water years, the median proportion of flow into the
head of Old River was predicted to be 53% higher for the NAA relative to the PA over the 82
water years (Figure 5.D-35). Median proportion of flow into the head of Old River was 0.537 for
the NAA and 0.252 for the PA (Figure 5.D-35). The 25th percentile value of flow proportion for
the NAA was 0.524 and 0.25 for the PA while the 75th percentile value was 0.567 and 0.263 for
the PA (Figure 5.D-35). The minimum value of flow proportion for the NAA was 0.5169 and
0.2463 for the PA while the maximum value was 0.614 and 0.53 for the PA (Figure 5.D-35).

In the month of June during above normal water years, the median proportion of flow into the
head of Old River was predicted to be 11% higher for the NAA relative to the PA over the 82
water years (Figure 5.D-35). Median proportion of flow into the head of Old River was 0.53 for
the NAA and 0.474 for the PA (Figure 5.D-35). The 25th percentile value of flow proportion for
the NAA was 0.506 and 0.27 for the PA while the 75th percentile value was 0.546 and 0.513 for
the PA (Figure 5.D-35). The minimum value of flow proportion for the NAA was 0.4828 and
0.238 for the PA while the maximum value was 0.585 and 0.576 for the PA (Figure 5.D-35).
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5.D.1.2.1.2.2.4.3 Below Normal Water Years

In the month of January during below normal water years, the median proportion of flow into the
head of Old River was predicted to be 46% higher for the NAA relative to the PA over the 82
water years (Figure 5.D-35). Median proportion of flow into the head of Old River was 0.635 for
the NAA and 0.342 for the PA (Figure 5.D-35). The 25th percentile value of flow proportion for
the NAA was 0.616 and 0.296 for the PA while the 75th percentile value was 0.654 and 0.383
for the PA (Figure 5.D-35). The minimum value of flow proportion for the NAA was 0.5316 and
0.2501 for the PA while the maximum value was 0.682 and 0.527 for the PA (Figure 5.D-35).

In the month of February during below normal water years, the median proportion of flow into
the head of Old River was predicted to be 41% higher for the NAA relative to the PA over the 82
water years (Figure 5.D-35). Median proportion of flow into the head of Old River was 0.602 for
the NAA and 0.353 for the PA (Figure 5.D-35). The 25th percentile value of flow proportion for
the NAA was 0.556 and 0.271 for the PA while the 75th percentile value was 0.635 and 0.398
for the PA (Figure 5.D-35). The minimum value of flow proportion for the NAA was 0.4661 and
0.2496 for the PA while the maximum value was 0.701 and 0.531 for the PA (Figure 5.D-35).

In the month of March during below normal water years, the median proportion of flow into the
head of Old River was predicted to be 53% higher for the NAA relative to the PA over the 82
water years (Figure 5.D-35). Median proportion of flow into the head of Old River was 0.611 for
the NAA and 0.289 for the PA (Figure 5.D-35). The 25th percentile value of flow proportion for
the NAA was 0.555 and 0.259 for the PA while the 75th percentile value was 0.638 and 0.335
for the PA (Figure 5.D-35). The minimum value of flow proportion for the NAA was 0.5291 and
0.245 for the PA while the maximum value was 0.674 and 0.53 for the PA (Figure 5.D-35).

In the month of April during below normal water years, the median proportion of flow into the
head of Old River was predicted to be 53% higher for the NAA relative to the PA over the 82
water years (Figure 5.D-35). Median proportion of flow into the head of Old River was 0.559 for
the NAA and 0.264 for the PA (Figure 5.D-35). The 25th percentile value of flow proportion for
the NAA was 0.527 and 0.254 for the PA while the 75th percentile value was 0.59 and 0.273 for
the PA (Figure 5.D-35). The minimum value of flow proportion for the NAA was 0.5171 and
0.2472 for the PA while the maximum value was 0.638 and 0.358 for the PA (Figure 5.D-35).

In the month of May during below normal water years, the median proportion of flow into the
head of Old River was predicted to be 52% higher for the NAA relative to the PA over the 82
water years (Figure 5.D-35). Median proportion of flow into the head of Old River was 0.582 for
the NAA and 0.279 for the PA (Figure 5.D-35). The 25th percentile value of flow proportion for
the NAA was 0.534 and 0.252 for the PA while the 75th percentile value was 0.601 and 0.293
for the PA (Figure 5.D-35). The minimum value of flow proportion for the NAA was 0.5156 and
0.2485 for the PA while the maximum value was 0.639 and 0.384 for the PA (Figure 5.D-35).

In the month of June during below normal water years, the median proportion of flow into the
head of Old River was predicted to be 18% higher for the NAA relative to the PA over the 82
water years (Figure 5.D-35). Median proportion of flow into the head of Old River was 0.504 for
the NAA and 0.412 for the PA (Figure 5.D-35). The 25th percentile value of flow proportion for
the NAA was 0.48 and 0.344 for the PA while the 75th percentile value was 0.53 and 0.491 for
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the PA (Figure 5.D-35). The minimum value of flow proportion for the NAA was 0.4185 and
0.2347 for the PA while the maximum value was 0.583 and 0.554 for the PA (Figure 5.D-35).

5.D0.1.2.1.2.2.4.4  Dry Water Years

In the month of January during dry water years, the median proportion of flow into the head of
Old River was predicted to be 44% higher for the NAA relative to the PA over the 82 water
years (Figure 5.D-35). Median proportion of flow into the head of Old River was 0.647 for the
NAA and 0.362 for the PA (Figure 5.D-35). The 25th percentile value of flow proportion for the
NAA was 0.631 and 0.327 for the PA while the 75th percentile value was 0.659 and 0.408 for
the PA (Figure 5.D-35). The minimum value of flow proportion for the NAA was 0.5323 and
0.2561 for the PA while the maximum value was 0.692 and 0.489 for the PA (Figure 5.D-35).

In the month of February during dry water years, the median proportion of flow into the head of
Old River was predicted to be 41% higher for the NAA relative to the PA over the 82 water
years (Figure 5.D-35). Median proportion of flow into the head of Old River was 0.634 for the
NAA and 0.371 for the PA (Figure 5.D-35). The 25th percentile value of flow proportion for the
NAA was 0.605 and 0.315 for the PA while the 75th percentile value was 0.652 and 0.399 for
the PA (Figure 5.D-35). The minimum value of flow proportion for the NAA was 0.3196 and
0.2212 for the PA while the maximum value was 0.715 and 0.537 for the PA (Figure 5.D-35).

In the month of March during dry water years, the median proportion of flow into the head of
Old River was predicted to be 39% higher for the NAA relative to the PA over the 82 water
years (Figure 5.D-35). Median proportion of flow into the head of Old River was 0.629 for the
NAA and 0.385 for the PA (Figure 5.D-35). The 25th percentile value of flow proportion for the
NAA was 0.59 and 0.316 for the PA while the 75th percentile value was 0.641 and 0.417 for the
PA (Figure 5.D-35). The minimum value of flow proportion for the NAA was 0.5272 and 0.2528
for the PA while the maximum value was 0.679 and 0.53 for the PA (Figure 5.D-35).

In the month of April during dry water years, the median proportion of flow into the head of Old
River was predicted to be 46% higher for the NAA relative to the PA over the 82 water years
(Figure 5.D-35). Median proportion of flow into the head of Old River was 0.597 for the NAA
and 0.322 for the PA (Figure 5.D-35). The 25th percentile value of flow proportion for the NAA
was 0.552 and 0.263 for the PA while the 75th percentile value was 0.609 and 0.366 for the PA
(Figure 5.D-35). The minimum value of flow proportion for the NAA was 0.5161 and 0.247 for
the PA while the maximum value was 0.638 and 0.526 for the PA (Figure 5.D-35).

In the month of May during dry water years, the median proportion of flow into the head of Old
River was predicted to be 44% higher for the NAA relative to the PA over the 82 water years
(Figure 5.D-35). Median proportion of flow into the head of Old River was 0.602 for the NAA
and 0.335 for the PA (Figure 5.D-35). The 25th percentile value of flow proportion for the NAA
was 0.575 and 0.28 for the PA while the 75th percentile value was 0.616 and 0.373 for the PA
(Figure 5.D-35). The minimum value of flow proportion for the NAA was 0.514 and 0.2455 for
the PA while the maximum value was 0.638 and 0.529 for the PA (Figure 5.D-35).

In the month of June during dry water years, the median proportion of flow into the head of Old
River was predicted to be 19% higher for the NAA relative to the PA over the 82 water years
(Figure 5.D-35). Median proportion of flow into the head of Old River was 0.467 for the NAA
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and 0.377 for the PA (Figure 5.D-35). The 25th percentile value of flow proportion for the NAA
was 0.429 and 0.323 for the PA while the 75th percentile value was 0.518 and 0.43 for the PA
(Figure 5.D-35). The minimum value of flow proportion for the NAA was 0.3444 and 0.2394 for
the PA while the maximum value was 0.575 and 0.55 for the PA (Figure 5.D-35).

5.D.1.2.1.2.2.4.5 Critical Water Years

In the month of January during critical water years, the median proportion of flow into the head
of Old River was predicted to be 37% higher for the NAA relative to the PA over the 82 water
years (Figure 5.D-35). Median proportion of flow into the head of Old River was 0.638 for the
NAA and 0.405 for the PA (Figure 5.D-35). The 25th percentile value of flow proportion for the
NAA was 0.614 and 0.39 for the PA while the 75th percentile value was 0.657 and 0.423 for the
PA (Figure 5.D-35). The minimum value of flow proportion for the NAA was 0.5373 and 0.2665
for the PA while the maximum value was 0.686 and 0.483 for the PA (Figure 5.D-35).

In the month of February during critical water years, the median proportion of flow into the head
of Old River was predicted to be 38% higher for the NAA relative to the PA over the 82 water
years (Figure 5.D-35). Median proportion of flow into the head of Old River was 0.622 for the
NAA and 0.383 for the PA (Figure 5.D-35). The 25th percentile value of flow proportion for the
NAA was 0.576 and 0.363 for the PA while the 75th percentile value was 0.65 and 0.401 for the
PA (Figure 5.D-35). The minimum value of flow proportion for the NAA was 0.4607 and 0.253
for the PA while the maximum value was 0.68 and 0.444 for the PA (Figure 5.D-35).

In the month of March during critical water years, the median proportion of flow into the head of
Old River was predicted to be 33% higher for the NAA relative to the PA over the 82 water
years (Figure 5.D-35). Median proportion of flow into the head of Old River was 0.594 for the
NAA and 0.398 for the PA (Figure 5.D-35). The 25th percentile value of flow proportion for the
NAA was 0.571 and 0.378 for the PA while the 75th percentile value was 0.618 and 0.417 for
the PA (Figure 5.D-35). The minimum value of flow proportion for the NAA was 0.4915 and
0.2513 for the PA while the maximum value was 0.647 and 0.457 for the PA (Figure 5.D-35).

In the month of April during critical water years, the median proportion of flow into the head of
Old River was predicted to be 31% higher for the NAA relative to the PA over the 82 water
years (Figure 5.D-35). Median proportion of flow into the head of Old River was 0.567 for the
NAA and 0.393 for the PA (Figure 5.D-35). The 25th percentile value of flow proportion for the
NAA was 0.537 and 0.371 for the PA while the 75th percentile value was 0.592 and 0.41 for the
PA (Figure 5.D-35). The minimum value of flow proportion for the NAA was 0.4807 and 0.2496
for the PA while the maximum value was 0.633 and 0.449 for the PA (Figure 5.D-35).

In the month of May during critical water years, the median proportion of flow into the head of
Old River was predicted to be 34% higher for the NAA relative to the PA over the 82 water
years (Figure 5.D-35). Median proportion of flow into the head of Old River was 0.58 for the
NAA and 0.383 for the PA (Figure 5.D-35). The 25th percentile value of flow proportion for the
NAA was 0.557 and 0.364 for the PA while the 75th percentile value was 0.597 and 0.396 for
the PA (Figure 5.D-35). The minimum value of flow proportion for the NAA was 0.3785 and
0.2506 for the PA while the maximum value was 0.631 and 0.421 for the PA (Figure 5.D-35).
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In the month of June during critical water years, the median proportion of flow into the head of
Old River was predicted to be 16% higher for the NAA relative to the PA over the 82 water
years (Figure 5.D-35). Median proportion of flow into the head of Old River was 0.367 for the
NAA and 0.307 for the PA (Figure 5.D-35). The 25th percentile value of flow proportion for the
NAA was 0.327 and 0.265 for the PA while the 75th percentile value was 0.412 and 0.355 for
the PA (Figure 5.D-35). The minimum value of flow proportion for the NAA was 0.203 and
0.125 for the PA while the maximum value was 0.54 and 0.538 for the PA (Figure 5.D-35).
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Figure 5.D-35. Proportion of flow entering the interior delta at the head of Old River during the 82-year
CALSIM period. Comparisons between the NAA (NAA) and the PA (PA) were performed for the months of

October through June. Plus symbol indicates median, box represents the interquartile range, and the

whiskers represent the minimum and maximum values.
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5.D.1.2.1.2.25 Middle River

5.D.1.2.1.2.25.1 Wet Water Years

In the month of February during wet water years, the median proportion of flow into Middle
River was predicted to be 6% higher for the NAA relative to the PA over the 82 water years
(Figure 5.D-36). Median proportion of flow into Middle River was 0.185 for the NAA and 0.174
for the PA (Figure 5.D-36). The 25th percentile value of flow proportion for the NAA was 0.176
and 0.161 for the PA while the 75th percentile value was 0.191 and 0.182 for the PA (Figure
5.D-36). The minimum value of flow proportion for the NAA was 0.0874 and 0.0346 for the PA
while the maximum value was 0.222 and 0.21 for the PA (Figure 5.D-36).

In the month of March during wet water years, the median proportion of flow into Middle River
was predicted to be 9% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-36). Median proportion of flow into Middle River was 0.184 for the NAA and 0.168 for the
PA (Figure 5.D-36). The 25th percentile value of flow proportion for the NAA was 0.175 and
0.155 for the PA while the 75th percentile value was 0.19 and 0.178 for the PA (Figure 5.D-36).
The minimum value of flow proportion for the NAA was 0.0162 and 0.0082 for the PA while the
maximum value was 0.221 and 0.2 for the PA (Figure 5.D-36).

In the month of June during wet water years, the median proportion of flow into Middle River
was predicted to be 5% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-36). Median proportion of flow into Middle River was 0.186 for the NAA and 0.176 for the
PA (Figure 5.D-36). The 25th percentile value of flow proportion for the NAA was 0.178 and
0.168 for the PA while the 75th percentile value was 0.192 and 0.182 for the PA (Figure 5.D-36).
The minimum value of flow proportion for the NAA was 0.1464 and 0.1232 for the PA while the
maximum value was 0.212 and 0.207 for the PA (Figure 5.D-36).

5.D.1.2.1.2.25.2 Above Normal Water Years

In the month of March during above normal water years, the median proportion of flow into
Middle River was predicted to be 5% higher for the NAA relative to the PA over the 82 water
years (Figure 5.D-36). Median proportion of flow into Middle River was 0.183 for the NAA and
0.173 for the PA (Figure 5.D-36). The 25th percentile value of flow proportion for the NAA was
0.178 and 0.167 for the PA while the 75th percentile value was 0.19 and 0.179 for the PA
(Figure 5.D-36). The minimum value of flow proportion for the NAA was 0.1371 and 0.1255 for
the PA while the maximum value was 0.209 and 0.196 for the PA (Figure 5.D-36).
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Figure 5.D-36. Proportion of flow entering the interior delta at Middle River during the 82-year CALSIM
period. Comparisons between the NAA (NAA) and the PA (PA) were performed for the months of October
through June. Plus symbol indicates median, box represents the interquartile range, and the whiskers
represent the minimum and maximum values.
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5.D0.1.2.1.2.2.6 Columbia Cut

5.D0.1.2.1.2.2.6.1 Wet Water Years

In the month of February during wet water years, the median proportion of flow into Columbia
Cut was predicted to be 6% higher for the NAA relative to the PA over the 82 water years
(Figure 5.D-37). Median proportion of flow into Columbia Cut was 0.171 for the NAA and
0.161 for the PA (Figure 5.D-37). The 25th percentile value of flow proportion for the NAA was
0.158 and 0.148 for the PA while the 75th percentile value was 0.182 and 0.173 for the PA
(Figure 5.D-37). The minimum value of flow proportion for the NAA was 0.0394 and 0.0158 for
the PA while the maximum value was 0.276 and 0.22 for the PA (Figure 5.D-37).

In the month of March during wet water years, the median proportion of flow into Columbia Cut
was predicted to be 9% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-37). Median proportion of flow into Columbia Cut was 0.173 for the NAA and 0.157 for the
PA (Figure 5.D-37). The 25th percentile value of flow proportion for the NAA was 0.16 and
0.145 for the PA while the 75th percentile value was 0.182 and 0.169 for the PA (Figure 5.D-37).
The minimum value of flow proportion for the NAA was 0 and 0 for the PA while the maximum
value was 0.282 and 0.212 for the PA (Figure 5.D-37).

In the month of June during wet water years, the median proportion of flow into Columbia Cut
was predicted to be 5% higher for the NAA relative to the PA over the 82 water years (Figure
5.D-37). Median proportion of flow into Columbia Cut was 0.169 for the NAA and 0.161 for the
PA (Figure 5.D-37). The 25th percentile value of flow proportion for the NAA was 0.162 and
0.153 for the PA while the 75th percentile value was 0.179 and 0.169 for the PA (Figure 5.D-37).
The minimum value of flow proportion for the NAA was 0.1308 and 0.0779 for the PA while the
maximum value was 0.209 and 0.192 for the PA (Figure 5.D-37).

5.D.1.2.1.2.2.6.2 Above Normal Water Years

In the month of March during above normal water years, the median proportion of flow into
Columbia Cut was predicted to be 5% higher for the NAA relative to the PA over the 82 water
years (Figure 5.D-37). Median proportion of flow into Columbia Cut was 0.166 for the NAA and
0.158 for the PA (Figure 5.D-37). The 25th percentile value of flow proportion for the NAA was
0.157 and 0.15 for the PA while the 75th percentile value was 0.176 and 0.166 for the PA
(Figure 5.D-37). The minimum value of flow proportion for the NAA was 0.1222 and 0.1029 for
the PA while the maximum value was 0.225 and 0.194 for the PA (Figure 5.D-37).

In the month of April during above normal water years, the median proportion of flow into
Columbia Cut was predicted to be 5% lower for the NAA relative to the PA over the 82 water
years (Figure 5.D-37). Median proportion of flow into Columbia Cut was 0.153 for the NAA and
0.16 for the PA (Figure 5.D-37). The 25th percentile value of flow proportion for the NAA was
0.148 and 0.153 for the PA while the 75th percentile value was 0.157 and 0.166 for the PA
(Figure 5.D-37). The minimum value of flow proportion for the NAA was 0.1198 and 0.124 for
the PA while the maximum value was 0.178 and 0.187 for the PA (Figure 5.D-37).

In the month of May during above normal water years, the median proportion of flow into
Columbia Cut was predicted to be 5% lower for the NAA relative to the PA over the 82 water
years (Figure 5.D-37). Median proportion of flow into Columbia Cut was 0.151 for the NAA and
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0.159 for the PA (Figure 5.D-37). The 25th percentile value of flow proportion for the NAA was
0.146 and 0.153 for the PA while the 75th percentile value was 0.156 and 0.164 for the PA
(Figure 5.D-37). The minimum value of flow proportion for the NAA was 0.1209 and 0.1293 for
the PA while the maximum value was 0.168 and 0.178 for the PA (Figure 5.D-37).

5.D.1.2.1.2.2.6.3 Below Normal Water Years

In the month of April during below normal water years, the median proportion of flow into
Columbia Cut was predicted to be 6% lower for the NAA relative to the PA over the 82 water
years (Figure 5.D-37). Median proportion of flow into Columbia Cut was 0.151 for the NAA and
0.16 for the PA (Figure 5.D-37). The 25th percentile value of flow proportion for the NAA was
0.147 and 0.155 for the PA while the 75th percentile value was 0.156 and 0.166 for the PA
(Figure 5.D-37). The minimum value of flow proportion for the NAA was 0.1214 and 0.1317 for
the PA while the maximum value was 0.176 and 0.188 for the PA (Figure 5.D-37).

In the month of May during below normal water years, the median proportion of flow into
Columbia Cut was predicted to be 6% lower for the NAA relative to the PA over the 82 water
years (Figure 5.D-37). Median proportion of flow into Columbia Cut was 0.149 for the NAA and
0.158 for the PA (Figure 5.D-37). The 25th percentile value of flow proportion for the NAA was
0.144 and 0.152 for the PA while the 75th percentile value was 0.154 and 0.163 for the PA
(Figure 5.D-37). The minimum value of flow proportion for the NAA was 0.1177 and 0.1251 for
the PA while the maximum value was 0.17 and 0.178 for the PA (Figure 5.D-37).

5.0.1.2.1.2.2.6.4  Dry Water Years

In the month of April during dry water years, the median proportion of flow into Columbia Cut
was predicted to be 5% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-37). Median proportion of flow into Columbia Cut was 0.149 for the NAA and 0.156 for the
PA (Figure 5.D-37). The 25th percentile value of flow proportion for the NAA was 0.144 and
0.15 for the PA while the 75th percentile value was 0.155 and 0.164 for the PA (Figure 5.D-37).
The minimum value of flow proportion for the NAA was 0.1117 and 0.1166 for the PA while the
maximum value was 0.179 and 0.19 for the PA (Figure 5.D-37).
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Figure 5.D-37. Proportion of flow entering the interior delta at Columbia Cut during the 82-year CALSIM
period. Comparisons between the NAA (NAA) and the PA (PA) were performed for the months of October
through June. Plus symbol indicates median, box represents the interquartile range, and the whiskers
represent the minimum and maximum values.
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5.D.1.2.1.2.2.7 Turner Cut

5.D.1.2.1.2.2.7.1 Wet Water Years

In the month of April during wet water years, the median proportion of flow into Turner Cut was
predicted to be 5% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-38). Median proportion of flow into Turner Cut was 0.18 for the NAA and 0.189 for the PA
(Figure 5.D-38). The 25th percentile value of flow proportion for the NAA was 0.169 and 0.18
for the PA while the 75th percentile value was 0.194 and 0.199 for the PA (Figure 5.D-38). The
minimum value of flow proportion for the NAA was 0.0733 and 0.0588 for the PA while the
maximum value was 0.227 and 0.235 for the PA (Figure 5.D-38).

In the month of May during wet water years, the median proportion of flow into Turner Cut was
predicted to be 6% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-38). Median proportion of flow into Turner Cut was 0.177 for the NAA and 0.187 for the
PA (Figure 5.D-38). The 25th percentile value of flow proportion for the NAA was 0.167 and
0.177 for the PA while the 75th percentile value was 0.195 and 0.197 for the PA (Figure 5.D-38).
The minimum value of flow proportion for the NAA was 0.1084 and 0.0854 for the PA while the
maximum value was 0.246 and 0.233 for the PA (Figure 5.D-38).

5.D.1.2.1.2.2.7.2 Above Normal Water Years

In the month of February during above normal water years, the median proportion of flow into
Turner Cut was predicted to be 6% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-38). Median proportion of flow into Turner Cut was 0.175 for the NAA and 0.185
for the PA (Figure 5.D-38). The 25th percentile value of flow proportion for the NAA was 0.162
and 0.168 for the PA while the 75th percentile value was 0.187 and 0.196 for the PA (Figure
5.D-38). The minimum value of flow proportion for the NAA was 0.0712 and 0.058 for the PA
while the maximum value was 0.227 and 0.234 for the PA (Figure 5.D-38).

In the month of April during above normal water years, the median proportion of flow into
Turner Cut was predicted to be 11% lower for the NAA relative to the PA over the 82 water
years (Figure 5.D-38). Median proportion of flow into Turner Cut was 0.17 for the NAA and
0.188 for the PA (Figure 5.D-38). The 25th percentile value of flow proportion for the NAA was
0.163 and 0.178 for the PA while the 75th percentile value was 0.179 and 0.197 for the PA
(Figure 5.D-38). The minimum value of flow proportion for the NAA was 0.1348 and 0.1522 for
the PA while the maximum value was 0.215 and 0.226 for the PA (Figure 5.D-38).

In the month of May during above normal water years, the median proportion of flow into
Turner Cut was predicted to be 11% lower for the NAA relative to the PA over the 82 water
years (Figure 5.D-38). Median proportion of flow into Turner Cut was 0.167 for the NAA and
0.186 for the PA (Figure 5.D-38). The 25th percentile value of flow proportion for the NAA was
0.161 and 0.177 for the PA while the 75th percentile value was 0.177 and 0.196 for the PA
(Figure 5.D-38). The minimum value of flow proportion for the NAA was 0.1369 and 0.1516 for
the PA while the maximum value was 0.209 and 0.228 for the PA (Figure 5.D-38).
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5.D.1.2.1.2.2.7.3 Below Normal Water Years

In the month of February during below normal water years, the median proportion of flow into
Turner Cut was predicted to be 7% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-38). Median proportion of flow into Turner Cut was 0.169 for the NAA and 0.182
for the PA (Figure 5.D-38). The 25th percentile value of flow proportion for the NAA was 0.158
and 0.169 for the PA while the 75th percentile value was 0.184 and 0.196 for the PA (Figure
5.D-38). The minimum value of flow proportion for the NAA was 0.1291 and 0.133 for the PA
while the maximum value was 0.247 and 0.234 for the PA (Figure 5.D-38).

In the month of March during below normal water years, the median proportion of flow into
Turner Cut was predicted to be 7% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-38). Median proportion of flow into Turner Cut was 0.169 for the NAA and 0.182
for the PA (Figure 5.D-38). The 25th percentile value of flow proportion for the NAA was 0.16
and 0.168 for the PA while the 75th percentile value was 0.18 and 0.195 for the PA (Figure
5.D-38). The minimum value of flow proportion for the NAA was 0.1319 and 0.1365 for the PA
while the maximum value was 0.221 and 0.228 for the PA (Figure 5.D-38).

In the month of April during below normal water years, the median proportion of flow into
Turner Cut was predicted to be 11% lower for the NAA relative to the PA over the 82 water
years (Figure 5.D-38). Median proportion of flow into Turner Cut was 0.164 for the NAA and
0.182 for the PA (Figure 5.D-38). The 25th percentile value of flow proportion for the NAA was
0.157 and 0.173 for the PA while the 75th percentile value was 0.173 and 0.193 for the PA
(Figure 5.D-38). The minimum value of flow proportion for the NAA was 0.1362 and 0.1543 for
the PA while the maximum value was 0.199 and 0.228 for the PA (Figure 5.D-38).

In the month of May during below normal water years, the median proportion of flow into
Turner Cut was predicted to be 9% lower for the NAA relative to the PA over the 82 water years
(Figure 5.D-38). Median proportion of flow into Turner Cut was 0.161 for the NAA and 0.176
for the PA (Figure 5.D-38). The 25th percentile value of flow proportion for the NAA was 0.155
and 0.169 for the PA while the 75th percentile value was 0.169 and 0.188 for the PA (Figure
5.D-38). The minimum value of flow proportion for the NAA was 0.1307 and 0.1421 for the PA
while the maximum value was 0.191 and 0.217 for the PA (Figure 5.D-38).

5.0.1.2.1.2.2.7.4  Dry Water Years

In the month of February during dry water years, the median proportion of flow into Turner Cut
was predicted to be 6% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-38). Median proportion of flow into Turner Cut was 0.161 for the NAA and 0.17 for the PA
(Figure 5.D-38). The 25th percentile value of flow proportion for the NAA was 0.156 and 0.162
for the PA while the 75th percentile value was 0.17 and 0.18 for the PA (Figure 5.D-38). The
minimum value of flow proportion for the NAA was 0.1248 and 0.1034 for the PA while the
maximum value was 0.224 and 0.233 for the PA (Figure 5.D-38).

In the month of March during dry water years, the median proportion of flow into Turner Cut
was predicted to be 6% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-38). Median proportion of flow into Turner Cut was 0.159 for the NAA and 0.168 for the
PA (Figure 5.D-38). The 25th percentile value of flow proportion for the NAA was 0.153 and
0.16 for the PA while the 75th percentile value was 0.167 and 0.18 for the PA (Figure 5.D-38).
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The minimum value of flow proportion for the NAA was 0.1235 and 0.1282 for the PA while the
maximum value was 0.237 and 0.246 for the PA (Figure 5.D-38).

In the month of April during dry water years, the median proportion of flow into Turner Cut was
predicted to be 8% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-38). Median proportion of flow into Turner Cut was 0.157 for the NAA and 0.17 for the PA
(Figure 5.D-38). The 25th percentile value of flow proportion for the NAA was 0.15 and 0.162
for the PA while the 75th percentile value was 0.168 and 0.184 for the PA (Figure 5.D-38). The
minimum value of flow proportion for the NAA was 0.1271 and 0.1346 for the PA while the
maximum value was 0.216 and 0.231 for the PA (Figure 5.D-38).

In the month of May during dry water years, the median proportion of flow into Turner Cut was
predicted to be 7% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-38). Median proportion of flow into Turner Cut was 0.157 for the NAA and 0.168 for the
PA (Figure 5.D-38). The 25th percentile value of flow proportion for the NAA was 0.15 and
0.161 for the PA while the 75th percentile value was 0.165 and 0.179 for the PA (Figure 5.D-38).
The minimum value of flow proportion for the NAA was 0.1206 and 0.129 for the PA while the
maximum value was 0.213 and 0.242 for the PA (Figure 5.D-38).

5.D.1.2.1.2.2.7.5 Critical Water Years

In the month of February during critical water years, the median proportion of flow into Turner
Cut was predicted to be 5% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-38). Median proportion of flow into Turner Cut was 0.158 for the NAA and 0.166 for the
PA (Figure 5.D-38). The 25th percentile value of flow proportion for the NAA was 0.153 and
0.16 for the PA while the 75th percentile value was 0.165 and 0.174 for the PA (Figure 5.D-38).
The minimum value of flow proportion for the NAA was 0.1196 and 0.1263 for the PA while the
maximum value was 0.207 and 0.229 for the PA (Figure 5.D-38).

In the month of March during critical water years, the median proportion of flow into Turner Cut
was predicted to be 5% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-38). Median proportion of flow into Turner Cut was 0.152 for the NAA and 0.159 for the
PA (Figure 5.D-38). The 25th percentile value of flow proportion for the NAA was 0.147 and
0.153 for the PA while the 75th percentile value was 0.158 and 0.166 for the PA (Figure 5.D-38).
The minimum value of flow proportion for the NAA was 0.1241 and 0.1276 for the PA while the
maximum value was 0.184 and 0.205 for the PA (Figure 5.D-38).

In the month of April during critical water years, the median proportion of flow into Turner Cut
was predicted to be 5% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-38). Median proportion of flow into Turner Cut was 0.15 for the NAA and 0.157 for the PA
(Figure 5.D-38). The 25th percentile value of flow proportion for the NAA was 0.146 and 0.151
for the PA while the 75th percentile value was 0.156 and 0.164 for the PA (Figure 5.D-38). The
minimum value of flow proportion for the NAA was 0.1221 and 0.126 for the PA while the
maximum value was 0.18 and 0.202 for the PA (Figure 5.D-38).

In the month of May during critical water years, the median proportion of flow into Turner Cut
was predicted to be 5% lower for the NAA relative to the PA over the 82 water years (Figure
5.D-38). Median proportion of flow into Turner Cut was 0.151 for the NAA and 0.158 for the
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PA (Figure 5.D-38). The 25th percentile value of flow proportion for the NAA was 0.146 and
0.153 for the PA while the 75th percentile value was 0.157 and 0.165 for the PA (Figure 5.D-38).
The minimum value of flow proportion for the NAA was 0.1255 and 0.1324 for the PA while the
maximum value was 0.18 and 0.2 for the PA (Figure 5.D-38).
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Figure 5.D-38. Proportion of flow entering the interior delta at Turner Cut during the 82-year CALSIM
period. Comparisons between the NAA (NAA) and the PA (PA) were performed for the months of October
through June. Plus symbol indicates median, box represents the interquartile range, and the whiskers
represent the minimum and maximum values.
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5.D.1.2.1.2.2.8 Mouth of Old River

5.D0.1.2.1.2.2.8.1 Wet Water Years

In the month of February during wet water years, the median proportion of flow into the mouth
of Old River was predicted to be 6% higher for the NAA relative to the PA over the 82 water
years (Figure 5.D-39). Median proportion of flow into the mouth of Old River was 0.182 for the
NAA and 0.17 for the PA (Figure 5.D-39). The 25th percentile value of flow proportion for the
NAA was 0.172 and 0.161 for the PA while the 75th percentile value was 0.196 and 0.18 for the
PA (Figure 5.D-39). The minimum value of flow proportion for the NAA was 0.1251 and 0.0932
for the PA while the maximum value was 0.597 and 0.537 for the PA (Figure 5.D-39).

In the month of March during wet water years, the median proportion of flow into the mouth of
Old River was predicted to be 7% higher for the NAA relative to the PA over the 82 water years
(Figure 5.D-39). Median proportion of flow into the mouth of Old River was 0.177 for the NAA
and 0.164 for the PA (Figure 5.D-39). The 25th percentile value of flow proportion for the NAA
was 0.168 and 0.157 for the PA while the 75th percentile value was 0.187 and 0.172 for the PA
(Figure 5.D-39). The minimum value of flow proportion for the NAA was 0.1219 and 0.0455 for
the PA while the maximum value was 0.359 and 0.315 for the PA (Figure 5.D-39).

5.D.1.2.1.2.2.8.2 Above Normal Water Years

In the month of March during above normal water years, the median proportion of flow into the
mouth of Old River was predicted to be 5% higher for the NAA relative to the PA over the 82
water years (Figure 5.D-39). Median proportion of flow into the mouth of Old River was 0.173
for the NAA and 0.164 for the PA (Figure 5.D-39). The 25th percentile value of flow proportion
for the NAA was 0.164 and 0.158 for the PA while the 75th percentile value was 0.182 and
0.171 for the PA (Figure 5.D-39). The minimum value of flow proportion for the NAA was
0.1414 and 0.1313 for the PA while the maximum value was 0.305 and 0.248 for the PA (Figure
5.D-39).
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Figure 5.D-39. Proportion of flow entering the interior delta at the mouth of Old River during the 82-year
CALSIM period. Comparisons between the NAA (NAA) and the PA (PA) were performed for the months of

October through June. Plus symbol indicates median, box represents the interquartile range, and the

whiskers represent the minimum and maximum values.
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5.D.1.2.2 Delta Passage Model

This section discusses the details of the Delta Passage Model (DPM) and the methods for
implementation in the effects analysis of the PA. Results are presented in Chapter 5, Section
5.4.1.3, Assess Species Response to the Proposed Action.

5.D.12.21 Introduction

The DPM simulates migration of Chinook salmon smolts entering the Delta from the Sacramento
River, Mokelumne River, and San Joaquin River and estimates survival to Chipps Island. The
DPM uses available time-series data and values taken from empirical studies or other sources to
parameterize model relationships and inform uncertainty, thereby using the greatest amount of
data available to dynamically simulate responses of smolt survival to changes in water
management. Although the DPM is based primarily on studies of winter-run Chinook salmon
smolt surrogates (late fall-run Chinook salmon), it is applied here for winter-run, spring-run,
fall-run, and late fall-run Chinook salmon by adjusting emigration timing and assuming that all
migrating Chinook salmon smolts will respond similarly to Delta conditions. The DPM results
presented here reflect the current version of the model, which continues to be reviewed and
refined, and for which a sensitivity analysis has been completed to examine various aspects of
uncertainty related to the model’s inputs and parameters (see description of methods and results
in Section 5.D.1.2.2.5, Sensitivity Analysis).

Although studies have shown considerable variation in emigrant size, with Central Valley
Chinook salmon migrating as fry, parr, or smolts (Brandes and McLain 2001; Williams 2001),
the DPM relies predominantly on data from acoustic-tagging studies of large (>140 mm) smolts,
and therefore should be applied very cautiously to pre-smolt migrants. Salmon juveniles less than
80 mm are more likely to exhibit rearing behavior in the Delta (Moyle 2002) and thus likely will
be represented poorly by the DPM. It has been assumed that the downstream emigration of fry,
when spawning grounds are well upstream, is probably a dispersal mechanism that helps
distribute fry among suitable rearing habitats. However, even when rearing habitat does not
appear to be a limiting factor, downstream movement of fry still may be observed, suggesting
that fry emigration is a viable alternative life-history strategy (Healy 1980; Healey and Jordan
1982; Miller et al. 2010). Unfortunately, survival data are lacking for small (fry-sized) juvenile
emigrants because of the difficulty of tagging such small individuals. Therefore, the DPM should
be viewed as a smolt survival model only, with its survival relationships generally having been
derived from larger smolts (>140 mm), with the fate of pre-smolt emigrants not incorporated into
model results.

The DPM has undergone substantial revisions based on comments received through the BDCP
preliminary proposal anadromous team meetings and in particular through feedback received
during a workshop held on August 24, 2010, a 2-day workshop held June 23-24, 2011, and since
then from various meetings of a workgroup consisting of agency biologists and consultants. This
effects analysis uses the most recent version of the DPM as of September 2015. The DPM is
viewed as a simulation framework that can be changed as more data or new hypotheses
regarding smolt migration and survival become available. The results are based on these
revisions.
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Survival and abundance estimates generated by the DPM are not intended to predict future
outcomes. Instead, the DPM provides a simulation tool that compares the effects of different
water management options on smolt migration survival, with accompanying estimates of
uncertainty. The DPM was used to evaluate overall through-Delta survival and migration
pathway use/survival for the NAA and PA scenarios. Note that the DPM is a tool to compare
different scenarios and is not intended to predict actual through-Delta survival under current or
future conditions. In keeping with other methods found in the effects analysis, it is possible that
underlying relationships (e.g., flow-survival) that are used to inform the DPM will change in the
future; there is an assumption of stationarity of these basic relationships to allow scenarios to be
compared for the current analysis, recognizing that it may be necessary to re-examine the
relationships as new information becomes available.

5.D.1.2.2.2 Model Overview

The DPM is based on a detailed accounting of migratory pathways and reach-specific mortality
as Chinook salmon smolts travel through a simplified network of reaches and junctions (Figure
5.D-40). The biological functionality of the DPM is based on the foundation provided by Perry et
al. (2010) as well as other acoustic tagging—based studies (San Joaquin River Group Authority
2008, 2010; Holbrook et al. 2009) and coded wire tag (CWT)-based studies (Newman and
Brandes 2010; Newman 2008). Uncertainty is explicitly modeled in the DPM by incorporating
environmental stochasticity and estimation error whenever available.

The major model functions in the DPM are as follows.

1. Delta Entry Timing, which models the temporal distribution of smolts entering the Delta
for each race of Chinook salmon.

2. Fish Behavior at Junctions, which models fish movement as they approach river
junctions.

3. Migration Speed, which models reach-specific smolt migration speed and travel time.

4. Route-Specific Survival, which models route-specific survival response to non-flow
factors.

5. Flow-Dependent Survival, which models reach-specific survival response to flow.

6. Export-Dependent Survival, which models survival response to water export levels in the
Interior Delta reach (see Table 5.D-35 for reach description).

Functional relationships are described in detail in Section 5.D.1.2.2.2.5, Model Functions.

5.D.1.22.21 Model Time Step

The DPM operates on a daily time step using simulated daily average flows and Delta exports as
model inputs. The DPM does not attempt to represent sub-daily flows or diel salmon smolt
behavior in response to the interaction of tides, flows, and specific channel features. The DPM is
intended to represent the net outcome of migration and mortality occurring over days, not three-
dimensional movements occurring over minutes or hours (e.g., Blake and Horn 2003). It is
acknowledged that finer scale modeling with a shorter time step may match the biological
processes governing fish movement better than a daily time step (e.g., because of diel activity
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patterns; Plumb et al. 2015) and that sub-daily differences in flow proportions into junctions
make daily estimates somewhat coarse (Cavallo et al. 2015).

5.D.1.2.2.2.2 Spatial Framework

The DPM is composed of nine reaches and four junctions (Figure 5.D-40; Table 5.D-35) selected
to represent primary salmonid migration corridors where high-quality data were available for fish
and hydrodynamics. For simplification, Sutter Slough and Steamboat Slough are combined as the
reach SS; and Georgiana Slough, the Delta Cross Channel (DCC), and the forks of the
Mokelumne River to which the DCC leads are combined as Geo/DCC. The Geo/DCC reach can
be entered by Mokelumne River fall-run Chinook salmon at the head of the South and North
Forks of the Mokelumne River or by Sacramento runs through the combined junction of
Georgiana Slough and DCC (Junction C). The Interior Delta reach can be entered from three
different pathways: Geo/DCC, San Joaquin River via Old River Junction (Junction D), and Old
River via Junction D. The entire Interior Delta region is treated as a single model reachs3. The
four distributary junctions (channel splits) depicted in the DPM are (A) Sacramento River at
Fremont Weir (head of Yolo Bypass), (B) Sacramento River at head of Sutter and Steamboat
Sloughs, (C) Sacramento River at the combined junction with Georgiana Slough and DCC, and
(D) San Joaquin River at the head of Old River (Figure 5.D-40, Table 5.D-35).

3 It is acknowledged that reach-specific survival data for the various channels within the Interior Delta are becoming
increasingly available (Buchanan et al. 2013; Delaney et al. 2014), which could allow model refinement in the future
to account for reach-specific differences. At present, such effects are implicitly represented by the flow-survival
relationships described in Section 5.D.1.2.2.2.5.5.
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Table 5.D-35. Description of Modeled Reaches and Junctions in the Delta Passage Model

Reach/ Junction Description Reach Length (km)
Sacramento River from Freeport to junction with
Sacl Sutter/Steamboat Sloughs 1933
Saco Sacramento River from Sutter/Steamboat Sloughs junction 10.78
to junction with Delta Cross Channel/Georgiana Slough '
Sac3 Se_lcramen?o Rlyer from Delta Cross Channel junction to Rio 2937
Vista, California
Saca Sacramento River from Rio Vista, California to Chipps 23.98
Island
Yolo YoI_o By_pass from entrance at Fremont Weir to Rio Vista, NA
California
Verona Fremont Weir to Freeport 57
Combined reach of Sutter Slough and Steamboat Slough
SS - SO e 26.72
ending at Rio Vista, California
Combined reach of Georgiana Slough, Delta Cross Channel,
Geo/DCC and South and I\_lorth Forks of the_ Mo_kelu_mne Rlver_endlng 25 59
at confluence with the San Joaquin River in the Interior
Delta
Begins at end of reach Geo/DCC, San Joaquin River via
Interior Delta Junction D, or Old River via Junction D, and ends at Chipps NAP
Island
A Junction of the Yolo Bypass® and the Sacramento River NA
Combined junction of Sutter Slough and Steamboat Slough
B : - NA
with the Sacramento River
c Combined junction of the Delta Cross Channel and NA
Georgiana Slough with the Sacramento River
D Junction of the Old River with the San Joaquin River NA
2 Reach length for Yolo Bypass is undefined because reach length currently is not used to calculate Yolo Bypass speed and ultimate travel
time.
P Reach length for the Interior Delta is undefined because salmon can take multiple pathways. Also, timing through the Interior Delta does
not affect Delta survival because there are no Delta reaches located downstream of the Interior Delta.
¢ Flow into the Yolo Bypass is primarily via the Fremont Weir but flow via Sacramento Weir is also included.
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Bold headings label modeled reaches, and red circles indicate model junctions. Salmonid icons indicate locations where smolts enter the Delta in the
DPM. Smolts enter the Interior Delta from the Geo/DCC reach or from Junction D via Old River or from the San Joaquin River. Because of the lack
of data informing specific routes through the Interior Delta, and tributary-specific survival, the entire Interior Delta region is treated as a single
model reach but survival varies within the Interior Delta depending upon whether fish enter from the Sacramento River, Mokelumne River, the San

Joaquin River, or Old River.

Figure 5.D-40. Map of the Sacramento-San Joaquin River Delta Showing the Modeled Reaches and
Junctions of the Delta Applied in the Delta Passage Model
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5.D.1.2.2.2.3 Flow Input Data

Water movement through the Delta as input to the DPM is derived from daily (tidally averaged)
flow output produced by the hydrology module of the Delta Simulation Model 11 (DSM2-
HYDRO; <http://baydeltaoffice.water.ca.gov/modeling/deltamodeling/>) or from CALSIM-II.
Although DSM2 does provide daily data for south Delta exports, these data exhibit little
intramonth variation and reflect the origin of the calculations, i.e., the hydrologic simulation tool
CALSIM 1. The nodes in the DSM2-HYDRO and CALSIM Il models that were used to provide
flow for specific reaches in the DPM are shown in Table 5.D-36. Technical details for DSM2-
HYDRO and CALSIM Il models are described in Appendix 5.A, CALSIM Methods and Results,
and Appendix 5.B, DSM Methods and Results. DSM2 flow data output for the NAA and PA
scenarios was used to inform the daily conditions experienced by migrating salmonids in the
model.

Table 5.D-36. Delta Passage Model Reaches and Associated Output Locations from DSM2-HYDRO and
CALSIM |1 Models

DPM Reach or Model Component DSM?2 Output Locations CALSIM Node
Sacl rsacl55
Sac? rsacl28
Sac3 rsac123
Sac4 rsac101
Yolo d160%+d166a®
Verona C1602
SS slsbt011
Geo/DCC dcc+georg_sl
South Delta Export Flow Clifton Court Forebay + Delta Mendota Canal
Interior Delta via San Joaquin River rsan058
San Joaquin River flow at Head of Old rsanl12
River
Interior Delta via Old River rold074
Sacramento River flow at Fremont Weir C129?
(Notch® spills)
@ Disaggregated into daily data based on historical patterns.
b N,\,loi),;cgn (;’egi’s to the proposed notching of the Fremont Weir as part of Yolo Bypass enhancements, which were assumed to occur under

In order to capture the effect of changed flows within the Sacl reach being altered by the
proposed NDD before the start of the Sac2 reach and the junction with reach SS, a modification
was applied to the flows in reach Sacl. The modification reflected the location of the proposed
NDD (intake 2 = RM 41, intake 3 = RM 39.5, and intake 5 = RM 37). The weighted average
distance of the three intakes from the start of Sacl (i.e., RM 47) is 56% of the length downstream
from the start of Sacl. Flows in Sacl were then modified as follows:

Modified Sacl flows = 0.56 x flows into Sacl + 0.44 x flows at bottom of Sacl
where flows into Sacl are represented by DSM2 outputs from RSAC155 (Freeport) and flows at

bottom of Sacl are represented by DSM2 outputs from 418_mid (Sacramento River upstream of
Sutter/Steamboat Sloughs and downstream of the north Delta intakes).
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An illustrative hypothetical example of the computations for flows into Sac1 is for flows into
Sacl of 10,000 cfs, of which 2,000 cfs is diverted by the three north Delta intakes and therefore
8,000 cfs remains at the bottom of Sacl:

Modified Sacl flows = 0.56 x 10,000 cfs + 0.44 x 8,000 cfs = 9,120 cfs.

5D.1.2.2.2.4 Ilustrative Example

To help illustrate the series of operations performed by the DPM, Figure 5.D-41 depicts the
migration of a single daily cohort of smolts entering from the Sacramento River and migrating
through the DPM. It is important to remember that cohorts of differing numbers of smolts are
entering the Delta each day during the migration period of each salmon run. As fish encounter
junctions in the Delta, they are routed down one of two paths dependent on the proportion of
flow entering each downstream reach. In some cases (Junctions A and B) fish movement is
directly proportional with flow movement, while at other junctions (Junction C) fish movement,
although linear, is not directly proportional with flow movement. As fish enter Delta reaches,
their reach survival and migration speed (and therefore migration time) are calculated on the day
they enter the reach. All subsequent days that the fish are migrating through a given reach, they
are not exposed to mortality, nor is their migration speed adjusted. For reaches where data were
available to inform a relationship with flow, reach survival and migration speed are calculated as
a function of the flow during the initial day of reach entry. Likewise, where data were available
to inform a relationship with Delta exports (Interior Delta), reach survival is calculated as a
function of exports as fish enter the reach. Because portions of a single cohort of fish migrate
through different routes in the Delta, portions of the cohort will experience differing overall
survival rates, differing migration rates, and differing arrival times at Chipps Island. See Section
5.D.1.2.2.2.5, Model Functions, for detailed descriptions of DPM functional relationships.
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Day of the model run is indicated at the top of the diagram. Circles indicate Delta junctions, where the proportion of fish moving to each
downstream reach is calculated, and rectangles indicate Delta reaches. The shape of the relationship for each reach-specific survival (S), reach-
specific migration speed (T), and proportional fish movement at junctions is depicted. Relationships that are influenced by flow (x variable) are
blue, relationships influenced by exports are red, and relationships that are calculated from a probability distribution (and not influenced by flow
or exports) are black. Dotted lines indicate migration time through the previous reach, and the Chipps Island icons indicate when fish from each
route exited the Delta. Note that this diagram does not incorporate the recently added Verona reach, which occurs between Junction A and reach
Sacl. Note also that travel time for reach Yolo is sampled from a uniform distribution of 4-28 days (i.e., the fixed 9-day travel migration speed
depicted here was subsequently changed).

Figure 5.D-41. Conceptual Diagram Depicting the “Migration” of a Single Daily Cohort of Smolts Entering
from the Sacramento River and Migrating through the Delta Passage Model

5D.1.2.2.25 Model Functions

5.D.1.2.2.25.1 Delta Entry Timing

Recent sampling data on Delta entry timing of emigrating juvenile smolts for six Central Valley
Chinook salmon runs were used to inform the daily proportion of juveniles entering the Delta for
each run (Table 5.D-37). Because the DPM models the survival of smolt-sized juvenile salmon,
pre-smolts were removed from catch data before creating entry timing distributions. The lower
95" percentile of the range of salmon fork lengths visually identified as smolts by the USFWS in
Sacramento trawls was used to determine the lower length cutoff for smolts. A lower fork length
cutoff of 70 mm for smolts was applied, and all catch data of fish smaller than 70 mm were
eliminated. To isolate wild production, all fish identified as having an adipose-fin clip (hatchery
production) were eliminated, recognizing that most of the fall-run hatchery fish released
upstream of Sacramento are not marked. Daily catch data for each brood year were divided by
total annual catch to determine the daily proportion of smolts entering the Delta for each brood
year. Sampling was not conducted daily at most stations and catch was not expanded for fish
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caught but not measured. Finally, the daily proportions for all brood years were plotted for each
race, and a normal distribution was visually approximated to obtain the daily proportion of
smolts entering the DPM for each run (Figure 5.D-42). Because a bi-modal distribution appeared
evident for winter-run entry timing, a generic probability density function was fit to the winter-
run daily proportion data using the package “sm” in R software (R Core Team 2012). The R
fitting procedure estimated the best-fit probability distribution of the daily proportion of fish
entering the DPM for winter-run. A sensitivity analysis of this assumption was undertaken and
showed that patterns in results would be expected to be similar for a range of entry distribution

assumptions.

Table 5.D-37. Sampling Gear Used to Create Juvenile Delta Entry Timing Distributions for Each
Central Valley Run of Chinook Salmon

Chinook Salmon Run Gear Agency Brood Years
Sacrament%liiriver Winter Trawls at Sacramento USFWS 1995-2009
Sacramentgllj?r:ver Spring Trawls at Sacramento USFWS 1995-2005

Sacramento River Fall Run Trawls at Sacramento USFWS 1995-2005

Sacramento River Late Trawls at Sacramento USFWS 1995-2005

Fall Run
Mokelumlgﬁ r:?iver Fall Rota\% 0Socdrg\r/\i/d'gl;tr?ap at EBMUD 2001-2007
San JoauniE nRiver Fall Kodiak Trawl at Mossdale CDFW 1996-2009

Agencies that conducted sampling are listed: USFWS = U.S. Fish and Wildlife Service, EBMUD = East Bay Municipal District, and CDFW =
California Department of Fish and Wildlife.
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Figure 5.D-42. Delta Entry Distributions for Chinook Salmon Smolts Applied in the Delta Passage Model for
Sacramento River Winter-Run, Sacramento River Spring-Run, Sacramento River Fall-Run, Sacramento
River Late Fall-Run, San Joaquin River Fall-Run, and Mokelumne River Fall-Run Chinook Salmon

5.D.1.2.2.25.2 Migration Speed

The DPM assumes a net daily movement of smolts in the downstream direction. The rate of
smolt movement in the DPM affects the timing of arrival at Delta junctions and reaches, which
can affect route selection and survival as flow conditions or water project operations change.

Smolt movement in all reaches except Yolo Bypass and the Interior Delta is a function of reach-
specific length and migration speed as observed from acoustic-tagging results. Reach-specific
length (kilometers [km]) (Table 5.D-35) is divided by reach migration speed (km/day) the day
smolts enter the reach to calculate the number of days smolts will take to travel through the
reach.

For north Delta reaches Verona, Sacl, Sac2, SS, and Geo/DCC, mean migration speed through
the reach is predicted as a function of flow. Many studies have found a positive relationship
between juvenile Chinook salmon migration rate and flow in the Columbia River Basin
(Raymond 1968; Berggren and Filardo 1993; Schreck et al. 1994), with Berggren and Filardo
(1993) finding a logarithmic relationship for Snake River yearling Chinook salmon. Ordinary
least squares regression was used to test for a logarithmic relationship between reach-specific
migration speed (km/day) and average daily reach-specific flow (cubic meters per second
[mé/sec]) for the first day smolts entered a particular reach for reaches where acoustic-tagging
data was available (Sacl, Sac2, Sac3, Sac4, Geo/DCC, and SS):
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Speed = A, In( flow) + 3, .

Where o is the slope parameter and P is the intercept.

Individual smolt reach-specific travel times were calculated from detection histories of releases
of acoustically tagged smolts conducted in December and January for three consecutive winters
(2006/2007, 2007/2008, and 2008/2009) (Perry 2010). Reach-specific migration speed (km/day)
for each smolt was calculated by dividing reach length by travel days (Table 5.D-38). Flow data
was queried from the DWR’s California Data Exchange website (<http://cdec.water.ca.gov/>).

Table 5.D-38. Reach-Specific Migration Speed and Sample Size of Acoustically-Tagged Smolts Released
during December and January for Three Consecutive Winters (2006/2007, 2007/2008, and 2008/2009)

Gauging Sample Speed (km/day)
Station ID Release Dates Size Avg Min Max SD

12/05/06-12/06/06, 1/17/07-
1/18/07, 12/04/07-12/07/07,
1/15/08-1/18/08, 11/30/08-

12/06/08, 1/13/09-1/19/09

1/17/07-1/18/07, 1/15/08-1/18/08,
11/30/08-12/06/08, 1/13/09-1/19/09

12/05/06-12/06/06, 1/17/07-
1/18/07, 12/04/07-12/07/07,
1/15/08-1/18/08, 11/30/08—

12/06/08, 1/13/09-1/19/09

12/05/06-12/06/06, 1/17/07-
1/18/07, 12/04/07-12/07/07,
1/15/08-1/18/08, 11/30/08—

12/06/08, 1/13/09-1/19/09

12/05/06-12/06/06, 1/17/07—
1/18/07, 12/04/07-12/07/07,
1/15/08-1/18/08, 11/30/08-

12/06/08, 1/13/09-1/19/09

12/05/06-12/06/06, 12/04/07-
SS FPT-SDCP | 12/07/07, 1/15/08-1/18/08, 30 9.41 0.56 26.72 | 7.42
11/30/08-12/06/08, 1/13/09-1/19/09

2 Sac3 flow is used for Sac4 because no flow gauging station is available for Sac4.
® SS flow is calculated by subtracting Sac2 flow (SDC) from Sac1 flow (FPT).

Reach

Sacl FPT 452 13.32 0.54 41.04 | 9.29

Sac2 SDC 294 9.29 0.34 10.78 | 3.09

Sac3 GES 102 9.24 0.37 22.37 | 7.33

Sacd GES? 62 8.60 0.36 2398 | 6.79

Geo/DCC GSS 86 14.20 0.34 2559 | 8.66

Migration speed was significantly related to flow for reaches Sacl (df = 450, F = 164.36, P <
0.001), Sac2 (df =292, F =4.17, P = 0.042), and Geo/DCC (df = 84, F = 13.74, P <0.001).
Migration speed increased as flow increased for all three reaches (Table 5.D-39, Figure 5.D-43).
Therefore, for reaches Sacl, Sac2, and Geo/DCC, the regression coefficients shown in Table
5.D-39 are used to calculate the expected average migration rate given the input flow for the
reach and the associated standard error of the regressions is used to inform a normal probability
distribution that is sampled from the day smolts enter the reach to determine their migration
speed throughout the reach. The minimum migration speed for each reach is set at the minimum
reach-specific migration speed observed from the acoustic-tagging data (Table 5.D-39). The
flow-migration rate relationship that was used for Sacl also was applied for the VVerona reach.
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Table 5.D-39. Sample Size and Slope (o) and Intercept (B1) Parameter Estimates with Associated Standard
Error (in Parenthesis) for the Relationship between Migration Speed and Flow for Reaches Sacl, Sac2, and
Geo/DCC

Reach N Bo B1
Sacl 452 21.34 (1.66) -105.98 (9.31)
Sac2 294 3.25(1.59) -8.00 (8.46)
Geo/DCC 86 11.08 (2.99) -33.52 (12.90)
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Circles are observed migration speeds of acoustically tagged smolts from acoustic-tagging studies from Perry (2010), solid lines are predicted
mean reach survival curves, and dotted lines are 95% prediction intervals used to inform uncertainty.

Figure 5.D-43. Reach-Specific Migration Speed (km/day) as a Function of Flow (m%/sec) Applied in Reaches
Sacl, Sac2, and Geo/DCC

No significant relationship between migration speed and flow was found for reaches Sac3 (df =
100, F =1.13, P =0.29), Sac4 (df = 60, F = 0.33, P = 0.57), and SS (df = 28, F = 0.86, P = 0.36).
Therefore, for these reaches the observed mean migration speed and associated standard
deviation (Table 5.D-38) is used to inform a normal probability distribution that is sampled from
the day smolts enter the reach to determine their migration speed throughout the reach. As
applied for reaches Sacl, Sac2, and Geo/DCC, the minimum migration speed for reaches Sac3,
Sac4, and SS is set at the minimum reach-specific migration speed observed from the acoustic-
tagging data (Table 5.D-38).

Yolo Bypass travel time data from Sommer et al. (2005) for acoustic-tagged, fry-sized (mean
size = 57 mm fork length [FL]) Chinook salmon were used to inform travel time through the
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Yolo Bypass in the DPM. Because the DPM models the migration and survival of smolt-sized
juveniles, the range of the shortest travel times observed across all three years (1998-2000) by
Sommer et al. (2005) was used to inform the bounds of a uniform distribution of travel times
(range = 4-28 days), on the assumption that smolts would spend less time rearing, and would
travel faster than fry. On the day smolts enter the Yolo Bypass, their travel time through the
reach is calculated by sampling from this uniform distribution of travel times.

The travel time of smolts migrating through the Interior Delta in the DPM is informed by
observed mean travel time (7.95 days) and associated standard deviation (6.74) from North Delta
acoustic-tagging studies (Perry 2010). However, the timing of smolt passage through the Interior
Delta does not affect Delta survival because there are no Delta reaches located downstream of
the Interior Delta.

5.D.1.2.2.25.3 Fish Behavior at Junctions (Channel Splits)
For Junction A (entry into the Yolo Bypass at Fremont Weir), the following relationships were
used.

e For Fremont Weir spills greater than 6,000 cfs (i.e., flows greater than the upper limit of
flows through the notch proposed for Yolo Bypass enhancements, and included under
NAA and PA scenarios): Proportion of smolts entering Yolo Bypass = Fremont Weir
spill4 / (Fremont Weir spill + Sacramento River at VVerona flows).

e For Fremont Weir spills up to 6,000 cfs (i.e., flows through the notch for Yolo Bypass
enhancements, included under NAA and PA scenarios): Proportion of smolts entering
Yolo Bypass = Fremont Weir spill / Sacramento River at Wilkins Slough flows.

As noted above in Flow Input Data, the flow data informing Yolo Bypass entry were obtained by
disaggregating CALSIM estimates using historical daily patterns of variability because DSM2
does not provide daily flow data for these locations.

For Junction B (Sacramento River-Sutter/Steamboat Sloughs), Perry et al. (2010) found that
smolts generally entered downstream reaches in proportion to the flow being diverted. Therefore,
smolts arriving at Junction B in the model were assumed to move proportionally with flow5. A
proportional relationship between flow and fish movement for Junction D (San Joaquin River—
Old River) also was applied®. Note that the operation of the Head of Old River gate proposed
under the PA is accounted for in the DSM2 flow input data (i.e., with a closed gate, relatively
more flow [and therefore smolts] remains in the San Joaquin River).

4 As noted in Table C.4-5, Yolo Bypass flow includes spill from both Fremont Weir and Sacramento Weir. The
DPM simplifies the occasional entry of fish via Sacramento Weir by adding Sacramento Weir spill to Fremont Weir
spill.

5 A subsequent analysis relating the proportion of fish entering important Delta junctions to the proportion of flow
entering these junctions found that, across all junctions combined, the proportion of fish entering the junction was
somewhat less than the proportion of flow (Cavallo et al. 2015). Therefore a somewhat lower proportion of fish may
enter Sutter and Steamboat Sloughs than the proportion of flow.

6 As with Sutter/Steamboat Sloughs, the proportion of fish entering the junction may be somewnhat less than the
proportion of flow, based on the analysis by Cavallo et al. (2015).
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For Junction C (Sacramento River—Georgiana Slough/DCC), Perry (2010) found a linear,
nonproportional relationship between flow and fish movement. His relationship for Junction C
was applied in the DPM:

y =0.22+0.47x;

where y is the proportion of fish diverted into Geo/DCC and x is the proportion of flow diverted
into Geo/DCC (Figure 5.D-44).

In the DPM, this linear function is applied to predict the daily proportion of fish movement into
Geo/DCC as a function of the proportion of flow into Geo/DCC.
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Note: Circles Depict DCC Gates Closed, Crosses Depict DCC Gates Open.

Figure 5.D-44. Figure from Perry (2010) Depicting the Mean Entrainment Probability (Proportion of Fish
Being Diverted into Reach Geo/DCC) as a Function of Fraction of Discharge (Proportion of Flow Entering
Reach Geo/DCC)

5.D.1.2.2.25.4 Route-Specific Survival
Survival through a given route (individual reach or several reaches combined) is calculated and

applied the first day smolts enter the reach. For reaches where literature showed support for
reach-level responses to environmental variables, survival is influenced by flow (Sacl, Sac2,
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Sac3 and Sac4 combined, SS and Sac 4 combined, Interior Delta via San Joaquin River, and
Interior Delta via Old River) or south Delta water exports (Interior Delta via Geo/DCC). For
these reaches, daily flow or exports occurring the day of reach entry are used to predict reach
survival during the entire migration period through the reach (Table 5.D-40). For all other
reaches (Geo/DCC and Yolo), reach survival is assumed to be unaffected by Delta conditions
and is informed by means and standard deviations of survival from acoustic-tagging studies.

Table 5.D-40. Route-Specific Survival and Parameters Defining Functional Relationships or Probability
Distributions for Each Chinook Salmon Run and Methods Section Where Relationship is Described

Route Chinook Salmon Run Survival? Methodg S?Ctlon
Description
Verona All Sacramento runs 0.931 (0.02) This section
Sacl All Sacramento runs Function of flow FIow-Dependent
Survival
Sac2 All Sacramento runs Function of flow FIow—Dependent
Survival
Sac3 and Sac4 combined All Sacramento runs Function of flow FIow-Dependent
Survival
Yolo All Sacramento runs Various This section
Sac4 via Yolo® All Sacramento runs 0.698 (0.153) This section
SS and Sac4 combined All Sacramento runs Function of flow FIow-Dependent
Survival
Mokelumne fall-run 0.407 (0.209 This section
Geo/DCC ( ) - -
All Sacramento runs 0.65 (0.126) This section
All Sacramento runs Function of exports Export-De_,-pendent
Survival
Interior Delta San Joaquin fall-run via Old River Function of flow FIow—Dependent
Survival
San Joaquin fall-run via San . Flow-Dependent
A Function of flow )
Joaquin River Survival
2 For routes where survival is uninfluenced by Delta conditions, mean survival and associated standard deviation (in parentheses) observed
during acoustic-tagging studies (Michel 2010; Perry 2010) are used to define a normal probability distribution that is sampled from the day
smolts enter a reach to calculate reach survival.
® Although flow influences survival of fish migrating through the combined routes of SS—Sac4 and Sac3-Sac4, flow does not influence Sac4
survival for fish arriving from Yolo.

For reaches Geo/DCC, Yolo, and Sac4 via Yolo, no empirical data were available to support a
relationship between survival and Delta flow conditions (channel flow, exports). Therefore, for
these reaches mean reach survival is used along with reach-specific standard deviation to define
a normal probability distribution that is sampled from when smolts enter the reach to determine
reach survival (Table 5.D-40).

Mean reach survival and associated standard deviation for Geo/DCC are informed by survival
data from smolt acoustic-tagging studies from Perry (2010). Separate acoustic-study survival
data are applied for smolts migrating through Geo/DCC via the Sacramento River (Sacramento
River runs) or Mokelumne River (Mokelumne River fall-run) (Table 5.D-41). Smolts migrating
down the Sacramento River during the acoustic-tagging studies could enter the DCC or
Georgiana Slough when the DCC was open (December releases), therefore, group survivals for
both routes are used to inform the mean survival and associated standard deviation for the
Geo/DCC reach for Sacramento River runs. For Mokelumne River fall-run, only the DCC route
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group survivals are used to inform Geo/DCC survival because Mokelumne River fish are not
exposed to Georgiana Slough.

Smolt survival data for the Yolo Bypass were obtained from the UC Davis Biotelemetry
Laboratory (Myfanwy Johnston pers. comm.). These data included survival estimates for five
reaches from release near the head of the bypass to the base of the bypass. The means (and
standard errors) of these estimates defined normal probability distributions from which daily
value for the DPM were drawn, and were as follows: reach 1 (release site): 1.00; reach 2 (release
site to 1-80): 0.96 (SE = 0.059); reach 3 (1-80 to screw trap): 0.96 (0.064); reach 4 (screw trap to
base of Toe Drain): 0.94 (0.107); reach 5 (base of Toe Drain to base of Bypass): 0.88 (0.064).
Fish leaving the Yolo reach in the model then entered Sac4 and were subject to survival at the
rate shown in Table 5.D-40.

Mean survival and associated standard deviation for the Verona reach between Fremont Weir
and Yolo Bypass were derived from the 2007-2009 acoustic-tag study reported by Michel
(2010), who did not find a flow-survival relationship for that reach.

Table 5.D-41. Individual Release-Group Survival Estimates, Release Dates, Data Sources, and Associated
Calculations Used to Inform Reach-Specific Mean Survivals and Standard Deviations Used in the Delta
Passage Model for Reaches Where Survival Is Uninfluenced by Delta Conditions

DPM Reach Survival Release Dates Surqul Mean Star)da}rd
Calculation Deviation
0.648 12/05/06 Sc1*Sc2
Geo/DCC via 0.286 12/04/07- Sc1
Mokelumne 12/06/07 0.407 0.209
River 0.286 11/31/08- Sc1
12/06/08
0.648 12/05/06 Sb1
0.600 12/04/07- Sb1,5Ac*Sp2
12/06/07
0.762 1/15/08-1/17/08 Sb1.sac*Sp2
0.774 11/31/08- Sb1,sac*Sp2
Geo/DCC via 12/06/08
Sacramento River 0.467 1/13/08-1/19/09 Sp1sac*Sp2 0-559 0.194
0.648 12/05/06 Sc1* Scz
0.286 12/04/07- Sc1
12/06/07
0.286 11/31/08- Sc1
12/06/08
0.714 12/5/2006 Sa6*Sa7
0.858 1/17/2007 Sa6*Sa7
0.548 12/4/07-12/6/07 Sa7*Sas
Sac4 via Yolo 0.488 1/15/08-1/17/08 SA7*Sas 0.698 0.153
11/31/08-
0.731 12/06/08 SAT"Sng
0.851 1/13/09-1/19/09 Sa7*Sas
Source: Perry 2010.
Biological Assessment for the July 2016

California WaterFix 5.D-220 ICF 00237.15



Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

5.D.1.2.2.255 Flow-Dependent Survival

For reaches Sacl, Sac2, Sac3 and Sac4 combined, SS and Sac4 combined, Interior Delta via San
Joaquin River, and Interior Delta via Old River, flow values on the day of route entry are used to
predict route survival (Figure 5.D-45). Perry (2010) evaluated the relationship between survival
among acoustically-tagged Sacramento River smolts and Sacramento River flow measured
below Georgiana Slough (DPM reach Sac3) and found a significant relationship between
survival and flow during the migration period for smolts that migrated through Sutter and
Steamboat Sloughs to Chipps Island (Sutter and Steamboat route; SS and Sac4 combined) and
smolts that migrated from the junction with Georgiana Slough to Chipps Island (Sacramento
River route; Sac3 and Sac4 combined). Therefore, for route Sac3 and Sac4 combined and route
SS and Sac4 combined, the logit survival function from Perry (2010) was used to predict mean
reach survival (S) from reach flow (flow):

e(ﬂ0+ﬂ1 flow)

S= 1+ e(ﬁOJrﬁlﬂow)

where o (SS and Sac4 = -0.175, Sac3 and Sac4 = -0.121) is the reach coefficient and 1 (0.26) is
the flow coefficient, and flow is average Sacramento River flow in reach Sac3 during the
experiment standardized to a mean of 0 and standard deviation of 1.

Perry (2010) estimated the global flow coefficient for the Sutter Steamboat route and Sacramento
River route as 0.52. For the Sac3 and Sac4 combined route and the SS and Sac4 combined route,
mean survival and associated standard error predicted from each flow-survival relationship is
used to inform a normal probability distribution that is sampled from the day smolts enter the
route to determine their route survival.

With a flow-survival relationship appearing evident for group survival data of acoustically-
tagged smolts in reaches Sacl and Sac2, Perry’s (2010) relationship was applied to Sacl and
Sac2 while adjusting for the mean reach-specific survivals for Sacl and Sac2 observed during
the acoustic-tagging studies? (Figure 5.D-45; Table 5.D-42). The flow coefficient was held
constant at 0.52 and the residual sum of squares of the logit model was minimized about the
observed Sacl and Sac2 group survivals, respectively, while varying the reach coefficient. The
resulting reach coefficients for Sacl and Sac2 were 1.27 and 2.16, respectively. Mean survival
and associated standard error predicted from the flow-survival relationship is used to inform a
normal probability distribution that is sampled from the day smolts enter the reach to
determining Sacl and Sac2 reach survival.

7 Perry (2010) did not attempt to correlate survival to flow in these reaches because survival was generally high.
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For Sacl, Sac2, Sac3, and Sac4, circles are observed group survivals from acoustic-tagging studies from Perry (2010). Raw data are not available
from Newman (2010) for Interior Delta via San Joaquin River and Interior Delta via Old River from Newman (2010). Solid lines are predicted
mean route survival curves, and dotted lines are 95% confidence bands used to inform uncertainty.

Figure 5.D-45. Route Survival as a Function of Flow Applied in Reaches Sacl, Sac2, Sac3 and Sac4 combined,
SS and Sac4 combined, Interior Delta via the San Joaquin River, and Interior Delta via Old River
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Table 5.D-42. Group Survival Estimates of Acoustically-Tagged Chinook Salmon Smolts from Perry (2010)
and Associated Calculations Used to Inform Flow-Dependent Survival Relationships for Reaches Sacl and
Sac?

DPM Reach Survival Release Dates Source Survival Calculation
Sacl 0.844 12/5/06 Perry 2010 Sa1 *Saz
Sacl 0.876 1/17/07 Perry 2010 Sa1 *Saz
Sacl 0.874 12/4/07-12/6/07 Perry 2010 Sa1 *Saz
Sacl 0.892 1/15/08-1/17/08 Perry 2010 Sa1 *Saz
Sacl 0.822 11/31/08-12/06/08 Perry 2010 Sa1 *Saz
Sacl 0.760 1/13/09-1/19/09 Perry 2010 Sa1 *Saz
Sac2 0.947 12/5/06 Perry 2010 Sa3
Sac2 0.976 1/17/07 Perry 2010 Sas
Sac2 0.919 12/4/07-12/6/07 Perry 2010 Sas
Sac2 0.915 1/15/08-1/17/08 Perry 2010 Sas
Sac2 0.928 11/31/08-12/06/08 Perry 2010 Sas
Sac2 0.881 1/13/09-1/19/09 Perry 2010 Sas

For smolts originating in the San Joaquin River that migrate through the Interior Delta via San
Joaquin River or Old River, survival is modeled as a function of flow and exports as modeled by
Newman (2010).

e(ﬁ0+ﬂ1 flow+ﬂ2exports)
S SJ,0R = 14 e(ﬂ0+lﬁlflow+ﬂ2exports)

Where Ss;, or is survival through the Interior Delta via the San Joaquin River or Old River, flow
is average San Joaquin River flow downstream of the head of Old River or flow in Old River
during the coded-wire tagging study standardized to a mean of 0 and standard deviation of 1, and
exports is the combined export flow from the state and federal facilities in the south Delta during
the study.

Exports are standardized as described for flow. Uncertainty in these parameters is accounted for
by using model-averaged estimates for the intercept, flow coefficient, and export coefficient
(Table 5.D-43; Figure 5.D-45). The model-averaged estimates and their standard deviations are
used to define a normal probability distribution that is resampled each day in the model. San
Joaquin River flows downstream of the head of Old River that were modeled by Newman (2010)
ranged from -49 cfs to 10,756 cfs, with a median of 3,180 cfs. Exports modeled by Newman
(2010) ranged from 805 cfs to 10,295 cfs, with a median of 2,238 cfs.
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Table 5.D-43. Model Averaged Parameter Estimates and Standard Deviations Used to Describe Survival
through the Interior Delta via the San Joaquin River and Old River Routes

Parameter San Joaquin Route | Old River Route
Intercept -1.577 (0.275) -2.297 (0.537)
Flow 0.376 (0.289) 0.166 (0.524)
Exports 0.291 (0.290) 0.279 (0.363)
5.D.1.2.2.25.6 Export-Dependent Survival

As migratory juvenile salmon enter the Interior Delta from Geo/DCC for Sacramento races or
Mokelumne River fall-run Chinook salmon, they transition to an area strongly influenced by
tides and where south Delta water exports may influence survival. The export—survival
relationship described by Newman and Brandes (2010) was applied as follows:

(-0.000065*Total _ Exports)

0 =0.5948* ¢

where @ is the ratio of survival between coded wire tagged smolts released into Georgiana
Slough and smolts released into the Sacramento River and Total _Exports is the flow of water
(cfs) pumped from the Delta from the State and Federal facilities.

0 is a ratio and ranges from just under 0.6 at zero south Delta exports to ~0.27 at 12,000-cfs
south Delta exports (Figure 5.D-46).
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Source: Newman and Brandes 2010

Figure 5.D-46. Relationship between 0 (Ratio of Survival through the Interior Delta to Survival through
Sacramento River) and South Delta Export Flows
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6 was converted from a ratio into a value of survival through the Interior Delta using the equation:

S ID *(S SaCS*SSac4

S Geo/DCC

where Sip is survival through the Interior Delta, 9 is the ratio of survival between Georgiana
Slough and Sacramento River smolt releases, Sceonce iS the survival of smolts in the Georgiana
Slough/Delta Cross Channel reach, Ssacs * Ssacs is the combined survival in reaches Sac 3 and

sac 4 (Figure 5.D-47)8,

Uncertainty is represented in this relationship by using the estimated value of 6 and the standard
error of the equation to define a normal distribution bounded by the 95% prediction interval of
the model that is then re-sampled each day to determine the value of 6.

The export-dependent survival relationship for San Joaquin-origin fish was described above in
Section 5.D.1.2.2.2.5.5, Flow-Dependent Survival.
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Survival values in reaches Sac3, Sac4, and Geo/DCC were held at mean values observed during acoustic-tag studies (Perry 2010) to depict export
effect on Interior Delta survival in this plot. Dashed lines are 95% prediction bands used to inform uncertainty in the relationship.

Figure 5.D-47. Interior Delta Survival as a Function of Delta Exports (Newman and Brandes 2010) as Applied
for Sacramento Races of Chinook Salmon Smolts Migrating through the Interior Delta via Reach Geo/DCC

8 Note that the Mokelumne River fall-run does not occur in the Sacramento River but daily survival values in
Sac3/Sac4 are calculated in order to inform interior Delta survival for this run according to the equation above; the
Sac3/Sac4 daily survival values for this run are used solely for this purpose. Although daily survivals in Sac3/Sac4
are used to calculate Sacramento River survival for Sacramento River runs (winter-run, spring-run, Sacramento fall-
run, and late fall-run), the combined Sac3/Sac4 survival used to calculate Sacramento River survival would be
slightly different than that used to calculate interior Delta survival because of the travel time required for smolts to
reach the interior Delta via Geo/DCC.
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5D.1.2.2.3 Postprocessing of Model Outputs for Effects Analysis

To facilitate the interpretation of overall DPM survival results in the effects analysis of the PA,
summaries of the percentage of smolts taking different migration pathways and the percentage
survival down those pathways was calculated for each scenario in each water year (1922—-2003)
using the average proportion of smolts surviving in each reach and the average proportion of fish
entering the various junctions. For the Sacramento River-origin smolts, there are four migration
pathways represented in the DPM:

e Chipps Island via Yolo Bypass (Yolo - Sac4)

0 Percentage of smolts taking Yolo pathway = Proportion entering Yolo Bypass at
Fremont Weir * 100%

o0 Percentage survival down Yolo pathway = (Survival in Yolo) * (survival in Sac4) *
100%

e Chipps Island via mainstem Sacramento River (Verona - Sacl - Sac2 - Sac3 2>
Sac4)

0 Percentage of smolts taking mainstem Sacramento River pathway = (1 - proportion
entering Yolo Bypass)*(1 - proportion entering Sutter or Steamboat Sloughs)*(1 -
proportion entering Georgiana Slough or Delta Cross Channel)*100%

o0 Percentage survival of smolts down mainstem Sacramento River pathway = (Survival
in Verona)*(Survival in Sacl)*(Survival in Sac2)*(Survival in combined Sac3 &
Sac4)*100%

e Chipps Island via Sutter & Steamboat Sloughs (Verona - Sacl - SS - Sac4)

0 Percentage of smolts taking Sutter & Steamboat Sloughs pathway = (1 - proportion
entering Yolo Bypass)*(Proportion entering Sutter or Steamboat Sloughs)*100%

0 Percentage survival of smolts down Sutter & Steamboat Sloughs pathway = (Survival
in Verona)*(Survival in Sacl)*(Survival in combined SS and Sac4)* 100%

e Chipps Island via Georgiana Slough & Delta Cross Channel pathway
(Verona = Sacl - Sac2 - Geo/DCC - Interior Delta)

0 Percentage of smolts taking Georgiana Slough & Delta Cross Channel pathway =
(1 - proportion entering Yolo Bypass)*(1 - proportion entering Sutter or Steamboat
Sloughs)*(Proportion entering Georgiana Slough & Delta Cross Channel)*100%

0 Percentage survival of smolts down Georgiana Slough & Delta Cross Channel
pathway = (Survival in Verona)*(Survival in Sacl)*(Survival in Sac2)*(Survival in
Geo/DCC)*(Survival in Interior Delta)*100%

For the San Joaquin River-origin smolts the DPM has two migration pathways to Chipps Island
through the Interior Delta, i.e., via the San Joaquin River and via Old River. The division of
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smolts into the two migration pathways was based on the junction split at the Head of Old River
discussed above in Fish Behavior at Junctions (Channel Splits) and the calculation of survival of
smolts down each pathway was based on outputs derived from the model coefficients in Table
5.D-43 of Section 5.D.1.2.2.2.5.5, Flow-Dependent Survival. Mokelumne River smolts have only
one possible migration pathway to Chipps Island in the DPM (Geo/DCC - Interior Delta), so
only survival in each of the two reaches along their pathway was reported along with overall
survival.

5D.1.2.24 Randomization to Illustrate Uncertainty

As described previously, various DPM model functions incorporate uncertainty in relationships
between fish response and physical parameters, e.g., survival in response to river flow; re-
sampling from these relationships on each modeled day allows this uncertainty to be captured in
the model effects. In order to illustrate the uncertainty in modeled annual estimates of through-
Delta survival, 75 iterations of the DPM were run, each with different randomizations of the
model functions. It was found that 75 iterations were sufficient to allow the error in the estimates
to stabilize so that no additional iterations were required. The 75 iterations gave 75 estimates of
through-Delta survival for each year in the simulation period, from which 95% confidence
intervals (the 2.5" and 97.5" percentiles of the 75 iterations) were calculated for each annual
estimate. The confidence intervals provided perspective on the range of uncertainty in each
annual estimate, and allowed comparison of the number of years that the confidence intervals
overlapped for the NAA and PA scenarios.

5.D0.1.2.25 Sensitivity Analysis

A working group consisting of consultants and agency staff coordinated with the model
developers to develop a sensitivity analysis in order to examine the influence of DPM structural
uncertainty and parameter uncertainty on model outputs, in addition to demonstrating how
changes in model inputs (flows and exports) influence model outputs. The methods and results
for this sensitivity analysis are described in this section. Note that the sensitivity analysis was run
using existing biological conditions DSM2 data (1976-1991) from the public draft BDCP DPM
analysis and used the non-Fremont Weir notch implementation for entry into Yolo Bypass (i.e.,
Proportion of smolts entering Yolo Bypass = Fremont Weir spill / (Fremont Weir spill +
Sacramento River at Verona flows); the entry timing was that of winter-run Chinook salmon.

5D.1.2.25.1 Methods

5.D.1.2.25.1.1 Structural uncertainty

Different forms of both winter run entry timing and Yolo survival in the Delta Passage Model
were evaluated. To understand how variation in these functions affected model output, they were
evaluated separately. Thus, each function had a “default” structure that was used when the other
function was being evaluated. Table 5.D-44 lists the specific functions evaluated the candidate
structures and the default value.
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Table 5.D-44. DPM Sensitivity Analysis Structural Uncertainty: Model functions with alternative structures
that were evaluated and default structures that were used.

Function Alternate structures Default structure
Winter-run Ch.mqok 1. One bimodal distribution Or_1e t_)lm(_)dal
salmon entry timing distribution

2. Two bimodal distributions. One for Wet and above normal
years and one for critical dry and below normal years.

3. One bimodal distribution triggered by a 400 m®*s* flow
pulse.

Yolo survival 1. Constant 80% survival Constant 80% survival

2. Ted Sommer’s new coded wire tag data by low flow year
(<2000 ft3*s in Yolo) and high flow year (>2000 ft**s in
Yolo)

3. Acoustic data from 2012

For each candidate structure of a function, 2000 Monte Carlo simulations of the model were run
for one year of model time. Flow and export inputs for this exercise were average daily flow and
exports by water year type calculated from DSM2 data over 1976-1991. The water year type
used for each Monte Carlo simulation was chosen based on their probability of occurrence over
the last 100 years. The output evaluated was the percentage of fish surviving to Chipps Island.
Output values were summarized by calculating the 5™ -95" percentile of output values for each
structure and the percent overlap in output values among the three different structures.

5.D.1.2.251.2 Parameter Uncertainty

To understand how uncertainty in key model parameters affected model output, Sobol sensitivity
indices were calculated. Sobol’ indices provide a way to account for the direct effect of variation
in individual parameters and their first order interactions on model output. A single model was
used to calculate Sobol’ indices that used the Yolo survival and winter run entry timing functions
identified in the structural uncertainty analysis (a single bi-modal winter run entry distribution
and acoustic survival estimates for Yolo Bypass survival).

Parameters examined in this analysis included water year-type and survival and travel time in all
reaches including Verona, Sacl, Sac2, Steamboat/Sutter, Sac3, Geo/DCC and Interior Delta.
This represents all model parameters that are resampled each day in the model. If the final model
includes a stochastic function for Yolo survival, that parameter will also be included in the
analysis. No other parameters can be examined with Sobol’ indices because there is no variation
in their values.

One thousand Monte Carlo simulations will be run to obtain data for the Sobol’ analysis. Flows
and exports will be randomly selected by water year type averages as described above. Once the
data are obtained, they will be exported to the R statistical program and analyzed with the
package “sensitivity”. Two Sobol’ indices will be calculated; a main index that describes the
effect of an individual parameter on model output independent of all other parameters and a total
index that incorporates first order interaction with other model parameters. The model output for
this analysis will be total Delta survival. If confidence intervals of Sobol’ indices do not include
zero, they will be considered to have a significant effect on model output.
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5.D0.1.2.25.1.3 Model Demonstration

To demonstrate how changes in model inputs (flow and exports) affect model output, a model
demonstration exercise was performed. The flow and export data described above were used to
calculate 10, 20, 30, 40, 50, 60, 70, 80, and 90" percentile values in each water year-type. To
demonstrate flow effects, exports were held at the 50™ percentile value and 100 iterations of the
model were run at each flow percentile from the 10" to the 90'". Similarly, for the export effect
demonstration, flow values in each reach were held at the 50" percentile value while 100
iterations of the model were run at each percentile of exports from the 10" to the 90™.

5.D.1.2.25.2 Results and discussion

5.D.1.2.25.2.1 Structural uncertainty

Evaluation of winter run entry timing suggested that none of the alternative entry functions
provided more explanatory power than the default bi-model distribution. When entry into the
Delta was modeled as a function of water year-type, there was a 3.7% difference in through-
Delta survival relative to the baseline. This was less than the 5% threshold for including this as
the entry timing function. When entry timing was triggered by flow, there was a 0% difference in
through-Delta survival. This also did not meet the criteria to replace the default bimodal
function. Thus, no change was made to winter run entry timing.

Uncertainty in the Yolo survival function was evaluated with two alternate functions. The default
function was a fixed survival value of 80%, which was based on professional opinion (Ted
Sommer, personal communication). The alternative functions included; 1) the ratio of recoveries
of coded wire tagged (CWT) fish released the Yolo Bypass and CWT fish released in the
Sacramento River (relative survival) and 2) Estimates of survival for acoustically tagged late-fall
run smolts released into the Toe Drain. Implementation of the CWT data resulted in a 0%
difference in total through-Delta survival. Use of the acoustic survival data resulted in a 3.4%
difference in total through-Delta survival. Although this value is below the 5% threshold to
replace the function, the workgroup felt that the acoustic data was a better representation of
survival that the 80% constant based on professional opinion. Thus, the fixed value was replaced
with acoustic survival data.

5.D.1.2.25.2.2 Parameter uncertainty

The main index produced by Sobol’ sensitivity analysis characterizes the effect of individual
parameters without considering interactions. The most influential parameters indicated by the
main index were; 1) survival in reach Sac 3, 2) survival in the reach Steamboat/Sutter Sloughs,
3) the proportion of fish entering Steamboat/Sutter Sloughs and 4) survival in reach Sac2 (Figure
5.D-48). All other main index values were very low or the confidence interval overlapped with
zero.
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Figure 5.D-48. DPM Sensitivity Analysis Parameter Uncertainty: Main index values from Sobol’ sensitivity
indices. Confidence intervals that cross zero indicate that parameter did not have a disproportionate effect of
model output.
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Figure 5.D-49. DPM Sensitivity Analysis Parameter Uncertainty: Total index values from Sobol’ sensitivity
indices. Confidence intervals that cross zero indicate that parameter did not have a disproportionate effect of
model output.

The total index indicated that when first-order interactions were considered, none of the variables
had a disproportionate influence on total through-Delta survival (Figure 5.D-49). Negative
values for the total index were observed; however, negative values of Sobol’ indices are
interpreted as having no effect (Fieberg and Jenkins 2005).

5.D.1.2.25.2.3 Model demonstration

Mean through-Delta survival for fish entering from the Sacramento River increased
approximately 10% as flows increased from 10 to 90™" percentile values in each water year
(Figure 5.D-50). Initial screening of the survival values indicated the data were not normal so we
employed the non-parametric Kruskal-Wallis test to determine if there were significant
differences between the different percentile flow treatments. This test revealed significant
differences between the treatment groups (x> = 101.38, p < 0.001). To determine where the
differences existed, Wilcoxon’s pairwise comparisons were performed. This comparison
indicated that the first significant difference in survival occurred between the 10" and 20™
percentile values. The increase in survival from the 10" to 20" percentile flow was greater than
the increase between the 10" and 30" percentile value. This effect can happen because juvenile
salmon are only affected by flow when they are present in the Delta. Thus, the timing of flows is
just as important as the absolute magnitude. Even in years classified as “critical” or “dry” can
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produce high through-Delta survival values if pulses occurred during the time when salmon were
passing through the Delta. Similarly, flows could be low during the migration period in a “wet”
or “above normal” year and produce a relatively low survival value.

Variation in exports produced much less variation in through-Delta survival with a decline of
less than 2.5% between the 10" and 90™ percentile values (Figure 5.D-51). A Kruskal-Wallis test
indicated a significant difference between the treatments (> = 30.63, P < 0.001) and the
Wilcoxon’s pairwise test revealed that the first significant difference was between the 10" and
90" percentile values. The lack of a large export effect is likely for several reasons. First, the
total proportion of fish entering the interior Delta is low. Fish entering the model can enter the
Yolo Bypass and the Steamboat/Sutter Slough route where they are no exposed to routes entering
the interior Delta (Georgiana Slough, Delta Cross Channel). Second, the effect of exports on
survival is weak and highly variable. Thus, there is unlikely to be a strong effect of exports on
total survival of juvenile Chinook migrating through the Delta from the Sacramento River.

43 - Sacramento River flow
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X% =101.38, p <0.001
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Figure 5.D-50. Means and standard errors of total through-Delta survival for winter run Chinook salmon at
10t — 90™ percentile flow values in each reach with exports held at the 50" percentile values.
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Figure 5.D-51. Means and standard errors of total through-Delta survival for winter run Chinook salmon at
10t — 90™ percentile export values in each reach with flows held at the 50t percentile values.

To examine the flow and export ranges used in the sensitivity analyses, the 10" — 90" percentile
values of flow in reach Sac 3 and exports were plotted for each water year type with the
exception of years that were categorized as “Below Normal”. This year-type was excluded
because there was only one below normal year in the range of years used. Thus, percentile values
could not be calculated and the flow and export values for this year type were always the same.

Examining the plots of each water year-type revealed that there was a considerably greater range
between 10" and 90" percentile values in wet (Figure 5.D-52) and above normal (Figure 5.D-53)
years relative to dry (Figure D_flow_sens) and critical (Figure C_flow_sens) years. Even in dry
years, there were occasional flow pulses, whereas these were attenuated in critical years.
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Figure 5.D-52. Ranges of Daily Flows in the Sacramento River below Georgiana Slough (DPM Reach Sac 3)
in Wet Years, Used in the Sensitivity Analysis’s Model Demonstration.
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Figure 5.D-53. Ranges of Daily Flows in the Sacramento River below Georgiana Slough (DPM Reach Sac 3)
in Above Normal Years, Used in the Sensitivity Analysis’s Model Demonstration.
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Figure 5.D-54. Ranges of Daily Flows in the Sacramento River below Georgiana Slough (DPM Reach Sac 3)
in Dry Years, Used in the Sensitivity Analysis’s Model Demonstration.
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Figure 5.D-55. Ranges of Daily Flows in the Sacramento River below Georgiana Slough (DPM Reach Sac 3)
in Critical Years, Used in the Sensitivity Analysis’s Model Demonstration.
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Variation in exports among water year largely reflected regulatory policy and water demand
(Figure 5.D-56, Figure 5.D-57, Figure 5.D-58, Figure 5.D-59). Among all water years, exports
were lowest in April and May because of restrictions related to protective actions for migrating
juvenile salmon. Exports were highest during the summer-fall irrigation season. The sensitivity
analysis was performed on winter run Chinook salmon in the DPM. This race moves through the
Delta between November and March when there is considerably more variation in exports
among water year-types.
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Figure 5.D-56. Ranges of Daily South Delta Exports in Wet Years, Used in the Sensitivity Analysis’s Model
Demonstration.
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Figure 5.D-57. Ranges of Daily South Delta Exports in Above Normal Years, Used in the Sensitivity

Analysis’s Model Demonstration.
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Figure 5.D-58. Ranges of Daily South Delta Exports in Dry Years, Used in the Sensitivity Analysis’s Model

Demonstration.
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Figure 5.D-59. Ranges of Daily South Delta Exports in Critical Years, Used in the Sensitivity Analysis’s
Model Demonstration.

5.D.1.2.3 Analysis Based on Newman (2003)

5D.1.2.3.1 Introduction

Newman (2003) investigated through-Delta Chinook salmon survival of hatchery-origin coded-
wire tagged fall-run Chinook salmon smolts released between 1979 and 1994 as a function of
various biological and environmental variables using Bayesian hierarchical nonlinear modeling,
as well as two additional model formulations. The coefficients of the Bayesian hierarchical
modeling were used for the present effects analysis because Newman (2003:176) noted that this
approach yielded a similar predictive ability to a pseudo-likelihood approach but the
“hierarchical model was considerably more stable, however, and the signs of the coefficients
were more sensible given the nature of the physical and biological process involved in survival
and capture.”

A through-Delta Chinook smolt survival model based on Newman (2003) was applied in this
effects analysis to spring-run and fall-run Chinook salmon because the studies upon which the
model is based were conducted during the spring migration period of these two runs and do not
overlap the main migration periods of winter-run late fall-run Chinook salmon.
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5.D.1.2.3.2 Model Structure and Covariates
The basic model of through-Delta survival developed by Newman (2003) is the logit
(probability) of survival in relation to a number of covariates:

e*'B

Survival = ———
1+ ex'B

Where x’B = Po + B1Sacramento + foCourtland + BzSize + BsLog Flow + PsSalinity + fsRelease
Temperature + f7Hatchery Temperature + BgTide + BsExports + BioGate + Bra Turbidity

The definitions of these covariates, their coefficients, their ranges in the modeling conducted by
Newman (2003), and other relevant details are summarized in Table 5.D-45. Note that the
analysis conducted for the current effects analysis was based on a deterministic implementation
using the coefficients from Newman’s (2003) Bayesian hierarchical modeling (Table 5.D-45);
standard errors are provided in Table 5.D-45 to provide an indication of the likely statistical
significance of each covariate (e.g., based on the ratio of the coefficient to its standard error
being greater than about 2). This analysis is a straightforward examination based on changes in
survival caused by environmental variation, whereas the full analysis by Newman (2003) was a
more complex effort that included consideration of parameter uncertainty and demographic
uncertainty. As such, the present analysis presents only annual point estimates of survival,
without calculations of uncertainty around the estimates.

Newman (2003) standardized continuous (nonindicator) covariates to zero mean and unit
standard deviation in order to facilitate comparison between covariates in terms of the
magnitudes of coefficients. This illustrates that log flow and release temperature had by far the
greatest correlation with through-Delta survival, with lesser effects for turbidity, south Delta
exports, salinity?, and smolt size (Table 5.D-45). Hatchery temperature and tide had little to no
correlation with survival and were not included in the modeling for this effects analysis. The
effect on estimated survival of varying each covariate over the range of data modeled by
Newman (2003) while holding other standardized covariates constant emphasizes the relative
difference in coefficients of each covariate (Figure 5.D-60): for example, survival would be
estimated to vary from 0.18 from the lowest flow to 0.93 at the highest flow (holding other
covariates at mean values and assuming DCC is closed and fish were released from Sacramento),
whereas across the range of released fish sizes survival would be estimated to vary from 0.41at
the smallest size to 0.66 at the largest size. Of direct relevance to the present effects analysis is
the estimated survival effect of changes in Sacramento River flow and south Delta exports
because of the implementation of dual conveyance with the construction of the proposed NDD.
Application of Newman’s (2003) coefficients while holding other covariates constant at mean
values, assuming DCC is closed, and fish were released at Sacramento, then back-transforming

9 Newman (2003) noted that flow and salinity were quite strongly negatively correlated (r = -0.74), but not in a
strictly linear fashion. In a similar analysis of many of the same data, Newman and Rice (2002: 989) noted: “When
using the model for comparing releases under two different flow regimes, for example, reasonable levels of salinity
need to be selected.” For the present analysis, salinity values were from the DSM2-QUAL modeling and flow values
were from the DSM2-HYDRO modeling; therefore salinity reflects flow, as recommended by Newman and Rice
(2002).
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the standardized flow and exports covariates to their original units of measurement gives the
following rates of change in survival.

e For south Delta exports (across the range modeled by Newman [2003] = ~1,300-8,600
cfs), a change in through-Delta survival of 0.01 (i.e., 1% of the migrating juveniles)
would occur per ~280-cfs change in south Delta exports.

e For Sacramento River flow of ~6,000-14,700 cfs, a change in through-Delta survival of
0.01 would occur per ~240-cfs change in river flow.

e For Sacramento River flow of ~14,700-28,000 cfs, a change in through-Delta survival of
0.01 would occur per ~520-cfs change in river flow.

e For Sacramento River flow of ~28,000-51,000 cfs, a change in through-Delta survival of
0.01 would occur per ~3,000-cfs change in river flow.

Spring-run and fall-run Chinook salmon smolt survival was calculated on a daily basis under the
assumption that smolts were 80-mm fork length (i.e., close to the mean of the data used by
Newman [2003]) and took 10 days to migrate through Delta (Brandes pers. comm.). Covariates
used to estimate survival that required computations over the 10-day outmigration period (i.e.,
Log flow, salinity, exports, gate, and turbidity) were based on values for a given day and the
following nine days. Daily survival was multiplied by the assumed proportion of the spring-run
and fall-run Chinook salmon smolt populations entering the Delta on each day, which was the
same distribution developed from Sacramento trawl data for the DPM (Figure 5.D-62). For each
Chinook salmon run, daily survival multiplied by the proportion of fish entering the Delta on that
day was summed for each water year in order to facilitate comparisons between scenarios (NAA
and PA) over the water years 1922-2003 DSM2 simulation period.

As noted in Table 5.D-45, log flow covariate data were based on DSM2-HYDRO modeling for
the Sacramento River above Sutter and Steamboat Sloughs (downstream of the NDD) in order to
account for the potential effects of the PA on flow-related survival because of the proposed north
Delta diversions. Flow at this location is quite similar to flow at Freeport with no north Delta
diversions, suggesting that this is a reasonable proxy for Sacramento River flows at Freeport for
EBC scenarios.

No turbidity modeling data were available for input into the through-Delta survival calculations.
Turbidity covariate data were estimated from a regression of river flow at Freeport against
turbidity from Newman’s (2003) original modeling data (Figure 5.D-63). For implementation in
the present effects analysis, the turbidity data were estimated from the flow below the NDD (i.e.,
from 418 _MID) in order to capture the potential effect of the intakes in terms of reducing water
velocity and therefore decreasing suspended sediment concentration.

The results of the analysis are presented in Chapter 5, Effects Analysis for Chinook Slamon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale, and are summarized by overall
annual through-Delta survival and by NDD bypass flow level.

Biological Assessment for the 5 D-240 July 2016
California WaterFix : ICF 00237.15



Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

Table 5.D-45. Covariates and other Model Terms Used in Through Delta-Survival Modeling of Spring-Run Chinook Salmon Smolts Based on Newman

(2003)
. . . Summary of Covariate Data for BDCP Effects Analysis
Covariate or Definition Coefficient (Subscript = Modeled Mean and
Model Term Standard Error) Range (Newman 2003) Source of Data (Details) Comments
Intercept Intercept So: 0.59.10 - -
Sacramento Indicator of release at Sacramento fr: -0.56 3 _ All smolts assumed to be
(Yes=1,No=0) 1 70-9R016 released at Sacramento
Courtland Indicator of release at Courtland f2: -0.02 3 _ No smolts assumed to be
(Yes=1,No=0) 2 TR0 released at Courtland
Size Average fork length (mm) of f 0.23006 80.92 mm (61-96 mm) Newman (2003) (Close to mean | All smolts assumed to be 80
smolts release group value) mm
DSM2-HYDRO (Sacramento River Used data for Sacramento
Log-transformed median Freeport 9.53 (8.71-10.84), 15,379 | Upstream of Sutter and Steamboat River below the proposed
Log flow g - | Freep pa: 0.860.12 cfs (6,085-50,800 cfs) [Slough [downstream of North Delta prop
flow (cfs) during outmigration 2 - - NDD to assess flow effect on
when untransformed Diversion], i.e., output location survival
418 MID)
Salinit Median conductivity (1 mho/cm) fs: 0.30 5,219.79 p mho/cm (160- DSM2-QUAL (Collinsville, _
y at Collinsville during outmigration > Vo009 12,873 p mho/cm) RSAC081)
Release River water temperature on day of . o o DSM2-QUAL (Freeport, _
Temperature release (°F) Pe: -0.80000 65.71°F (58-76°F) RSAC155)
Not included in analysis
Hatchery Hatchery water temperature on . R o because of little evidence of
Temperature day of release (°F) F7: 000000 54.55°F (49-60°F) - effect and lack of modeling
data
igtud of g  ow-ow
Tide and high-low tides and whether P8 -0.040.06 1.59 (0-2.7) - -
- L effect and lack of modeling
Delta was filling/draining data
. DSM2-HYDRO (Sum of Clifton
Exports I\?s?sl)agurﬁtne ogjfr;l;hr;il)tr? egﬁg(rjts Po: -0.310.10 4,888.23 szfg’289_8‘621 Court and absolute value of Delta -
9 9 P Mendota Canal flows)
Indicator of position of Delta .
- Assumed open if 10-day
Gate _Cro_ss Channel_durmg _ fho: -0.780.15 0.61 (0-1) DSM2-HYDRO (Delta Cross median position > 0.5 (where
outmigration (Open =1, Closed = Channel) _ _
0) 0 =closed and 1 = open)
Median water turbidity near Based on regression of flow at trllze S';\'lrggeglirg melloD\;vitrjwecl)?(\jAér
Turbidity Courtland during outmigration p1: 0.380.13 8.18 FTU (4.5-25.0 FTU) | Freeport vs. turbidity at Courtland —
. 2 - to capture possible flow-
(formazine turbidity units, FTU) from raw data of Newman (2003) L
related effect on turbidity
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Note: Standardized covariate values were plotted from range of values modeled by Newman (2003).

Figure 5.D-60. Effect of VVarying Each Covariate Across the Range of Data Modeled by Newman (2003),

Holding Other Covariates at Mean Values19, Assuming Closed Delta Cross Channel Gates, and Fish Releases
From Sacramento

10 Note, however, that there was some correlation between covariates, with flow and salinity having the greatest
correlation (r = -0.74; Newman 2003). Therefore it is not strictly correct to illustrate the effects of these covariates as
if they are independent.
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Note: Values were plotted from range of values modeled by Newman (2003) and were back-transformed to original scale of measurement.

Figure 5.D-61. Effect of Varying Sacramento River Flow and South Delta Exports Across the Range of Data
Modeled by Newman (2003), Holding Other Covariates at Mean Values, Assuming Closed Delta Cross
Channel Gates, and Fish Releases From Sacramento
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Figure 5.D-62. Assumed Proportional Distribution of Fall-Run and Spring-Run Chinook Salmon Smolts
Entering the Delta For the Through-Delta Survival Analysis

Biological Assessment for the

5.D-243

California WaterFix

July 2016
ICF 00237.15



Appendix 5.D. Quantitative Methods and Detailed Results for Effects Analysis of Chinook Salmon,
Central Valley Steelhead, Green Sturgeon, and Killer Whale

30
25 *»
— y=0.0003x+29117
P R?=0.6691
3 20
c
£
2
315
® L 2
2 o XX
T 10 4
=
2 ¢ & . *
5 .'0
0 I I I I I 1
0 10,000 20,000 30,000 40,000 50,000 60,000
Flow at Freeport (cfs)

Note: Using data from Newman 2003.

Figure 5.D-63. Relationship between Sacramento River Flow at Freeport and Turbidity at Courtland

5.D.1.2.3.3 Results

Most results of the analysis based on Newman (2003) are presented in Chapter 5, Section 5.4.1.3,
Assess Species Response to the Proposed Action. Selected results presented here were created in
response to agency comments on a draft of the analysis (Table 5.D-46and Figure 5.D-64).
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Table 5.D-46. Mean Annual Chinook Salmon Through-Delta Survival Estimated from the Analysis Based on
Newman (2003) During the Spring-Run Chinook Salmon Migration Period, Divided into Each NDD Bypass
Flow Level.

Pulse Protection

Level 1 Bypass Flows

Level 2 Bypass Flows

Level 3 Bypass Flows

WY Flows
NAA | PA PNAA"AS' NAA | PA PNAA"AS' NAA | PA P,\f‘A‘f' NAA | PA P,\f‘A‘z '
W | 099 | 099 | o0 | 096 | 0.7 (01'801) 091 | 092 | oo | 084 | 084 | ool
AN | 0.99 | 0.99 (01'&)1) 0.99 | 0.98 ((2)'&?) 0.93 | 0.93 8583 0.74 | 0.74 8583
BN | 0.92 | 0.92 (00'(%’) 0.81 | 0.81 (00'(%’) 0.66 | 0.64 (%&2) 0.66 | 0.64 (02801)
D | 095 | 0.94 (01801) 085 | 0.84 (01801) 0.66 | 0.66 8)'83 065 | 0.65 8583
c | 092|001 (01801) 0.60 | 059 (01801) 049 | 0.49 (01'83 NA* | NA | NA
Note: *NAA denotes that level 3 bypass flows did not occur in critical years during the spring-run migration period.
o v e S
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Effects of South Delta Exports and Sacramento River Flow Downstream of the NDD on Spring-Run
Chinook Salmon Survival, from Analysis Based on Newman (2003)
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Note: Values are based on the annual sum of daily calculations of (regression coefficient x standardized covariate value x proportion of fish entering the Delta)

Figure 5.D-64. Relative Effect of South Delta Exports and Sacramento River Flow Downstream of the NDD on Spring-Run Chinook Salmon Survival.
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5D.1.24 Analysis Based on Perry (2010)

5D.1.24.1 Introduction

Perry (2010) used binomial generalized linear models to estimate survival of acoustically tagged
Chinook salmon smolts in relation to flow in the Sacramento River below Georgiana Slough.
Survival was estimated from the Sacramento River below its junction with the Delta Cross
Channel/Georgiana Slough to Chipps Island!! (Perry 2010: 107-108). The basic flow-survival
relationship from Perry (2010), as implemented in the DPM, was used to assess the potential far-
field effect of the PA’s proposed NDD on through-Delta survival of Chinook salmon. This
section describes the methods used for the analysis, and provides selected detailed results that are
not already presented in Chapter 5, Effects Analysis for Chinook Slamon, Central Valley
Steelhead, Green Sturgeon, and Killer Whale.

5D.1.2.4.2 Methods

The analysis based on Perry (2010) used the flow-survival relationship for the Sacramento River
from Georgiana Slough to Chipps Island, based on the DPM implementation of this relationship
(Figure 5.D-65). The proportional survival in reaches Sac3 and Sac4 (i.e., Sacramento River
from Georgiana Slough to Chipps Island) for all days in the 1922-2003 DPM simulation period
were extracted from the 75 random iterations of the DPM for the NAA and PA scenarios. Each
iteration had a different daily value for survival, based on random draws from the flow-survival
probability distribution (Figure 5.D-65) for the flow on each day. For each of the 75 iterations,
proportional survival on each day was multiplied by the proportion of the juvenile Chinook
salmon population assumed to be entering the reach on that day, based on the fixed Delta entry
distributions used in the DPM12, For each year, the daily weighted survivals were summed for
each of the four bypass flow levels (i.e., pulse protection and Level 1-3 bypass flows)13 as well
as the total survival across all flow levels. For each annual value, means and 95% confidence
intervals4 were generated based on the 75 iterations of the summed values. These were
compared between scenarios. In addition to the analyses using Chinook salmon run-specific
weightings, analyses were also undertaken using an equal weighting for each day between
December 1 and June 30 (i.e., 1/213 days = weight of 0.00469 for each day) in order to examine
patterns during the main period of interest for juvenile salmonids.

11 perry (2010: 108) noted: “The upper reaches in the Sacramento River were excluded because telemetry stations
were not implemented consistently in all years and survival in these reaches remained relatively high over all years
of study.” Perry also assessed survival down the Sutter/Steamboat Slough pathway, although that portion of the
analysis is not considered here.

12 This results in a few days’ difference in entry into the Sac3 reach between the method based on Perry (2010) and
the DPM itself, because of the travel time between the entry point into the DPM (Sacramento River at Fremont
Weir) and the Sac3 reach.

13 Each date under the NAA scenario was assigned the same bypass flow level as the corresponding date under the
PA scenario, to account for the NAA scenario not being subject to bypass flow criteria (there would be no NDD
under the NAA).

14 The 95% confidence intervals were based on the 2.5 and 97.5" percentiles of the 75 iterations extracted from the
DPM.
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Figure 5.D-65. Juvenile Chinook Salmon Survival in DPM Reaches Sac3 and Sac4 (Sacramento River at
Georgiana Slough to Chipps Island) as a Function of Sacramento River Flow Below Georgiana Slough, As
Implemented for the Analysis Based on Perry (2010).

5.D.1.2.4.3 Results

This section is limited to presentation of additional plots to those presented in Chapter 5: time
series plots of survival from the Sacramento River at Georgiana Slough to Chipps Island by
bypass flow level (weighted by proportion of juvenile Chinook salmon occurring during each
flow level) and total survival, with 95% confidence intervals from the 75 iterations of the DPM
from which the results were extracted; and exceedance plots of the mean proportional survival by
bypass flow level, in addition to total survival. See Figure 5.D-66, etc. Interpretation of these
time series plots and other results of the analysis are presented in Chapter 5.
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Winter-Run Chinook Salmon: Pulse Protection Flows
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Note: Lines indicate 95% confidence intervals from the 75 iterations of the DPM’s implementation of the Perry (2010) flow-survival relationship. Survival is weighted by the proportion of the juvenile
population occurring during pulse protection flows.

Figure 5.D-66. Time Series of 95% Confidence Interval Annual Juvenile Winter-Run Chinook Salmon Weighted Survival from the Sacramento River
at Georgiana Slough to Chipps Island, Estimated from the Analysis Based on Perry (2010), During Pulse Protection Flows.
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Winter-Run Chinook Salmon: Level 1 Bypass Flows
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Note: Lines indicate 95% confidence intervals from the 75 iterations of the DPM’s implementation of the Perry (2010) flow-survival relationship. Survival is weighted by the proportion of the juvenile
population occurring during Level 1 NDD bypass flows.

Figure 5.D-67. Time Series of 95% Confidence Interval Annual Juvenile Winter-Run Chinook Salmon Through-Delta Weighted Survival from the
Sacramento River at Georgiana Slough to Chipps Island, Estimated from the Analysis Based on Perry (2010), During Level 1 NDD Bypass Flows.
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Winter-Run Chinook Salmon: Level 2 Bypass Flows
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Note: Lines indicate 95% confidence intervals from the 75 iterations of the DPM’s implementation of the Perry (2010) flow-survival relationship. Survival is weighted by the proportion of the juvenile
population occurring during Level 2 NDD bypass flows.

Figure 5.D-68. Time Series of 95% Confidence Interval Annual Juvenile Winter-Run Chinook Salmon Weighted Survival from the Sacramento River
at Georgiana Slough to Chipps Island, Estimated from the Analysis Based on Perry (2010), During Level 2 NDD Bypass Flows.
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Appendix 5D, Quantitative Methods and Detailed Results for Effects Analysis of
Chinook Salmon, Central Valley Steelhead, Green Sturgeon, and Killer Whale

Winter-Run Chinook Salmon: Level 3 Bypass Flows
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Note: Lines indicate 95% confidence intervals from the 75 iterations of the DPM’s implementation of the Perry (2010) flow-survival relationship. Survival is weighted by the proportion of the juvenile
population occurring during Level 3 NDD bypass flows.

Figure 5.D-69. Time Series of 95% Confidence Interval Annual Juvenile Winter-Run Chinook Salmon Weighted Survival from the Sacramento River
at Georgiana Slough to Chipps Island, Estimated from the Analysis Based on Perry (2010), During Level 3 NDD Bypass Flows.
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Appendix 5D, Quantitative Methods and Detailed Results for Effects Analysis of
Chinook Salmon, Central Valley Steelhead, Green Sturgeon, and Killer Whale

Winter-Run Chinook Salmon: Total Survival
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Note: Lines indicate 95% confidence intervals from the 75 iterations of the DPM’s implementation of the Perry (2010) flow-survival relationship.

Figure 5.D-70. Time Series of 95% Confidence Interval Annual Juvenile Winter-Run Chinook Salmon Total Survival from the Sacramento River at
Georgiana Slough to Chipps Island, Estimated from the Analysis Based on Perry (2010).
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Appendix 5D, Quantitative Methods and Detailed Results for Effects Analysis of
Chinook Salmon, Central Valley Steelhead, Green Sturgeon, and Killer Whale

Winter-Run Chinook Salmon: Survival from Sacramento River at Georgiana
Slough to Chipps Island (Based on Perry 2010)
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Note: Plot only includes annual mean responses and does not consider model uncertainty.

Figure 5.D-71. Exceedance Plot of Annual Juvenile Winter-Run Chinook Salmon Weighted Survival from the Sacramento River at Georgiana Slough
to Chipps Island, Estimated from the Analysis Based on Perry (2010), By NDD Bypass Flow Level.
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Appendix 5D, Quantitative Methods and Detailed Results for Effects Analysis of
Chinook Salmon, Central Valley Steelhead, Green Sturgeon, and Killer Whale

Spring-Run Chinook Salmon: Pulse Protection Flows
0.10 +
2
L 0.09 -
S 0.08 -
2 _ ;
S S 0.07 - n
N o ::
ERS 0.06 - i NAA: hi 95%
2 § 0.05 - {i NAA: lo 95%
— [
238004 - [ . PA: hi 95%
o= ip
& S 003 - ] H PA: lo 95%
80
£ 002 - '
2 \ A
%J 0.01 - i\ A N
\
O-OO \\\\\\\\\\TT\\\\\\\\\\\\A\\\\\\\\TT\\\\\\\\\\\\\TT_’-VTT\\\\\\A\\\TTTT\\\\\\\\\\\\

AN OO AN O M OO ANLL O dASMNNOMOOANLL O dASN~SMOM

N AN ANOOOHOOITITIT T ITOOLL O O© OIN~NNMNMNIMNMNMIMOWOOWOOWOO O OO

OO O OO OO OOO)O OO OO OO OO OO O OO OO OO OO OO O O

U I I IO IO e B e B O O O e R IR R O e O e R IO R e R e O e R R R IO e IO e B IR @ N I @\ |

Note: Lines indicate 95% confidence intervals from the 75 iterations of the DPM’s implementation of the Perry (2010) flow-survival relationship. Survival is weighted by the proportion of the juvenile
population occurring during pulse protection flows.

Figure 5.D-72. Time Series of 95% Confidence Interval Annual Juvenile Spring-Run Chinook Salmon Weighted Survival from the Sacramento River at
Georgiana Slough to Chipps Island, Estimated from the Analysis Based on Perry (2010), During Pulse Protection Flows.

Biological Assessment for the 5 D-256 July 2016
California WaterFix : ICF 00237.15



Appendix 5D, Quantitative Methods and Detailed Results for Effects Analysis of
Chinook Salmon, Central Valley Steelhead, Green Sturgeon, and Killer Whale

Spring-Run Chinook Salmon: Level 1 Bypass Flows
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Note: Lines indicate 95% confidence intervals from the 75 iterations of the DPM’s implementation of the Perry (2010) flow-survival relationship. Survival is weighted by the proportion of the juvenile
population occurring during Level 1 NDD bypass flows.

Figure 5.D-73. Time Series of 95% Confidence Interval Annual Juvenile Spring-Run Chinook Salmon Weighted Survival from the Sacramento River at
Georgiana Slough to Chipps Island, Estimated from the Analysis Based on Perry (2010), During Level 1 NDD Bypass Flows.
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Appendix 5D, Quantitative Methods and Detailed Results for Effects Analysis of
Chinook Salmon, Central Valley Steelhead, Green Sturgeon, and Killer Whale

Spring-Run Chinook Salmon: Level 2 Bypass Flows
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Note: Lines indicate 95% confidence intervals from the 75 iterations of the DPM’s implementation of the Perry (2010) flow-survival relationship. Survival is weighted by the proportion of the juvenile
population occurring during Level 2 NDD bypass flows.

Figure 5.D-74. Time Series of 95% Confidence Interval Annual Juvenile Spring-Run Chinook Salmon Weighted Survival from the Sacramento River at
Georgiana Slough to Chipps Island, Estimated from the Analysis Based on Perry (2010), During Level 2 NDD Bypass Flows.
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Appendix 5D, Quantitative Methods and Detailed Results for Effects Analysis of
Chinook Salmon, Central Valley Steelhead, Green Sturgeon, and Killer Whale

Spring-Run Chinook Salmon: Level 3 Bypass Flows
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Note: Lines indicate 95% confidence intervals from the 75 iterations of the DPM’s implementation of the Perry (2010) flow-survival relationship. Survival is weighted by the proportion of the juvenile
population occurring during Level 3 NDD bypass flows.

Figure 5.D-75. Time Series of 95% Confidence Interval Annual Juvenile Spring-Run Chinook Salmon Weighted Survival from the Sacramento River at
Georgiana Slough to Chipps Island, Estimated from the Analysis Based on Perry (2010), During Level 3 NDD Bypass Flows.
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Appendix 5D, Quantitative Methods and Detailed Results for Effects Analysis of
Chinook Salmon, Central Valley Steelhead, Green Sturgeon, and Killer Whale

Spring-Run Chinook Salmon: Total Survival
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Note: Lines indicate 95% confidence intervals from the 75 iterations of the DPM’s implementation of the Perry (2010) flow-survival relationship.

Figure 5.D-76. Time Series of 95% Confidence Interval Annual Juvenile Spring-Run Chinook Salmon Total Survival from the Sacramento River at
Georgiana Slough to Chipps Island, Estimated from the Analysis Based on Perry (2010).
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Appendix 5D, Quantitative Methods and Detailed Results for Effects Analysis of
Chinook Salmon, Central Valley Steelhead, Green Sturgeon, and Killer Whale

Spring-Run Chinook Salmon: Survival from Sacramento River at Georgiana
Slough to Chipps Island (Based on Perry 2010)
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Note: Plot only includes annual mean responses and does not consider model uncertainty.

Figure 5.D-77. Exceedance Plot of Annual Juvenile Spring-Run Chinook Salmon Weighted Survival from the Sacramento River at Georgiana Slough to
Chipps Island, Estimated from the Analysis Based on Perry (2010), By NDD Bypass Flow Level.
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Appendix 5D, Quantitative Methods and Detailed Results for Effects Analysis of
Chinook Salmon, Central Valley Steelhead, Green Sturgeon, and Killer Whale

Equal Daily Weighting: Pulse Protection Flows

0.09 -
o\o
& 0.08 -
©
= 0.07
>3
>
B 5 0.06
© ?C, 0.05 NAA: hi 95%
2 O NAA: lo 95%
2o 0.04 PA: hi 95%
£ £ 0.03 PA: lo 95%
@]
O
T~ 0.02
S
3 0.01
=
0.00

Note: Lines indicate 95% confidence intervals from the 75 iterations of the DPM’s implementation of the Perry (2010) flow-survival relationship. Survival is weighted by the proportion of the juvenile
population occurring during pulse protection flows.

Figure 5.D-78. Time Series of 95% Confidence Interval Annual Juvenile Chinook Salmon Weighted Survival from the Sacramento River at Georgiana
Slough to Chipps Island, Estimated from the Analysis Based on Perry (2010), During Pulse Protection Flows, Assuming Equal Daily Weighting from
December to June.
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Appendix 5D, Quantitative Methods and Detailed Results for Effects Analysis of
Chinook Salmon, Central Valley Steelhead, Green Sturgeon, and Killer Whale

Equal Daily Weighting: Level 1 Bypass Flows
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Note: Lines indicate 95% confidence intervals from the 75 iterations of the DPM’s implementation of the Perry (2010) flow-survival relationship. Survival is weighted by the proportion of the juvenile
population occurring during Level 1 NDD bypass flows.

Figure 5.D-79. Time Series of 95% Confidence Interval Annual Juvenile Chinook Salmon Weighted Survival from the Sacramento River at Georgiana
Slough to Chipps Island, Estimated from the Analysis Based on Perry (2010), During Level 1 NDD Bypass Flows, Assuming Equal Daily Weighting
from December to June.
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Appendix 5D, Quantitative Methods and Detailed Results for Effects Analysis of
Chinook Salmon, Central Valley Steelhead, Green Sturgeon, and Killer Whale

Equal Daily Weighting: Level 2 Bypass Flows
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Note: Lines indicate 95% confidence intervals from the 75 iterations of the DPM’s implementation of the Perry (2010) flow-survival relationship. Survival is weighted by the proportion of the juvenile
population occurring during Level 2 NDD bypass flows.

Figure 5.D-80. Time Series of 95% Confidence Interval Annual Juvenile Chinook Salmon Weighted Survival from the Sacramento River at Georgiana
Slough to Chipps Island, Estimated from the Analysis Based on Perry (2010), During Level 2 NDD Bypass Flows, Assuming Equal Daily Weighting
from December to June.
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Appendix 5D, Quantitative Methods and Detailed Results for Effects Analysis of
Chinook Salmon, Central Valley Steelhead, Green Sturgeon, and Killer Whale

Equal Daily Weighting: Level 3 Bypass Flows
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Note: Lines indicate 95% confidence intervals from the 75 iterations of the DPM’s implementation of the Perry (2010) flow-survival relationship. Survival is weighted by the proportion of the juvenile
population occurring during Level 3 NDD bypass flows.

Figure 5.D-81. Time Series of 95% Confidence Interval Annual Juvenile Chinook Salmon Weighted Survival from the Sacramento River at Georgiana
Slough to Chipps Island, Estimated from the Analysis Based on Perry (2010), During Level 3 NDD Bypass Flows, Assuming Equal Daily Weighting
from December to June.
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Appendix 5D, Quantitative Methods and Detailed Results for Effects Analysis of
Chinook Salmon, Central Valley Steelhead, Green Sturgeon, and Killer Whale

Equal Daily Weighting: Total Survival
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Note: Lines indicate 95% confidence intervals from the 75 iterations of the DPM’s implementation of the Perry (2010) flow-survival relationship.

Figure 5.D-82. Time Series of 95% Confidence Interval Annual Juvenile Chinook Salmon Total Survival from the Sacramento River at Georgiana
Slough to Chipps Island, Estimated from the Analysis Based on Perry (2010), Assuming Equal Daily Weighting from December to June.
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Appendix 5D, Quantitative Methods and Detailed Results for Effects Analysis of
Chinook Salmon, Central Valley Steelhead, Green Sturgeon, and Killer Whale

Chinook Salmon: Survival from Sacramento River at Georgiana Slough to
Chipps Island (Based on Perry 2010), With Equal Daily Weighting
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Note: Plot only includes annual mean responses and does not consider model uncertainty.

Figure 5.D-83. Exceedance Plot of Annual Juvenile Chinook Salmon Weighted Survival from the Sacramento River at Georgiana Slough to Chipps
Island, Estimated from the Analysis Based on Perry (2010), By NDD Bypass Flow Level and Assuming Equal Daily Weighting from December to June.
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Chinook Salmon, Central Valley Steelhead, Green Sturgeon, and Killer Whale

5.D.1.3 Habitat Suitability
5.D.1.3.1 Bench Inundation

As described in Chapter 5, Effects Analysis for Chinook Slamon, Central Valley Steelhead,
Green Sturgeon, and Killer Whale, PA operations have the potential to affect the extent of
riparian and wetland bench inundation (e.g., by lowering water surface elevation downstream of
the NDD), thereby affecting the suitability of channel margin habitat for juvenile Chinook
salmon. This potential effect was assessed by calculating bench inundation indices for a number
of habitat benches in the north Delta.

Data for 37 riparian benches (total length = 31,428 ft; 6.0 miles) and 17 wetland benches (total
length = 15,973 ft; 3.0 miles) in the north Delta were obtained (Table 5.D-47). Some riparian and
wetland benches were located at the same site (Figure 5.D-84), indicated in Table 5.D-47 by
having the same number in their codes. Each bench belonged to one of five grouped geographic
locations, and each bench was matched with the nearest DSM2-HYDRO output location for
which stage data were available.

In order to represent inundation of differing levels of the benches over their entire elevations,
four equally spaced increments were calculated between the minimum and maximum elevations.
For example, riparian bench R1 in Cache Slough (minimum elevation = 4.3 ft, maximum
elevation = 6.3 ft) was divided into the increments 4.3 ft, 4.8 ft, 5.3 ft, and 5.8 ft. In essence, this
process divided each bench into four sub-benches, each of slightly different elevation. This
process was adopted because division into regular increments (e.g., every 0.5 ft or every 1 ft)
would have been computationally intensive because the difference between maximum and
minimum elevations was 5 ft or more in some cases (e.g., riparian bench R5), whereas for others
the difference was small (less than 2 ft).

Water depth on each sub-bench was calculated for every 15-minute time step available from the
1922-2003 DSM2-HYDRO simulation. The depth was calculated as the difference between the
water surface elevation at the nearest DSM2-HY DRO output location and the sub-bench
elevation; if this calculation was negative, it indicated that the water was below the level of the
sub-bench, and water depth was zero. Water depth was converted to a habitat suitability score by
applying the suitability curve from USFWS (2005) for juvenile Chinook salmon (Figure 5.D-85).
USFWS (2005) provides several different curves, but the curve for juvenile Chinook salmon was
selected because it represents juveniles >60 mm in length, which is representative of most
winter-run-sized juvenile Chinook salmon entering the Delta, for example (del Rosario et al.
2013).

The habitat suitability score for each sub-bench in each 15-minute period was then multiplied by
the length of the site at which each sub-bench occurred. An overall bench inundation index was
calculated for each bench type in each of the five geographic locations in each season (winter:
December-February; spring: March-June) in each water year, by summing all of the applicable
15-minute length-weighted habitat suitability scores, then dividing by the sum of the
corresponding site lengths for all of these observations. This final bench inundation index
represents the overall suitability of bench habitat for juvenile Chinook salmon, based on water
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depth. The index ranges from 0 (no water of suitable depth available at any time) to 1 (optimal
water depth available at all times on all sub-benches).

The results of the analysis were summarized by water year type and are presented in Chapter 5.
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Table 5.D-47. Characteristics of the Benches Analyzed for Inundation Effects of the PA.

I?re;;: Code Location Water body Length (ft) Mz?t E]k{l/%l)on M?fxt. I\Iil:\z\\;alst;on HYI[D)FSQI\(QZNO de

Riparian R1 Cache Slough Cache Slough 495 4.3 6.3 CACHE_RYER
R2 Sacramento River above NDD Sacramento River 268 5.0 10.0 NDD_US
R3 Sacramento River above NDD Sacramento River 894 5.0 10.0 NDD_US
R4 Sacramento River above NDD Sacramento River 166 5.0 10.0 NDD_US
R5 Sacramento River above NDD Sacramento River 322 5.1 10.4 NDD_US
R6 Sacramento River above NDD Sacramento River 285 5.8 10.4 NDD_US
R7 Sacramento River above NDD Sacramento River 1,254 6.0 8.6 NDD_US
R8 Sacramento River above NDD Sacramento River 1,320 6.0 10.6 NDD_US
R9 Sacramento River above NDD Sacramento River 730 6.5 7.5 NDD_US
R10 Sacramento River above NDD Sacramento River 1,061 7.1 8.3 NDD_US
R11 Sacramento River above NDD Sacramento River 1,473 8.0 10.0 NDD_US
R12 Sacramento River above NDD Sacramento River 329 8.0 10.0 NDD_US
R13 Sacramento River above NDD Sacramento River 888 8.0 10.0 NDD_US
R14 Sacramento River above NDD Sacramento River 720 8.0 10.0 NDD_US
R15 Sacramento River above NDD Sacramento River 1,566 8.0 10.0 NDD_US
R16 Sacramento River above NDD Sacramento River 298 8.0 10.0 NDD_US
R17 Sacramento River above NDD Sacramento River 970 8.0 12.0 NDD_US
R18 Sacramento River above NDD Sacramento River 770 3.9 3.9 NDD_US
R19 Sutte?/aSCtreZ%eanZtgll\.licr) fF:(i)(;TlVista Sacramento River 210 5.0 5.8 RSAC123
R21 Suttef;"s‘;'r;"r:]eb”;;’t%'l‘_’% fF:‘i’(;“Vista Sacramento River 660 4.6 6.6 RSAC123
R22 Suttef;"s‘;'r;"r:]eb”;;’t%'l‘_’% fF:‘i’(;“Vista Sacramento River 815 5.0 7.0 RSAC123
R24 Sacramento River above NDD Sacramento River 1,322 4.6 13.9 RSAC155
R25 Sacramento River above NDD Sacramento River 198 5.5 8.2 RSAC155
R26 Sacramento River above NDD Sacramento River 1,124 6.1 9.1 RSAC155
R27 Sacramento River above NDD Sacramento River 1,668 6.3 8.5 RSAC155
R28 Sacramento River above NDD Sacramento River 895 8.0 12.0 RSAC155
R29 Sacra”s‘i':ttgrfs't‘é Zrmbbe;‘;"’s’l\_'DD © | sacramento River 202 49 5.5 SAC—?E’—SUT
R30 Sacra”s‘i':ttgrfs't‘é Zrmbbe;‘;"’s’l\_'DD © | sacramento River 420 5.5 6.1 SAC—?E’—SUT
R31 Sacra”s‘i':ttgrfs't‘é Zrmbbe;‘;"’s’l\_'DD © | sacramento River 2,325 6.2 8.2 SAC—?E’—SUT
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Bench . Min. Elevation | Max. Elevation DSM2-
Type Code Location Water body Length (ft) (ft NAVD) (ft NAVD) HYDRO Node
R33 Cache Slough Cache Slough 2,455 4.6 6.6 SLCCHO016
R34 Sutter/Steamboat Sloughs Steamboat Slough 708 2.1 5.0 SLSBTO011
R35 Sutter/Steamboat Sloughs Steamboat Slough 740 2.1 8.0 SLSBTO011
R36 Sutter/Steamboat Sloughs Steamboat Slough 439 5.1 7.0 SLSBTO011
R37 Sutter/Steamboat Sloughs Steamboat Slough 430 4.3 6.3 SLSBTO011
R38 Sutter/Steamboat Sloughs Steamboat Slough 353 5.1 5.8 STMBT_SL
R39 Sutter/Steamboat Sloughs Sutter Slough 1,415 4.2 7.2 SUT _US MIN
R40 Sutter/Steamboat Sloughs Sutter Slough 1,150 4.2 7.2 SUT _US MIN
Wetland W1 Cache Slough Cache Slough 495 2.3 4.3 CACHE_RYER
W8 Sacramento River above NDD Sacramento River 1,320 2.9 4.1 NDD_US
Sacramento River from .
W19 Sutter/Steamboat SI. to Rio Vista Sacramento River 210 0.9 2.1 RSAC123
Sacramento River from .
W20 Sutter/Steamboat SI. to Rio Vista Sacramento River 745 -0.5 3.4 RSAC123
Sacramento River from .
w21 Sutter/Steamboat SI. to Rio Vista Sacramento River 660 2.6 4.6 RSAC123
Sacramento River from .
W22 Sutter/Steamboat SI. to Rio Vista Sacramento River 815 2.9 4.9 RSAC123
wog | Sacramento River below NDDto | g, oments River 790 05 3.4 RSAC142
Sutter/Steamboat SI.
W24 Sacramento River above NDD Sacramento River 1,322 -0.8 4.2 RSAC155
W26 Sacramento River above NDD Sacramento River 1,124 1.8 2.8 RSAC155
Sacramento River below NDD to . SAC DS SUT
W3l Sutter/Steamboat SI. Sacramento River 2,325 3.2 5.2 SL
W32 Cache Slough Cache Slough 1,042 0.9 2.1 SLCCHO016
W33 Cache Slough Cache Slough 2,455 2.6 4.6 SLCCHO016
W34 Sutter/Steamboat Sloughs Steamboat Slough 708 0.9 2.1 SLSBT011
W35 Sutter/Steamboat Sloughs Steamboat Slough 740 0.9 2.1 SLSBT011
W36 Sutter/Steamboat Sloughs Steamboat Slough 439 0.9 2.1 SLSBT011
W37 Sutter/Steamboat Sloughs Steamboat Slough 430 2.3 4.3 SLSBT011
W38 Sutter/Steamboat Sloughs Steamboat Slough 353 0.9 2.1 STMBT_SL
Source: US Army Corps of Engineers and California Department of Water Resources Databases.
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Figure 5.D-84. Benches Analyzed for Inundation Effects of the PA.
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Figure 5.D-85. Habitat Suitability Curve for Juvenile Chinook Salmon.

5.D.2 Upstream Effects
5D.2.1 Water Temperature Methods
5D.2.1.1 Introduction

Water temperatures can have adverse lethal and sublethal effects to listed salmonids and green
sturgeon. To determine whether there would be water temperature-related effects, this analysis
used daily modeled water temperatures from HEC-5Q models for the Sacramento and American
Rivers.

Water temperature results for key locations in the Sacramento and American Rivers are reported
in Appendix 5.C, Upstream Water Temperature Methods and Results. Results in Appendix 5.C
are presented as: (1) mean monthly exceedance plots; (2) box and whiskers plots, with mean,
median, quartiles, and 25" and 75" percentile values indicated; and (3) a table of summary
statistics and differences between NAA and PA for each statistic.

There were several methods used in this effects analysis to determine whether there would be
effects of the proposed action on listed salmonids and green sturgeon and their critical habitat.
The methods vary by river, race/species, and life stage (Table 5.D-48). The first analysis
characterized the results of physical model outputs to identify whether there are any locations,
months, or water year types that require a more detailed analysis. The second analysis
determined the frequency and magnitude of exceedance above one or more water temperature
thresholds for each life stage, race/species, and location. The third and fourth methods involved
an evaluation of water temperature-related mortality in the Sacramento River for winter- and
spring-run Chinook salmon using the Reclamation Egg Mortality Model and SALMOD.
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No water temperature analyses were conducted for the Trinity, Stanislaus, and San Joaquin
Rivers and Clear Creek because preliminary visual review of the data presented as monthly
means by water year type, exceedance plots, and box-and-whisker plots indicated that there were
no differences in water temperature between NAA and PA in these rivers (Appendix 5.C,
Upstream Water Temperature Methods and Results, Section 5.C.7, Upstream Water
Temperature Modeling Results).

July 2016
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Table 5.D-48. Water Temperature Analysis Methods Used in Each River, Species, and Life Stage

Life stage(s)

Method Used

Physical Model Output
Characterization

Water Temperature
Thresholds Analysis

Egg
Mortality Model

SALMOD -
Temperature-
Related Mortality

Sacramento River

Winter-run Chinook Salmon

Spawning, egg incubation,
and alevins

Fry and juvenile rearing

Juvenile emigration

Adult immigration

Adult holding

X[ X|X|X]| X

X | X[ X|X| X

Spring-run Chinook Salmon

Spawning, egg incubation,
and alevins

Fry and juvenile rearing

Juvenile emigration

Adult immigration

Adult holding

X | X|X|X| X

X|X|[X|X| X

Steelhead

Spawning, egg incubation,
and alevins

Kelt emigration

Juvenile rearing

Smolt emigration (not
migrant parr)

Adult immigration

Adult holding

XX X | X|X] X

X|X| X [ X|X| X

Green Sturgeon

Spawning, egg incubation

Pre- and post-spawn adult
holding

Post-spawn emigration

Larval to Juvenile rearing
and emigration

Adult immigration

X[ X | X| X |X

X| X | X| X | X

American River

Steelhead

Spawning, egg incubation,
and alevins

Kelt emigration

Juvenile rearing

Smolt emigration

Adult immigration

Adult holding

XX [ X|X|X] X

X | X[ X|X|X| X
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5.D.2.1.2 Detailed Methods

5.D.2.1.2.1 Physical Model Output Characterization

Patterns in water temperatures at key locations within the Sacramento and American Rivers were
evaluated for each month that a life stage of each race/species was present and were summarized
at the beginning of the section for each species and life stage. The purpose of this
characterization was to identify whether there were any locations, months, or water year types in
which differences in water temperatures between the PA and NAA could potentially cause a
biologically meaningful effect. It included an evaluation of exceedance plots of mean monthly
water temperature by month, box and whisker plots, and differences in mean monthly water
temperatures by month and water year type, all of which can be found in Appendix 5.C,
Upstream Water Temperature Methods and Results, Section 5.C.7, Upstream Water
Temperature Modeling Results. No strict criteria were used to determine a biologically
meaningful effect from these physical modeling results for this characterization step. However, if
a specific result appeared concerning based on best professional judgment, the month, water year
type, and location with the concerning result was flagged as requiring close examination in the
results of the remaining water temperature evaluation. In addition, specifics of the month, water
year type, and location with the concerning result were closely reviewed to determine the cause
of the result and to determine whether the modeled effect could be avoided during real time
operations.

5.D.2.1.2.2 Water Temperature Threshold Analysis

This analysis determined the frequency and magnitude of exceedance above one or more water
temperature thresholds obtained from the scientific literature and USEPA guidance for each
race/species and life stage at multiple locations within Sacramento River (Table 5.D-49) and
American River (Table 5.D-50). Because USEPA criteria are provided as seven-day average
daily maximum (7DADM) and water temperature model outputs are monthly means, an
additional conversion step was performed to convert 7DADM values into monthly means, which
involved first calculating daily mean and maximum values from historical stream gage data for
multiple locations in the Sacramento and American Rivers obtained from the California Data
Exchange Center web site (cdec.ca.gov). The 7DADM was calculated for each day using the
mean of that day and the preceding 6 days. Next, the difference between 7DADM and mean
daily values was calculated for each day. Finally, for each location, the mean monthly difference
between 7DADM and mean daily values was calculated. This difference was used as a
conversion value to adjust water temperature threshold values. These conversion values are
presented by month in Table 5.D-51 for the Sacramento River and Table 5.D-52 for the
American River.

The threshold analysis consisted of three steps. First, the total number of days across the 82-year
modeling period on which the modeled temperature exceeded a given threshold in Table 5.D-49
was divided by the total number of days for each month and water year type to provide the
frequency of exceedance above the threshold for each scenario. The difference in frequency of
exceedance between NAA and PA was then calculated for each month and water year type.

Second, for all days on which the modeled temperature exceeded a given temperature threshold
as shown in Table 5.D-49, the cumulative degrees exceeded were summed as a degree-day total
by month and water year type across the 82-year modeling period and divided by the total
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number of days on which the threshold was exceeded, to provide the average daily exceedance
for those days that exceeded the threshold temperature. The difference in average daily
exceedance between NAA and PA for a given month and water year type was then calculated.
Combined, these calculations provided a magnitude and frequency of exceedance above a given
temperature threshold.

The final step identified in which months and water year types there would be a biologically
meaningful effect by looking at both frequency and magnitude combined. The step defined a
biologically meaningful effect as the months and water year types in which water temperature
results met two criteria: (1) the difference in frequency of exceedance between NAA and PA was
greater than 5%, and (2) the difference in average daily exceedance was greater than 0.5°F. The
5% criterion was based on best professional judgment of fisheries biologists from NMFS,
CDFW, DWR, and Reclamation. The 0.5°F criterion was based on: (1) a review of the water
temperature-related mortality rates for steelhead eggs and juveniles (D. Swank, pers. comm.),
and (2) a reasonable water temperature differential that could be resolved through real-time
reservoir operations. The 0.5°F value was applied to all species/races and life stages although it
was based on data for steelhead eggs and juveniles. For those months and water year types that
met these two conditions, a thorough review was conducted to determine whether these patterns
were persistent across multiple years and whether the differences could be alleviated during real
time operations (i.e., the results are due to a model artifact when in reality, the system would not
be operated in this way). Further, when threshold results from a month and/or water year type
met these two criteria, exceedance plots were reviewed to determine whether the results may be
due to one or two outliers. If this was found to be the case, it was concluded that the effect was
not persistent enough to be biologically relevant.
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Table 5.D-49. Water Temperature Thresholds Used for Water Temperature Threshold Analyses, Sacramento River

. . . . Threshold (F)
Species Life Stage Period Location Mean Monthly | 7DADM: Sources/Notes
Keswick 55.4 USEPA 2003
Spawning, egg Clear Creek 55.4 USEPA 2003
incubation, and Apr-Oct Balls Ferry 55.4 USEPA 2003
alevins Bend Bridge 55.4 USEPA 2003
Red Bluff 55.4 USEPA 2003
Keswick 61 USEPA 2003; core juvenile rearing?
Clear Creek 61 USEPA 2003; core juvenile rearing
Fry and juvenile Balls Ferry 61 USEPA 2003; core juvenile rearing
. rearing and Jul-Mar - - - -
Winter-run emigration Bend Bridge 61 USEPA 2003; core juvenile rearing
Red Bluff 61 USEPA 2003; core juvenile rearing
Knights Landing 64 USEPA 2003; non-core juvenile rearing®
Keswick 68 USEPA 2003
A_dult_ Dec-Aug Bend Bridge 68 USEPA 2003
Immigration
Red Bluff 68 USEPA 2003
Keswick 61 USEPA 2003
Adult Holding Jan-Aug Balls Ferry 61 USEPA 2003
Red Bluff 61 USEPA 2003
Keswick 55.4 USEPA 2003
Spawning, egg Clear Creek 55.4 USEPA 2003
incubation, and Aug-Dec Balls Ferry 55.4 USEPA 2003
alevins Bend Bridge 55.4 USEPA 2003
Red Bluff 55.4 USEPA 2003
Spring-run Keswick 61 USEPA 2003; core juvenile rearing
Clear Creek 61 USEPA 2003; core juvenile rearing
Fry and juvenile Balls Ferry 61 USEPA 2003; core juvenile rearing
rearing and Year-round - : —— -
emigration Bend Bridge 61 USEPA 2003; core juvenile rearing
Red Bluff 61 USEPA 2003; core juvenile rearing
Knights Landing 64 USEPA 2003; non-core juvenile rearing
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. . . . Threshold (F)
Species Life Stage Period Location Mean Monthly | 7DADM: Sources/Notes
Keswick 68 USEPA 2003
Adult Mar-Sep Bend Bridge 68 USEPA 2003
Immigration
Spring_run Red Bluff 68 USEPA 2003
(Cont) Keswick 61 USEPA 2003
Adult Holding Apr-Sep Balls Ferry 61 USEPA 2003
Red Bluff 61 USEPA 2003
. 53 McCullough 2001
Keswick
56 NMFS 2009
53 McCullough 2001
Clear Creek
56 NMFS 2009
Spawning, egg 53 McCullough 2001
incubation, and Nov-Apr Balls Ferry
alevins 56 NMFS 2009
. 53 McCullough 2001
Bend Bridge
56 NMFS 2009
Red BIuff 53 McCullough 2001
Steelhead 56 NMFS 2009
68 USEPA 2003
Keswick 20 Average of studies cited in Richter and Kolmes 2005
(for upper end of suboptimal range)
68 USEPA 2003
Kelt Emigration Feb-May Bend Bridge 20 Average of studies cited in Richter and Kolmes 2005
(for upper end of suboptimal range)
68 USEPA 2003
Red Bluff 20 Average of studies cited in Richter and Kolmes 2005
(for upper end of suboptimal range)
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Threshold (F)

Species Life Stage Period Location Mean Monthly | 7DADM: Sources/Notes
intermediate value of ranges of optimal growth from
63 Grabowski 1973; Hokanson et al. 1977; Wurtsbaugh and
Keswick Davis 1977; Myrick and Cech 2005; and Beakes et al.
2014
69 Sullivan 2000
intermediate value of ranges of optimal growth from
63 Grabowski 1973; Hokanson et al. 1977; Wurtsbaugh and
Clear Creek Davis 1977; Myrick and Cech 2005; and Beakes et al.
2014
69 Sullivan 2000
intermediate value of ranges of optimal growth from
63 Grabowski 1973; Hokanson et al. 1977; Wurtsbaugh and
Steelhead | 5 it Rearing | Year-round Balls Ferry Davis 1977; Myrick and Cech 2005; and Beakes et al.
(Cont) 2014
69 Sullivan 2000
intermediate value of ranges of optimal growth from
63 Grabowski 1973; Hokanson et al. 1977; Wurtsbaugh and
Bend Bridge Davis 1977; Myrick and Cech 2005; and Beakes et al.
2014
69 Sullivan 2000
intermediate value of ranges of optimal growth from
63 Grabowski 1973; Hokanson et al. 1977; Wurtsbaugh and
Red Bluff Davis 1977; Myrick and Cech 2005; and Beakes et al.
2014
69 Sullivan 2000
. Zaugg and Wagner 1973; Adams et al. 1975; Zaugg
Keswick 54 1981; Hoar 1988
Zaugg and Wagner 1973; Adams et al. 1975; Zaugg
Steelhead - Clear Creek >4 1981; Hoar 1988
Smoltification Jan-Mar
(Cont) Balls Ferr 54 Zaugg and Wagner 1973; Adams et al. 1975; Zaugg
y 1981; Hoar 1988
. Zaugg and Wagner 1973; Adams et al. 1975; Zaugg
Bend Bridge >4 1981; Hoar 1988
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. . . . Threshold (F)
Species Life Stage Period Location Mean Monthly | 7DADM: Sources/Notes
Zaugg and Wagner 1973; Adams et al. 1975; Zaugg
Red Bluff 54 1981; Hoar 1988
. 61 USEPA 2003; core location
Keswick -
64 USEPA 2003; non-core location
61 USEPA 2003; core location
Clear Creek -
Smolt 64 USEPA 2003; non-core location
Emigration 61 USEPA 2003; core location
Nov-Jun Balls Ferry -
(excludes 64 USEPA 2003; non-core location
migrant parr) _ 61 USEPA 2003; core location
Bend Bridge -
64 USEPA 2003; non-core location
61 USEPA 2003; core location
Red Bluff -
64 USEPA 2003; non-core location
68 USEPA 2003
Keswick 0 Average of studies cited in Richter and Kolmes 2005
(for upper end of suboptimal range)
68 USEPA 2003
Adult Aug-M Bend Brid ies cited in Ri
Immigration ug-mar €na briage 70 Average of studies cited in Richter and Kolmes 2005
(for upper end of suboptimal range)
68 USEPA 2003
Red Bluff 20 Average of studies cited in Richter and Kolmes 2005
(for upper end of suboptimal range)
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Threshold (F)

Species Life Stage Period Location Mean Monthly | 7DADM: Sources/Notes
Keswick 61 USEPA 2003
St(eg(')?ﬁ;"d Adult Holding | Sep-Nov Balls Ferry 61 USEPA 2003
Red Bluff 61 USEPA 2003
; Bend Bridge 63
Spawning and Upper end of optimal range for embryonic development
Embryo Mar-Jul Red Bluff 63
Incubation - - (Van Eenennaam 2005)
Hamilton City 63
66 Assumes that adults are at least as tolerant to
Bend Bridge temperatures as larvae and juveniles
73 Houston 1988; Erickson et al. 2002
66 Assumes that adults are at least as tolerant to
Non-Spawning Aug-Feb Red Bluff temperatures as larvae and juveniles
A(\;j;qj:frrf?gge 73 Houston 1988; Erickson et al. 2002
igration,
StCL;J:e?a?)n Pre an% Post- 66 Assumes that adults are at least as tolerant to
g Spawn Holding) Hamilton City temperatures as larvae and juveniles
73 Houston 1988; Erickson et al. 2002
66 Assumes that adults are at least as tolerant to
Year-round Knights Landing temperatures as larvae and juveniles
73 Houston 1988; Erickson et al. 2002
Bend Bridge 66
Larval to Red Bluff 66 Upper end of optimal range for bioenergetics
Juvenile Rearing | Year-round - - performance of Age 0/1 sturgeon with full or reduced
and Emigration Hamilton City 66 food supply (Mayfield and Cech 2004)
Knights Landing 66
1 7DADM = Seven Day Average Daily Maximum
2 Core = “moderate to high density” (USEPA 2003)
% Non-core = “low to moderate density” (USEPA 2003)
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Table 5.D-50. Water Temperature Thresholds Used for Water Temperature Threshold Analyses, American River

. . . . Threshold (°F)
Species Life Stage Period Location Mean Monthly | 7DADM? Source/Note
Spawning, egg Hazel Avenue 53 from McCullough 2001
mcugﬁ;\'/?:é and Dec-May Watt Avenue 53 from McCullough 2001
Hazel Avenue 68 USEPA 2003
Average of studies cited in Richter and Kolmes
Kelt emigration Feb-May Watt Avenue 70 2005 (for upper end of suboptimal range)
Hazel Avenue 68 USEPA 2003
Average of studies cited in Richter and Kolmes
Watt Avenue 70 20(?5 (for upper end of suboptimal range)
intermediate value of ranges of optimal growth
63 from Grabowski 1973; Hokanson et al. 1977;
Hazel Avenue Wourtsbaugh and Davis 1977; Myrick and Cech
2005, and Beakes et al. 2014
Juvenile rearing Year-round 69 - - Sullivan 2000 -
intermediate value of ranges of optimal growth
63 from Grabowski 1973; Hokanson et al. 1977;
Steelhead Hazel Avenue Wourtsbaugh and Davis 1977; Myrick and Cech
2005, and Beakes et al. 2014
69 Sullivan 2000
Zaugg and Wagner 1973; Adams et al. 1975;
e . Hazel Avenue 54 % Zaugg 1981; Hoar 1988
Smoltification Jan-Mar - -
Watt Avenue 54 Zaugg and Wagner 1973; Adams et al. 1975;
Zaugg 1981; Hoar 1988
Smolt Emigration Dec-Jun Hazel Avenue 61 USEPA 2003; core Iocatiorf
Watt Avenue 64 USEPA 2003; non-core location®
68 USEPA 2003
Hazel Avenue 70 Average of studies cited in Richter and Kolmes
Adult Oct-Apr 2005 (for upper end of suboptimal range)
Immigration 68 USEPA 2003
Hazel Avenue 70 Average of studies cited in Richter and Kolmes
2005 (for upper end of suboptimal range)
. Hazel Avenue 61 USEPA 2003
Adult Holding Oct-Nov Watt Avenue 61 USEPA 2003
1 7DADM = Seven Day Average Daily Maximum
2 Core = “moderate to high density” (USEPA 2003)
% Non-core = “low to moderate density” (USEPA 2003)
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Table 5.D-51. Conversion Factors (°F) for EPA Seven-Day Average Daily Maximum Water Temperature
Thresholds to monthly mean, Sacramento River®.

Month Keswick Clear Creek | Balls Ferry | Bend Bridge Red Bluff ‘éY(;L"g;ﬂi
January -0.36 -1.01 -0.75 -0.67 -0.86 0.0
February -0.28 -1.11 -0.86 -0.62 -0.97 -0.3

March -0.17 -1.29 -0.94 -0.66 -1.23 -0.3

April -0.25 -1.66 -1.47 -0.95 -1.55 -0.6

May -0.36 -1.73 -2.18 -1.59 -1.47 -14
June -0.32 -1.55 -2.25 -1.87 -0.96 -1.2
July -0.36 -1.41 -2.18 -2.01 -0.90 -1.3

August -0.43 -1.74 -2.06 -1.61 -0.94 -1.3

September -0.30 -2.00 -1.76 -1.16 -1.70 -2.0
October -0.25 -1.73 -1.25 -0.91 -1.83 -14

November -0.38 -1.37 -1.10 -0.99 -1.53 -1.3
December -0.82 -1.42 -1.30 -1.24 -1.48 -1.0

1 Based on historical data from 2003-2014 for all sites except Wilkins Slough, which is based on historical data from November 2012
through June 2015. For a given location and month, values in this table were added to 7DADM thresholds in Table 5.D-49 such that actual
thresholds used in the evaluation for each month were lower than those listed in Table 5.D-49.

2 Because there is no flow gage at Knights Landing, Wilkins Slough data were used to calculate the conversion factor for Knights Landing

Table 5.D-52. Conversion Factors (°F) for EPA Seven-Day Average Daily Maximum Water Temperature
Thresholds to monthly mean, American River®.

Month Folsom Dam Hazel Ave WiIIiaPrngT( Pond Watt Ave
January -0.74 -0.44 -1.16 -1.01
February -0.44 -0.15 -1.28 -1.05

March -0.55 -0.25 -1.71 -1.29

April -0.80 -0.40 -2.09 -1.72

May -0.89 -0.60 -2.32 -2.05

June -0.55 -0.44 -2.32 -2.55

July -1.09 -0.50 -2.61 -3.17
August -2.07 -0.70 -3.01 -3.11
September -1.54 -0.59 -3.02 -2.52
October -1.46 -0.60 -2.53 -2.01
November -1.82 -0.80 -2.01 -1.65
December -1.10 -0.77 -1.51 -1.26

1 Based on historical data from 2003-2014. For a given location and month, values in this table were added to 7DADM thresholds in Table
5.D-50 such that actual thresholds used in the evaluation were lower than those listed in Table 5.D-50.

5.D.2.1.2.3 Reclamation Egg Mortality Model

The Reclamation Egg Mortality Model was used to evaluate water temperature-related mortality
to pre-spawned eggs, fertilized eggs, and pre-emergent fry of winter-run and spring-run Chinook
salmon in the Sacramento River. Attachment 5.D-1, Reclamation Egg Mortality Model,
describes the details of the model. NMFS believes this model underestimates temperature related
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mortality and likely not sensitive enough to capture small differences in scenarios or
temperature-related mortality experienced by recent winter-run brood years. As a result, results
should be viewed with caution until a more accurate model is developed

Results of this model are presented for each race as exceedance plots by water year type, mean
annual mortality by water year type and for all water year types combined, and differences in
mean annual mortality between NAA and PA by water year type and for all water year types
combined. It was concluded that there would be a biologically meaningful effect of the PA if egg
mortality was at least 2% higher on a raw scale compared to the NAA. This more conservative
2% value was used instead of the 5% value used elsewhere in this effects analysis because the
egg life stage has the highest potential effect on the propagation of population size in a life cycle
context.

5D.2.1.2.4 SALMOD

The SALMOD model was used to evaluate flow- and temperature-related mortality of early life
stages and overall production of spring- and winter-run Chinook salmon in the Sacramento
River. Attachment 5.D-2, SALMOD Model, describes the details of the model and the results of
the analysis described here.

There are two primary sources of mortality evaluated in SALMOD, water temperature-related
and flow-related, both of which could affect multiple life stages. Water temperature-related
mortality for the Spawning, Egg incubation, and Alevins section of the results included pre-
spawn (in vivo, or in the mother before spawning) and egg (in the gravel) life stages (see
Attachment 5.D-2, SALMOD Model, for full description). Water temperature-related mortality
included in Chapter 5, Section 5.4.2.1.3.1.2, Fry and Juvenile Rearing, for winter-run Chinook
salmon and Section 5.4.2.1.3.2.2, Fry and Juvenile Rearing, for spring-run Chinook salmon
includes the fry, pre-smolt, and immature smolt life stages. For each source of mortality by life
stage for the NAA and PA, results are presented as exceedance plots and mean annual values, as
well as differences between NAA and PA. These results are presented by water year type and for
all water year types combined. A 5% difference between NAA and PA in mean value of an
output parameter was considered biologically meaningful. Each source of mortality was also
combined to assess all flow- or water temperature-related mortality by life stage, as well as
combined for all life stages to assess overall mortal