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Delta Is the
Water Supply
Source for

20 Million
People



SJR DWSC Watershed:

Area: 7,300 mi2

Intense Agriculture:
   Fruits/Nuts
   Row Crops

Diaries, Feedlots, Ducks

2 Million People
   Increasing 2%/yr

SJR Flow Highly Regulated



Characteristics of the Deep Water Ship Channel
(DWSC)

from Jones & Stokes (1998)



SJR DWSC Reach
of Concern Is the
First 15 mi

below Port of
Stockton











At Times, DO in the San Joaquin River Deep Water
Ship Channel Violates Water Quality
Objective/Standard

SJR DWSC Placed on 303(d) List of “Impaired”
Waterbodies

Requires TMDL to Control Oxygen Depletion
below Water Quality Objective by June 2003

Problem



CVRWQCB Organized Stakeholder Process to Develop TMDL for Oxygen
Demand Substances and Allocation of Loads among Municipal
Wastewater/Stormwater Dischargers, Agriculture Runoff/Tail Water,

Dairies, Feedlots, Riparian Wetlands Runoff/Releases

If the Stakeholders Do Not Develop Consensus Allocation of
Responsibility by December 2002, CVRWQCB Will Assign Allocation

of Load Reduction

CALFED Provided $866,000 for Studies in 2000

Applied for $2.5 million/yr for 2 yrs to Conduct the Studies Needed to
Develop TMDL and Allocate Responsibility for Control of Low DO in
DWSC

Total 3-yr Study Effort in Excess of $6 Million

Approach



Issues Report
Discusses the
Issues That Will
Need to Be
Addressed to
Control the Low DO
Problem





Algae as a Source of BOD



Algae & Organic Detritus as Sources
of Oxygen Demand

CO2 + N + P                   algae + O2 + org N  (produces O2)

light (hυ)
photosynthesis

in dark & light  CO2 + H2O + ammonia    (uses O2)

death &
decay

DOC + O2          CO2 + H2O  (uses O2)

NH3 + O2          NO3
-      (uses O2)

organic detritus
(animal & plant remains)

decay

SOD:              + O2 + bacteria           CO2        (uses O2)
(particulate organics)

Some organics
refractory – do
not react

TOC = BOD

dissolved organic carbon

SOD
(sediment oxygen

demand)

O2

sediment suspension
SOD – O2 consumed

sulfate:   SO4
=               S= (sulfide)               S=  + O2                SO4

=  (rapid reaction)    (uses O2)

iron:        Fe3+                Fe2+ (ferrous iron)    Fe2+ + O2              Fe3+  (rapid reaction)     (uses O2)

no O2

no O2

(abiotic)

(abiotic)

respiration

+ bacteria + O2         CO2 + H2O    (uses O2)

ammonia                       nitrate

Org N + O2                    NH3  (uses O2)mineralization



Upstream SJR Diversions
for Southern CA Water
Supplies and Central

Valley Agriculture
Adversely Impact Oxygen
Demand Assimilative

Capacity



Oxygen demand in SJR
above Vernalis that

reaches DWSC
(BOD, NH3, orgN,

chlBOD, oxygen deficit) 

City of Stockton
wastewater discharges

(CBOD, NH3, org N,
chlBOD, oxygen deficit)

Minor local BOD sources
    French Camp Slough
    Manteca
         ag & city drains?       
    others?                     

SJR DWSC

Dissolved Oxygen

below WQO (5 mg/L)

Algae that develop
in DWSC that exert

oxygen demand in DWSC 

DO added reaeration

Mechanical
aeration

Oxygen Demand Export
Export of BOD, algae, NH3
and oxygen deficit from
downstream DWSC at
Turner Cut 

O2 added by
algae

Sediment Oxygen
Demand

(partially incorporated
into USV)

Box Model  of Estimated DO Sources/Sinks in
SJR DWSC August 1999

Oxygen
Demand
Sources

DO Sources/
Oxygen Demand
Export

61,000
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Box Model Calculations of Oxygen Demand
Sources & Sinks for San Joaquin River

Summer/Fall 1999

1,000400150~ 900~ 900SJR DWSC Net Flow (cfs):

???27,00027,000Export from DWSC

?????DWSC Algae

???2,0002,000Aeration(Mech.)

???5,5005,500Aeration(Natural)

6,0006,0006,0006,0006,000SOD

1,7501,7501,750??Local DWSC

12,00012,00012,2009,3005,600City of Stockton

35,32514,1306,30070,00061,000Upstream of Vernalis

OctoberSeptemberAugust

BODu (lbs/day)
Source



SJR DWSC Tidal vs Net Flow



?



Summer Oxygen Demand Loads Control
DO Depletion

Short Hydraulic Residence Time of the DWSC 5 to 30 days for
SJR Flows of 2,000 cfs to 100 cfs

Only Summer Oxygen Demand Loads Important to
Summer/Fall DO Depletion

High Winter-Spring Flows/Loads Flush Through the
DWSC

Stormwater Runoff Not Important Source of BOD



Diversion of SJR Flow Upstream of DWSC Increases
the Hydraulic Residence Time and Reduces the
Oxygen Demand Assimilative Capacity of the DWSC

Flow Diverters Are Responsible Parties in the Low
DO Problem

Conclusion -- Impact of SJR
DWSC Flow on Low DO



Sources/Sinks of Oxygen Demand
in SJR-DWSC Watershed

Turning Basin

Cities
Industry

wastewater

stormwater

groundwater

Farms

groundwater

stormwater

irrigation drains
irrigation diversion

Groundwater
nitrate

wastewater

stormwater

Riparian
Lands

discharges

water

San Joaquin River
& Tributaries

Principal Reactions

BOD+O2                low DO

CO2+N+P                algae

Algae die               BOD

sunlight

San Joaquin River

  Oxygen Demand Components

• organic BOD -- wastewater, land runoff
• ammonia, organic N
• algae/algal nutrients

SJR Deep Water Ship
Channel

Delta N

Dairies, Duck Farms, Feed
Lots & Other Commercial
Animal Facilities



Application of DO Model to Strawman
Analysis

Carl W. Chen and Wanteng Tsai

Systech Engineering, Inc.

February 21, 2001
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Strawman Deep Scenarios
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Strawman Shallow Scenarios



Without the Deep Water Ship Channel, the Low DO
Problem Would Not Occur

The Port of Stockton & Those Who Benefit by the
Port/Channel Should Be Responsible Parties in
Controlling the Low DO Problem

Conclusion on the Impact of
DWSC Depth



Responsibility for SJR DWSC DO Depletion
below Water Quality Objective

Sources of Oxygen Demand

• N P D E S  P ermittees

– Munic ipa l  and Industr ia l  Wastewater  Discharges and
S tormwater Runoff  – Ci ty of Stockton & Other Munic ipal i t ies

– Dair ies and Other Animal  Husbandry Operat ions,  Inc luding
Feed lo ts ,  Hogs ,  Horses ,  C h ickens



Responsibility for SJR DWSC DO Depletion
below Water Quality Objective

Sources of  Oxygen Demand

• Non-Po in t  Runof f /D ischarge o f  Oxygen Demand

– Agricultural Lands, Irr igation Drainage, Stormwater Runoff

– Non-NPDES Permi t ted Urban Stormwater  Runof f

– Ripar ian Lands

• Pol lut ion of G roundwater That Leads to Nitrate Discharge to
Sur face Waters

– Agriculture

– Dair ies & Other Animal Husbandry Act iv i t ies

– Land Disposa l  of  Munic ipa l  Wastewaters

– Urban  Areas



Responsibility for SJR DWSC DO Depletion
below Water Quality Objective

DWSC Geometry

• Por t  o f  S tock ton & Those Who Benef i t  f rom

Commerc i a l  Sh ipp ing  to  Po r t

– Channe l  Dep th  Impacts  Oxygen Demand Ass im i la t i ve
Capac i ty

• Sh ip Traf f i c  That  St i rs  Sed iments  in to  Water  C o l u m n
Tha t  I n c r ea se s  SOD



Responsibility for SJR DWSC DO Depletion
below Water Quality Objective

SJR DWSC F low

• A l l  Ent i t ies  That  D iver t  Water  f rom the SJR above the

D W S C ,  a s  We l l  a s  Those  Tha t  A l t e r  t he  S JR  F l ow
P a ttern through the Delta

– Munic ipal  and Agr icul tura l  Divers ions



Responsibility for SJR DWSC DO Depletion
below Water Quality Objective

Future Urban Development in Watershed

• How W i l l  Fu tu re  Deve l opmen t  i n  t he  S JR  DWSC  B e

C o n t ro l l ed  so  That  the  Inc reased Oxygen Demand
and  Nut r i en t s  Assoc ia ted  w i th  Urban  Deve lopment
W ill N o t C a u s e  F u tu re  Low DO P rob lems  in  the

D W S C ?



Issues in Controlling Algal Biomass
as a Means of

Reducing Algae-Caused  BOD

• Su r p l u s  N  and  P  Compa r ed  to  A l ga l  Needs

• A lga l  B iomass Contro l led by L ight  L imi tat ion

– L a rge  Amoun ts  o f  N  o r  P  Cont ro l  Needed to

L imit  Algae-C a u s e d  B O D

• 30  to  1 00  T ime s  E x c e s s  N  and  P



Available Nutrient Concentration
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Relationship between Nutrient Concentration
and Algal Biomass

Nutrient-Limited Not Nutrient-Limited





Channel Aeration

• L ike ly  Need S e lect ive Aerat ion of
D W S C  to E lim inate A l l  Low-DO
P roblems

– S idestre am  with A ir or 100% O 2

– Fund ing – Who Wi l l  Pay for  It ?

• A ll Respons ib le  Par t ies  ?



Issues That Will Need to B e Addressed

• Expo r t/L o s s  o f  B O D u ,  C B O D ,  N B O D ,  A l g a e , N  a n d  P
be tween  Source  (Land  Runo f f /D i s c ha r ge s )  and  DWSC

• Assess  Add i t i ona l  Oxygen  Demand  and  Nut r i en t  Loads
to S J R  b e tween  Ve rna l i s  and  Channe l  P oint in DW S C

• Impact  of  S J R  F low at  Verna l i s  and in  DW S C  o n
D W S C  D O  D e p l e tion

• Unders tand ing  the  Fac tors  C o n trol l ing the Impacts of
S J R  F low th rough DWS C  o n  D O  D e p let ion below
W Q O ’s



Issues That Will Need to B e Addressed

• Unders tand ing  S ign i f i cance  o f  DWSC DO Excurs ions  be low 5  mg/L  for a
Few Hour s  t o  a  Few Days  on  the  G rowth   Ra tes  o f  F i sh  i n  DWSC

• Assess ing the S ign i f i cance of  DO Dep le t ion be low 6 mg/L in Inhibiting
U p s t ream Ch inook Sa lmon Migrat ion

• C o s t of C o n troll ing N, P ,  NBOD,  and  CBOD f rom Was tewate r ,  S to rmwate r
Runoff, and Irr igat ion Return (Tai l) Water

• Can  a  Re l i ab l e  Oxygen-Demand-Load/DO-Dep le t ion-be low-WQO Mode l  fo r
G i v en  S JR  DWSC  F l ow  Be  Deve l oped  Tha t  Can  Be  U sed  t o  E s t ab l i s h  a
Re l i a b l e  Oxygen  Demand  TMDL?

• How to Best  Manage the Increas ing Urbanizat ion (approx.  2%/yr) of  the SJR
D W S C  W a tershed with Its P o tent ia l l y  Increased Oxygen Demand Load



Conclusions

• San  J oaqu i n  R i v e r  Deep  Wa te r  Sh i p  Channe l  Low  DO
P roblem Is P rimar i l y  Due to  the  D ischarge/R e l ea se  o f

Aquat ic  P lant  Nutr ients  That  Deve lop in to  A lgae That  D ie
and  C onsume  Oxygen  i n  t he  Deep  Wate r  Sh i p  C hanne l

• Oxygen  Demand  Ass im i l a t i ve  Capac i t y  o f  the  San  Joaqu i n
R i ve r  Has  Been  Grea t l y  R educed by Const ruct ion o f  the

D e e p  W a te r  Sh i p  Channe l

• U p s t r eam D i ve r s i ons  o f  S JR  F l ow  Exace rba te  the  DO
Deplet ion P rob lem



Conclusions

• N u trient C o n trol from Agricultural, W e t land, and Other R u r a l
Sou r ce s  W i l l  No t L ike ly  E l im inate  the  A lga l -Re la ted Oxygen
Demand  So  Tha t  V i o l a t ions of  the DO Water  Qual i ty
O b jec t i ves  Do  No t  Occu r

• A  C o m b ination of Ins t ream Aerat ion,  and Nutr ient  and
Oxygen  Demand  Con t r o l  W i l l  Be  Needed  t o  Con t ro l  Low DO
P rob lems

• W ill It B e  P o s s ible to O b ta in  F inanc ia l  Suppor t by W a te r
D iver ters  and Those Who Benef i t  f rom the Ex is tence of  the
Channe l  to  He lp  Pay for  Nut r ient  C o n tro l  and Aerat ion?



Further Information
Consult Website of

Drs.  G.  Fred Lee and Anne Jones-Lee

http://www.gfredlee.com




