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Aeration Facility Performance and Effectiveness

Performance (Efficiency and Capacity)
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Table S 1. Summary of Aeration Facility Efficiency and Capacity

Gas/Water Flow Ratio

1% 2% 3% 4% 5% 6%

Effectiveness (DO Increments in the DWSC)
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Table S 2. Summary of Longitudinal Distribution of Added DO from the Aeration Facility

SJR Mile
DWSC Flow (cfs)

250 500 750 1000

Recommendations for Future Operations
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Introduction

eligible project

History of San Joaquin River Dissolved Oxygen
Total Maximum Daily Load Efforts
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Staff Report for the Total Maximum Daily Load for Low Dissolved
Oxygen in the San Joaquin River



California Department of Water Resources

Stockton Deep Water Ship Channel
Demonstration Dissolved Oxygen Aeration Facility Project

9
December 2010

ICF 00508.10



California Department of Water Resources

Stockton Deep Water Ship Channel
Demonstration Dissolved Oxygen Aeration Facility Project

10
December 2010

ICF 00508.10

Table 1. DO TMDL and Aeration Facility Timeline

Effects of Deep Water Ship Channel Low Dissolved Oxygen on Fish

http://sjrdotmdl.org/concept_model/index.htm
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Total Maximum Daily Load Implementation
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Stockton Regional Wastewater Control Facility Nitrification

Port of Stockton Aeration Facilities (Dock 13)
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Background of the Stockton Deep Water Ship Channel
Demonstration Dissolved Oxygen Aeration Facility Project

Project Funding
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Feasibility Study Alternatives

Evaluation of
Aeration Technology for the Stockton Deep Water Ship Channel
Aeration Technology Feasibility Report for the San Joaquin River Deep Water Ship Channel

San Joaquin River Dissolved Oxygen Aeration Project: Draft Engineering
Feasibility Study

Environmental Analysis and Permitting

Initial Study–Mitigated Negative Declaration
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Biological Assessment



California Department of Water Resources

Stockton Deep Water Ship Channel
Demonstration Dissolved Oxygen Aeration Facility Project

16
December 2010

ICF 00508.10

Basis of Design and Division of Engineering Final Design

Construction
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Table 2. Aeration Facility Design/Construction Elements

Element Description

Site Features
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Aeration Facility Description

Basis of Design Technical Memorandum

Monitoring of Aeration Facility and Deep Water Ship Channel Conditions
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Aeration Facility

Navigation
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Photograph 2

Upstream DWSC DO Monitoring Stations
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RRI Monitoring Station

Approximate
Diffuser Location

Aeration Facility

Navigation
Light 40

Navigation
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Photograph 3

Downstream DWSC DO Monitoring Stations

G
ra

ph
ic

s/
Pr

oj
ec

ts
/0

09
02

.0
8 

St
oc

kt
on

 A
er

at
io

n 
D

em
o 

Fa
ci

lit
y/

20
08

 O
pe

ra
tio

ns
 R

ep
or

t (
01

-1
0)

 S
S





California Department of Water Resources

Stockton Deep Water Ship Channel
Demonstration Dissolved Oxygen Aeration Facility Project

19
December 2010

ICF 00508.10

Previous Deep Water Ship Channel Monitoring and Sampling

a

Deep Water Ship Channel Monitoring Approach
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Goals of the Demonstration Aeration Facility
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Testing and Monitoring Methods

Aeration Facility Testing Procedures

Water Flow, Dissolved Oxygen Concentration, and Gas Supply Measurements
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Aeration Facility Test Conditions
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Tidal Flow and Dissolved Oxygen Concentration Monitoring in the
Deep Water Ship Channel

San Carlos

Tidal Elevation and Tidal Flow Monitoring
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Dissolved Oxygen Concentration Monitoring

Rough and Ready Island Dissolved Oxygen Monitoring Station
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California Department of Water Resources Boat Surveys of
Deep Water Ship Channel Dissolved Oxygen (San Carlos)

San Carlos

University of the Pacific Boat Survey Dissolved Oxygen Profiles
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Stockton Regional Wastewater Control Facility Discharge and River Monitoring
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Evaluation of Testing and Monitoring Results

California
Department of Water Resources Demonstration Dissolved Oxygen Aeration Facility 2008 Operations
Performance Report

Aeration Facility Efficiency and Capacity

Data Analysis Methods

Oxygen gas supply (scf/hr) = 36 x gas/water volume ratio (%) x water flow (cfs) [equation 1]

Oxygen gas supply (lb oxygen/day) = 0.0831 lb/scf x gas flow (scf/hr) x 24 hours/day

= 2 x gas flow (scf/hr) [equation 2]
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Oxygen capacity (lb/day) = 28.317 l/cf x (lb /4.536 x 105 mg) x 86,400 sec/day x DO increment (mg/l) x
water flow (cfs)

= 5.4 x DO increment (mg/l) x water flow (cfs) [equation 3]

Efficiency (%) = 5.4 x DO increment (mg/l) x flow (cfs)/[2 x gas flow (scf/hr)] x 100 [equation 4]

Evaluation of Efficiency Results
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2010 Efficiency and Capacity Testing Results
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Table 4. Results of Testing the Effects of Heated Oxygen Gas on Gas Transfer Efficiency

Gas Flow (scf/hr) Oxygen Temp. (°F)
DO (mg/l) at Ambient
Oxygen Temp. (94°F) DO (mg/l) after Heating
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Aeration Facility Effectiveness Results

San Carlos

San Carlos

Tidal Movement and Mixing of Dissolved Oxygen from the Aeration Facility in
the Deep Water Ship Channel
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California Department of Water Resources San Carlos
Survey Measurements of Dissolved Oxygen in the Deep Water Ship Channel

San Carlos

San Carlos

San Carlos

San Carlos
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San Carlos
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Table 6. Calculated DO Increments in the DWSC with Reaeration for Maximum DO Diffuser Output
of 7,500 lb/day

Flow (cfs) 0 250 500 750 1,000 1,250 1,500

Maximum Possible DO
Increment at Diffuser

(mg/l) na 5.6 2.8 1.9 1.4 1.1 0.9

Location
San Joaquin

Mile
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City of Stockton River Water Quality Data

San Carlos



California Department of Water Resources

Stockton Deep Water Ship Channel
Demonstration Dissolved Oxygen Aeration Facility Project

49
December 2010

ICF 00508.10

Dissolved Oxygen at the Deep Water Ship Channel Monitoring
Stations

DO Monitoring Analysis Methods
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Table 7. Longitudinal Position of DO Data for Low tide Profiles

Station NA 40 NA 42 RRI NA 43 NA 48
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Summary of Natural DO Concentrations in 2007



California Department of Water Resources

Stockton Deep Water Ship Channel
Demonstration Dissolved Oxygen Aeration Facility Project

52
December 2010

ICF 00508.10

Daily Average DO Concentrations at the DWSC DO Monitoring Stations
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Summary of June–September 2008 Dissolved Oxygen Measurements
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Dissolved Oxygen Measurements in September 2009
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Dissolved Oxygen Measurements in October 2009
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Dissolved Oxygen Measurements in August 2010
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Dissolved Oxygen Measurements in September 2010
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University of the Pacific Longitudinal Dissolved Oxygen Profiles in
the Deep Water Ship Channel

Summary of August and September 2008 UOP Longitudinal Surveys
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2009 UOP Longitudinal DO Profiles

San Carlos
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Lateral DWSC DO Surveys in October 2009
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DWR San Carlos Boat Surveys for September and October 2009

San Carlos

San Carlos

2010 UOP Longitudinal Profiles
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DownstreamWedge of Increased DO in the DWSC
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San Carlos

Fish Effects Monitoring and Laboratory Studies

Oxidative Stress in Juvenile Salmon in Response to Elevated Oxygen Levels in the
Stockton Deep Water Ship Channel created by the Discharge of Hyperoxic Waters from a
Demonstration Aeration Facility

in situ



California Department of Water Resources

Stockton Deep Water Ship Channel
Demonstration Dissolved Oxygen Aeration Facility Project

73
December 2010

ICF 00508.10

Cost Estimates for Long Term Aeration Facility Operation

Table 8. Estimated Annual Maintenance Costs

Annual Days of Operation

$/day 0 25 50 75 100
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Conclusions and Recommendations

San Carlos

Aeration Facility Performance Conclusions
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Aeration Facility Effectiveness Conclusions

San Carlos

San Carlos
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Recommendations for Future Operations
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Aeration Facility Operating Strategy
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Long term Monitoring Strategy

Aeration Facility Improvements
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Stockton DWSC Water Quality Monitoring Stations 
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Figure 12a: Measured DO at the DWSC Monitoring Stations in the DWSC during October 2009 
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Figure 13a: Estimated DO Increments at NA 43 (0.2 Mile Upstream) from Aeration Facility Operation for 
October 2009 
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Figure 16c: Estimated DO Increments at NA 42 (0.7 Mile Downstream) from Aeration Facility Operation 
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Figure 17b: Comparison of Estimated Daily Flows in the SJR and DWSC during September 2010 
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Figure 1 Sa: Estimated DO Increments at NA 43 (0.2 Mile Upstream) from Aeration Facility Operation for 
September 2010 
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Figure 18b: Estimated DO Increments at RRI (0.2 Mile Downstream) from Aeration Facility Operation for 
September 2010 

Figure 18 



ICF 
INTERNATIONAL 

10 

9 

8 

7 

e: 6 
trl 

.§. 5 
0 
c 

'a. 

3 

2 

0 

10 

9 

8 

7 

6 

.§. 5 

g 4 

3 

0 

I 

~ 

."'' A al l 'A ~ : lA .. i 1\, j 

II ~)I l/J ell t~11 .II ... Wl 1~11, ~. II I ~ ~I ~ . ~ /V 

IU ~ U'JJ'J~ lf 1·mu ~ ~ II 'I '\l '~ '\'Il l ~l 

~ 'WIU ' u•t tr~ J 

iff[ 11 . , n' rrrr f I Pf lf'f i v ~ ~ I ~ y . ~ ~· 

I I 
I I 

~~ i I I I 
"' lO ~ I I I 

I I fi!JlJt p , I w I I I I I I I 

- DO Increment - Diffuser Operation(1=on) - Natural DO - Measured DO - Elevation - Saturated DO - Aeration Adjusted 
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Figure 18d: Estimated DO Increments at NA 40 {1.6 Miles Downstream) from Aeration Facility Operation 
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Figure 19a: DWSC DO Profile on August 12, 2008 (Prior to Operation) 

42 41 40 39 38 37 36 35 34 

San Joaquin River Mile 

-+-Surface .... Mid Depth ,.._Bottom Depth -*""Saturated DO - Aug12Mid 

Figure 19b: DWSC DO Profile on August 16, 2008 (After 4 Days of Operation) 
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Figure 20a: DWSC DO Profile on August 26, 2008 (Prior to Operation) 
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Figure 20b: DWSC DO Profile on September 5, 2008 (After 10 Days of Operation) 
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Figure 21 a: DWSC DO Profi le on September 1 5, 2008 (Prior to Operation) 
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Figure 21 b: DWSC DO Profile on September 26, 2008 (After 10 Days of Operation) 
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Figure 22a: DWSC DO Profi le at High Tide on September 8, 2009 (After 1 Day of Flood-tide Operation) 
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Figure 22b: DWSC DO Profile at High Tide on September 1 2, 2009 (After 4 Days of Flood-tide Operation) 
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Figure 23a: DWSC DO Profi le at Low Tide on September 21, 2009 (Prior to Operation) 

'-~ 

lA 
""'\ 

L~ .• .,A ~ r·~ ""-~ 
I~ . 
~~ 

~ 
~ 

~ ""'"" ~ l.m ~ 
Cll 

~ 
~-co "' "' N 0 

~ 
·:;;;..,.. Cll ..,. ..,. :::1 ..,. ..,. 

cS: cS: ~a: cS: cS: E 
:::1 z z 0 a: z z 1-

I t-H- 1 I I 

42 41 40 39 38 37 36 35 34 33 32 

San Joaquin River Mile 

-+-Surface _,._Mid Depth -+-Bottom Depth ~Saturated DO - Sept 21 Mid Depth 

Figure 23b: DWSC DO Profile at Low Tide on September 25, 2009 (After 4 Days of Night-time Operation) 
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Figure 24a: DWSC DO Profi le at Low Tide on October 19, 2009 (Prior to Operation) 
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Figure 26a: Lateral DO Concentrations at NA 40 (Mile 36.4) viewed looking downstream 
at Mid-tide at 1 0 a.m. on October 20, 2009 (After 1 Day of Operation) 
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Figure 26b: Lateral DO Concentrations at NA 42 (Mile 37.3) viewed looking downstream 
at Mid-tide at 1 0 a.m. on October 20, 2009 (After 1 Day of Operation) 
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Figure 27a: Lateral DO Concentrations at NA 42 (Mile 37.3) viewed looking downst ream 
at Low Tide at 8 a.m. on October 24, 2009 (After 5 Days of Operation) 
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Figure 27b: Lateral DO Concentrations at NA 43 (0.2 Mile Upstream of the 
Diffuser) viewed looking downstream at Low Tide at 8 a.m. on October 24, 2009 
(After 5 Days of Operation) 
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Figure 28a: lateral DO Concentrations at NA 42 (Mile 37.3) viewed looking downstream 
at Mid-tide at Noon on October 25, 2009 (After 6 Days of Operation) 
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Figure 28b: lateral DO Concentrations at NA 43 (0.2 Mile Upstream of the 
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Figure 29a: Comparison of San Carlos Boat Survey Measured DO and Calculated DO in the DWSC for 
September 2, 2009 (flow of 500 cfs, inflow BOD of 1 0 mg/1 ) 
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Figure 29b: Comparison of San Carlos Boat Survey Measured DO and Calculated DO in t he DWSC for 
September 1 9, 2009 (flow of 500 cfs, inflow BOD of 1 2 mg/1) 
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Figure 30a: Comparison of San Carlos Boat Survey Measured DO and Calculated DO in the DWSC for 
October 2, 2009 (flow of 750 cfs, inflow BOD of 10 mg/1 ) 
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Figure 30b: Comparison of San Carlos Boat Survey Measured DO and Calculated DO in the DWSC for 
October 16, 2009 (flow of 1,000 cfs, inflow BOD of 6 mg/1) 
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Figure 31a: DWSC DO Profi le at Low Tide on July 30,2010 (After 5 Days of One-pump Operation). (Base­
line DO profi le for July 26 was estimated) 
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Figure 31 b: DWSC DO Profile at low Tide on August 16,2010 (After 7 Days of One-pump Operation). 
(Baseline DO profile was measured on August 9) 
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Figure 31 c: DWSC DO Profile at Low Tide on August 19, 201 0 (After 10 Days of One-pump Operation). 
(Basel ine DO profi le was measured on August 9} 

""""' 

J\.. -- .-I 

~ 
tl" ['-'" 

""!!" .:lll'l'l r- - - ol l(.)r 
""' ~ 

~ .• """ ' 
"" 

.. -
:I .. u 

Ql 

~-co t'l\ "' N '--~ .,. <t- :::1--<f -

" ct~ii: " " :I z z 0 a: z z 'l L I H- 1 J 
I I I 

42 41 40 39 38 37 36 35 34 33 32 

San Joaquin River Mile 

-+-Surface .,._Mid Depth ..... Bottom Depth "'*-Saturated DO -l!I-Mid-Depth Sep 7 

Figure 31d: DWSC DO Profile at Low Tide on September 14, 2010 (After 7 Days of One-pump Operat ion}. 
(Basel ine DO profi le was measured on September 7) 
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Figure 32a: DO Concentrations at Downstream Monitoring Stations for August 25 to September 5, 2008 
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Figure 32b: DO Concentrations at Downstream Monitoring Stations for September 1 5-26, 2008 
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Figure 32c: DO Concentrations at Downstream Monitoring Stations for September 19-30,2009 
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Figure 32d: DO Concentrations at Downstream Monitoring Stations for October 18-29, 2009 
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Figure 33a: Oxygen Gas Supply Rates and Gas Transfer Efficiencies for the Aeration Facil ity 
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Figure 33b: Daily Dissolved Oxygen Delivery (lb/day) for the Aeration Facility 
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