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' 3 WATER QUALITY

DSM'2-QUAL is a water quality model based on the Branched Lagrangian Transport
Model, a public domain code written by Harvey E. Jobson and his colleagues at the U.S.
Geological Survey. The main advantages of DSM2-QUAL over the Department's existing
water quality module include:

o DSM'2-QUAL can simulate the transport of multiple constituents i the Delta. In-
ternal kinetic reactions can be incorporated, and the decay or growth of each con-
stituent can be numerically accounted for.

« DSM2-QUAL does not need to know the shape of the cross-section. The model
needs the flow, flow area. and top width. Allthe other parameters are recalculated.

Bodies of water are divided into parcels. The movements of these parcels within the
channels are controlled using the flow data provided in the tide file. The size of these
parcels usually do not change as Jong as they are entirely within one channel. but once they
reach ajunction. incoming parcels are merged and/or split to form new parcels. The model
continues to update the concentration of each of the simulated constituents during each
time step. Dispersion only takes place at the interface between the parcels. However. full
mixing at the junctions is as umed.

The following describes the Delta Modeling Section's efforts to improve and add nev.
features to DSM2-QUAL during the past year. The development of subroutines to model
nonconservative constituents and a preliminary model evaluation are also described.

Hydro File

The original version of BLTM reads hydrodynamic information, provided at every time
step, from an ASCII file. This had several disadvantages, as briefly described in Chapter 2.
The main disadvantage is that the file can be massive for a long-term model run. The other
disadvantage is that the user is forced to use a time step that matched the hydro file. To
change the size of the time step, the user must develop a new hydro file with the matching
time step. n DSM2-QUAL, the user is now free to choose the size of the time step, and all
the values are properly averaged.

Open Water Reservoir

An open water reservoir is currently modeled as a tank of water. The concentration of each
of the constituents is assumed to be constant throughout the reservoir and is updated every
time step. The following describes how the concentration of a conservative constituent is
calculated based on different cases. To illustrate this, a reservoir is considered with two
connecting junctions. Three different cases can be encountered depending on the direction
of the two flow components. Updated concentrations are denoted with primes:
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Case [: Flow Entering the Rescn-oir from Iloth Junctions

| |

Figure 3-1. Channel Schematics for Case 1

]
Vies = Vies + (Q1+Q2)* At

!
Cres 7 Vies "CrestOT*CI* DHQR *C2*1.
i

Yres
where
Yres = Water volume i the reservoir
Cres = Constituent concentration in the reservoir

Q 1Q2 = Flow rate entering the rcservmr
C 12 =Constituent concentration assigned to QI and Q2

tl = time step

Case 2: Flow Entering the Reservoir from One Junction and
Leaving from the Other

()
N

I

Figure 3-2. ChanneU Schematics for Case 2

(-1

(3-2)
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(-:2 : C.’rc (3'3)
Vres = vee + (0r-Q_:z)* | (3-4)
s * * *(q %
rcS= L =10
Cres=Vas*Cw =01 Ceos* t+Q1*CI%6L (3-5)

!
\" res

Case 3: Fl-ow Leaving the Reservoir from Both Junctions

Figure 3-3. Channel Schematics for Case 3

Cp =C (3-6)

Cx = Cres (3-7)
!

Yrwis = Yres- (Q1+Q,)*6t (3-8)

Cres = Cres (3-9)

If the constituent is nonconservative, the growth or decay of the constiruent is first
determined, and a new cyes is computed. From there, the procedure for the conservative
constituent is followed.

Agricultural Diversions and Returns

The original version of BLTM has the option of assigning flows (either inward or outward)
to any grid point within a channel. However, flow estimates for agricultural drainage(Oagl
and diversions (Q,h) are currently provided to DSM?2 at specified junctions by the Delta
Island Consumptive Use (DICU) model. Thus DSM2-QUAL was modified to include this
possibility. Future model enhancements will relax this constraint. The following example
illustrates the impact of agricultural diversions and returns (see Figure 3-4).

5 *
Ci=Cy, = Q*Cp + Q2*Cy + Qag Cag (3-10)
Qi+ Qa+ Qag
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Qags Cag

Figure 34. Impact of Agricultural Drainage on Water Quality

Qs =Q) + Q2+ Qag~ Qeh (3-11)
Equation 3-11 is enforced in DSM2-HYDRO.

Mass Tracking Routine

MTR is a very powerful and useful tool that lees the user keep track and account for all
simulated water quality constituents. First, the amount (or mass, M) of each of the
constituents in the Delta is calculated:

M = Mres + Mdan (3-12)
vher

M:es = The initial constituent mass in the reservoirs a the beginning of
the time step

Mdan = The initial constituent mass i the channels a the beginning of the
time step

Then the mass of each of the constituents inJected by all the incoming flows in one time
step Is calculated. This calculation includes all the rim flows, agricultural returns, and the
flood tide:

Mij = Mrim + Mag + Mfiood (3-13) =
where

Mn = The constituent mass injected by incoming flows

Mnm = The constituent mass injected by rim flows

Mag = The constituent mass injected by agricultural rerums

Mn000 = The constituent mass injected by the flood tide

Next, the mass of each of the constituents released by outgoing flows in one time step is =
calculated. This calculation includes all the exports. channel diversions. and the ebb tide:

Moy = Mcxpon + Mep + Mepp (3-14)

where
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\l,,; = The con-tltuent rnas remo\ed by ourgomg now;;
\1c,ppn= Thl' 011tit112nt m.I\ rcmon:d by L';ports
M1l = The constituent mas removed by channel diversions

Aldh = The con lituent Mass removed by the ebb tide

In addition to tht physical transport of the consrituents. there can be kinetic reactions
among the noncon ervative constituents. resulting in internal growth or decay. For each of
the nonconservative constHuents. lhe amount of growth (M,.rowth) or decay (Mdec,v) is
calculated for the entire Delta. -

The amount of constituents & the end of the time-stcp can then ke determined using the
above components:

‘
M =M + M5 - Moy + Merowth ~ Mdecay (3-15)

The above value can ke compared against the calculated amount of constituents left in the
Della. See Equation 3-12.

1

M = i\\lc, + I\/Iclhar. (3-16)

The results of Equation (3-15) should ke exactly equal to Equation (3-16). If all the
calculations abo\:e are done corTecrly, and the results differ. the reason can be allributed ©
one of two factors.

e Incorrect formulation. Mass is being lost or gained without being properly ac-
counted for-an rndlcauon that there is probably a naw (which needs 10 ke fixed)
in the program.

Round off error. Tens of thousands of calculations are needed to obtain the results
of equal ions (3-15) and (3-16)- Some of the parameters in the above equations are
the results of DSM2-HYDRO simulations, which in cum require hundreds of thou-
sands of calculations. Computers can store numbers with a limited precision. The
loss of precision may ke insignificant for a given number but may in fact become
significant after numerous accumulations.

One use of the M TR is to check for the problems just described. Many problems have been
detected and corrected using this routine. MTR aided in the development of the reservoir
routine and accounting for agricultural drainages and channel diversions. Due t the very
complex network representing the Delta and other complicated problems such as flow
reversals, it would be very easy to overlook all the possible scenarios and events.

MTR detected a flaw in the original BLTM formulation. The problem was in a part of the
code where it was combining two small parcels of water INtO one, Under certain condi-
tions, the smallest parcel in a channel simply disappeared. Without the aid of MTR, it
would have been almost impossible to detect this problem.

The most imponant application of MTR is probably its use as an investigative tool. In a
hypothetical study, a dye can ke injected in a certain location. and M TR can monitor how.
the dye is spreading. For every time step, MTR reports (in terms of percentages) the
amount of the dye in the Delta channels and reservoirs, the amount which has left the Delta
from each outlet location, and, in case of nonconservative constituents, the amount of
growth or decay. This information can help evaluate the impact of various sources on the

3-5
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\ ;Her qu:dHy & i p::inicular location. MTR 1s .1lso robust enough o !ha\ it can ke e;\lly
modified to focus on a particular location and extract all the desired information In
cS.\crice. MTR ciit funcuon like a particle tracking model, but & work!; on . homogeneous
70 lu lion rather than mdi\'\Cual particles.

Round-Off Error on Continuity at a Junction

As mentioned before. hydrodynamic mformation is averaged over a specified 1lme interval
inside DSM2-HYDRO. This model enforces continuity al every junction. that 15 the sum
of the flows entering the junction must equal the sum of the flows Icavrng the junction.
Due to the extra calculations performed during the averaging and the limited precision.
there can be small imbalances. thus anificially creating or removing mass from the system.
The amount of this imbalance may seem infinitesimally small; however, it can add up to a
significant amount when accumulated over all the junctions and over time. The amount of
this error can polenrially grow larger with larger time intervals used in the tide file This
problem \\as detected using :v1TR.

The following describes a possible remedy, which is currently implemented m DS'\1-
QUA LFigure 3-5 1Huslrates aJunction with three connecting channels. The nows Q1, Q2,
and Q3 are read from the hydro file.

Figure 3-5. Schematics of a Typical Junction Before Flow Corrections

Contmmty requires that:
Qi +Q2-Q3=0 (3-17)

However. due o possible round off error, in general there is a small imbalance (E). The
idea is to distribule this imbalance to the connecting channels. One idea is simply © divide
this error equally among the three channels. However, this simple division is not recom-
mended since a nonz.ero now can result in a channel with a barrier. A superior approach is
ro divide this imbalance in proponion to the absolute magnitude of the flows in the three
channels:

i



Water Duality

k= =Qi1+0Q A s1
YO =(n +ial +Qu n-191
g - = Qe LQQI n-20i
Qr Q- = ;(;Qzl 3-21)
Q = Q- E Zézl (3-22)

where lhe .superscript C indicate\ the corrected value

The following example illu<:.1rales the applicauon of the correcuon techniqut: dc\cnhcd
above, assuming Q1=1000. ct\. Q2=2000. cfs. andJ Q,=2999.99904 cfs.

Error m continuity from Equation 3-\8&
E = 1000. + 2000. - 2999.99994 = 0.00006 cfs
Sum of :ill the flows from Equ:ition 3-19:
Q= 1000. + 2000. + 2999.99994 = 5999 99994 cf\

Thus the corrected values arc:

Qlc = 1000. - 0JJO006 " 1000./5999.99994 = 999.99999 cfs
@ =2000. -0.00006 * 2000./5999.99994 = 1999.99998 cfs

CBC = 2999.99994 + 0.00006 * 3000./5999.99994 = 2999.99997 cfs

After correction:
C C C
Qr +Q ~Q3=0

Therefore, continuity is exactly satisfied. It can be shown that in case of a barrier. the
maghitude of the correction would also be zero, thus maintaining the status of the barrier.

Nonconservative Kinetics

New subroutines for modeling nonconservative constituents in the Delta have been
completed. These routines are structured in modular form so that they are easy ©
understand and can be extended to simulate additional constituents with minimum change
in existing routines, if such needs arise in the future. Flexibility has been built into the
model so that any combination (one, a few, or all) of the variable.scan be modeled as
suited © the needs of the user. The mode!, in its present form, can simulate the following
variables:

37
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I.  Temperature

(B

Blochemilcal oxygen demand (BOD)

D1c,olved oxygen

e

Organic nitrogen

Ammonia nitrogen

l'itnte nitrogen

Nitrate nitrogen

Organic phospliorus

Dissolved (inorganic) phosphorus

Algae (phytoplankton)

BE B o o v o

Arbitrary conservative or nonconservative constituent.

Refer to the Fifteenth Annual Progress Repoli, 1994, for a description of the mathematical
relationships that describe the constituent reactions and interactions. The interactiom
among water quality constituents are shown in Figure 3-6. A few important relallonshlp
that were not detailed in the 1994 report are described below. Subroutines are described
briefly later Inthis section.

Dissolved Oxygen Saturated Concentration

The solubility of dissolved oxygen in water decreases with increasing temperature and
salinity. Among about half a dozen or so expressions for DO saturation concentration as a
function of temperature reported in the literature, the following algorithm recommended by
American Public Halth Association (1985) and rated the best by Bowie & al. (1985), was
coded in the model:

h 0,f=-139344 11+ 1.575701*105 - 6.642308* |07 + 1.24380* 1010 - 8.621949* 101! (3-23)

T T2 yJ T4

where 0,f is the "freshwater" DO saturation concentration in mg/Lat | atm and Tis
temperature in °K. The effect of salinity on DO saturation is incorporated as shown below-
(APHA 1985):

h 0-s = In O,f- S* - 7674* 10-2 - 1.0754* 10 + 2.1407* 103 (3-24)
T T? !

where 055 is the "saline water" DO saturation concentration n mg/Lat 1atm and S is
salinity in ppt. The effect of barometric pressure on DO saturation is o increase the
saturation value and is expressed as:

0. =0.p L(Pwr)]U- o) :
s L)1) -

where 05 is the DO saturation at pressure Pin mg/L, Pis the nonstandard pressure in alm.
Pwy is the partial pressure of water vapor in atm calculated from:




-

Ih Pv-- = 11.'b57 | - 3840.70 - 21696 |

s = (3-252a)
i) = 0.000975 - 1,426%J0-"""t + 6.436*JO-R*t?2 (3-25b)
( = temperature in °C =T - 273.150 (3-25¢)

Atmospheric Reaeration

Reaeratton. a process by which oxygen is exchanged between the atmosphere and a water
body. Is one of the main <jourcc.s of o-xygen in aquatic systems. The transfer rate of oxygen
from air to water may be represented by:

— B : . o e
Heat exchange

| Atmospheric reaeration
i

Air-water interface T
o _——

'

I j” . ———-—\ :
' Organic-N b
| LA |
B ¢ S
T e S ;
._J_'..-_BFS—-- 0
. NH3 L CBOD
i \. J Vv
—-— E
i .. A ) D ot e
NO2 0 Organic-P I
x .

L y '-——/ ]
| =t § = | |
| [, B | E ————

I - NO3 W Dissolved-P ‘
| =
R
1J_1:\ BS
G i G

TRANSFORLt.iiATION PROCESSES:

e = Bacterial decay P = Photosynthesis BS= Bertthic source
G = Growth S =Settling
R =Respiration BO= Benthic demand

Note: Rates of mass transfer shown by === are functions of temperature.

Vallpl# G poeeis
1E1F G el
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dl(iill =1y (0 - 0) n-26i

\'ac 0 :md O arc the oxygen concenlrntions & saiuration and oxygen concentrations of
the water bcidy, respectively, and k2 is the reaeration coefficient. The oxygen tran,fcr
coel'flcicnt i natural waters depends on (Thomann and Mueller, 1987 and Gromiec, 1989):

e temperature

e internal mixing and turbulence
e mixing due to wind

e waterfalls, dams, rapids

e surface active reagents

Numerous equations are available for predicting reaeration coefficients, giving a wide
range of predicted values for specific hydraulic cond,itions (Rathbun, 1977). Revlew of
predictive models for reaeration coefficien.1 can ke found in Bowie e al. (1985). Rathbun
(1977) and Gromiec (1989). For tidal rivers and estuaries, one of the most widely applied
models is the O'Connor-Dobhins equation. This equation, adapted for the present wacer
quality model, is described below. A more derailed discussion of alternative reaeration rate
fom1ulations, including a list of references. i provided by Rajbhandari {1995)

0' Conner and Dobbins' (1956) equations we re based on their analysis of reaerat ion.
mechanisms that considered the rate of surface renewal through internal turbulence. They
recommended the following equation for the reaeration coefficient for moderately deep to
deep channels (approximately between | ft 10 30 ft. deep) and veloclues hetween OS ft/s
and | .6 ft/s:

k> (20°C) = (Dpu) 954713 0-27)

where D, is the molecular diffusion coefficient. L2ff The above equation is often
expressed as:

k2 (200C)= 129 u os d-15 : (3-28)

where U is the mean velocity (ft/s) and dis the average stream depth (ft). The effect of
temperature on the reaeration coefficient is represented by:

Rt C)=k(20C)(0)a-D (3-29)

The numerical value of e depends on the mixing conditions of the water body. Reponed
values range from 1.008 o 1.047 (Bowie et a!, 1985). In practice a value of 1.024 is often

used (Thomann and Mueller, 1987, Gromiec, 1989 etc.) which has been adopted for the
model.
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Subroutines

Figure 3- 7 rs preét:nted to highlight the main processes involved in the dynamic simulation

of water q:..iality i:i the Delta.

A bneJ description of the newly developed subroutines is

provided below. Figures are included for a few rouunes to illustrate qthe main processes.

|2

“Figure 3-7. Flow Chart for the Dynamic Simulation

Hydrodynamic. Simulation using an
appropriate now model

Solves the continuity and momentum equations to describe

the hydrodynamics of the syscem. ¢ files describing the

nerworik geometry and de hydrologic infonnaoon serve &
input.

Simulatfon of Water QualHy Variables

Discharge and water surface elevation a.ld widlh from the
hydrodynamic simulation are input to the transporl model.
Meteorology data. and the water qu.aliry flux al the ooundaric:s
are input to the IlOdcl. The Lagrangian equations are solvo:i

for all water quality variables. The soui:tt and sink terms arc 1

evaluated. Inreractions among constiruenis are accounted for
a &H times. !

Processes:

| . Advccrion
‘2. Dispc@ion
1). Decay and growth

Model Output

Spacial and temporal values of
constituent concentrations

.

Posrproccssing of simulaaon
@ults: longitudinal profiles
and diurnal ploo

of Water Quality Variables b the Delta
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KINTT!CS

CALSCSK

HEAT

The main (unction of this subroutine i to update constituent con-
centrations a each time step. It is called by BLTM's parcel
tr:icking subroutine (ROUTE) for every parcel a each time step.
The flowchart (Figure 3-8) shows the logic of the subroutine. It
has also been extended io simulate kinetics in 'reservoirs' in the
Delta.

This subroutine builds a source/sink matnx for each constituent by
calling each constituent subroutine. Individual constituent routines
are listed in Figure 3-9. Flowcharts for three principal constituents
(DO, algae. temperature) are presented in Figures 3-10 through
3-12 for illustrative purposes.

Subroutine HEAT has been adapted from the USEPA QUALZ2E
model (Brown and Barnwell, 1987) wiCh some restructuring. This
version computes the net shon wave solar radiation

| KINETIC '

e g
Call LOC
Groups channe b ac::on:ling to locarion
\.
v

Sci limit an change in concenrrarion
(C) per ome step and per iceranon

Reaction step (dr-react)
= rime remaining for move nt  (dt-rem)

Call CALSCSK
Conscruccs soorai/sinlr:: matrix

for each consril.ueru

v

Predicr consrinxnc conccin rratioru
using Euler e:stimate

v

Call CALSCSK
Updates soun::c/sink maou

v

Update o:mtirueru coocc:mratioo s
using Modificd Euler method

Figure 3-8. Flow Chart for Subroutine KINETIC
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and the long wa\'e atmospheric radiation once every
hour (Figure -1 3i

MET A call galernent to this subroutine (for every hour)
,vas added lo the main BLTM routine. Meteorology
data read by this subroutine are used in computation
of heat components as shown in Figure 3-13.

RATE Physic;:ii. chemical and biological rate coefficients arc

read 111this subroutine. Some of these coefficients are
constant throughout the system; some vary by loca-
tion; and some are temperature-dependent. A list of
these coefficients, including their ranges, is provided
in Table 31 (Brown and |3armvcll, 1987). Tempera-

ture coefficients used in the model are listed in Table 3-2.

A
> Y
i
ETRe I Call CALSCSK

Count number of times
lhis Icop is emered

Update C again
using Modified Euler

Il may be
necessary
1 reduce
reaction

time srcp

S

% change in C from
last update > tol

Reduce dt-n:ro by dt-react

Figure 3-8 (continued)
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LOC This subroutine groups channels by their number or location. o
The grouping allows the input of spatially varying rate coeffi-

cients in the model.

( CALSCSK }

—

‘ Jni tialize source/sin  array ] !

=

" Cill CALARB |

™ Call CALBOD

_——’1‘ Call CALDO

»  Call CALNO2 i

e—® Cill CALN®3

< » Gl CALPM4

| _Cil CALPo:

e ' Call CALORGN _

Cal CAINH3 ‘

CaU CAL1ALG

Call CALTEMP

Figure 3-9. Flow Chart for Subroutine

CALSCSK
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[ |

1s Temperature
simulated ?

Temperature = 20 C

Compute 0 O saruratiOrl

& sl Include effea of
. Sf ;d" saliniry n 00
simulated. saruration
|
i Include effect of pressure an
| DO sarurarion
; NOie: 00 used n |
‘ ¥ oxidanon of ammonia & {1
; nitrite nicrogens and algal
Compute reaerarion rate nzsplration and DO
produced by
v phoms ynthesis arc
Come benthic oxygen computed in the
demand rau 1vc subroutines.
Is temperarure Comecr rues for
simulated ? tempesraturc
N
Cong"™ " ® o
1
;2”’(]

Figure 31 O Flow Chart for Subroutine CALDO
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Ty

Calculate nitJOgen and phosphorus factor

”

CalouLau dgal growth limitarion faaor
for lighL Account for self shading effects

v

CompUTe algal goWh using light faaor
and limiting num nt concept

¥

Compute loss due to respiration and loss
due to senlin,s

Is iemperanire
simulated ?

Correet rates for
(cmperanimre

N

Compute rue of change i algal biomass

v

Compute the effea of algae on
so,iro:/rin.k: terms of nitrogen and
phosphorus series and DO

Figure 3-11. Flow Chart for Subroutine CALALG

(algae)



Water Ouatilv

Conven wacer temperarure from
Celsius o English units

T

Compute Jong wave radiation
eminc:d by WalCf

v

Compute evaporative hear transfer

v

Compute conductive heat o-ansfer

v

Compute net heat flux from all
sources including absorbed radiation

T 4

Rate of change in tc:mperarurc = net
radiarion/(depth *density* heat capacity)

Figure 3-12. Flow Chart for Subroutine CALTEMP
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HEAT

Calculate seasonal and dally
pos,11on of the sun rdacive to
the location on eanh

v

Calcul.lle 'he siandard time
of sunrise and sunset

Incrcrnenr the variables ha define lhe
beginning and the end of each hour

v

Compuie vapor prcssun:s. dew point
and dampening effca of clouds

v

Compule amount of clear sky. solar
rarliacion, and altitude of the sun

L e

Compute absorpnon and scattering
due 10 aonosphaic conditions

v

Comu le rtflectiviry QOficient

v

Compucc acmosphtric iransmission

v

Compute hon wave solar radia.ion
absorbed in 1 hour

v

Compu,c long wave aimosphenc
rad! aaon absorted in | hour

(=)
iy

n:ui meteorology input:

cloud cover

| atr temperature
wetbulb tempcrarure
wind speed

atmospheric pressure

'

Call hear

Rerum

Figure 3-13. Flow Chart for Subroutine HEAT
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alph(5)
alph(6)
prefn

alph(7)
alph(1)
alph(2)
alph(3)
alph(4)

k.1ght half
knic_half
kpho half

xlamO
xlaml
xlam2

Table 3-1. Typical Ranges for Reaction Coefficients

oxygen used in conversion of ammonia to nitrite
oxygen used in conversion of nitrite to nitrate
algal preference factor for ammonia

chlorophyll-a to biomass ratio

fraction of algal biomass which is nitrogen
fraction of algal biomass which is phosphorus
oxygen produced in photosynthesis

oxygen consumed with respiration

half saturation constant for Light
half saturation constant for nitrogen
half saturation constant for phosphorus

non-algal light extinction coefficient
linear algal self shading coefficient
nonlinear algal self shading coefficient

. Global coefficent values. Variable names shown are the same as used in lhe FORTRAN code.

3.0 -4.0
1.0-1.14
0-10

10 - 100
0.07 - 0.09
0.01 - 0.02
14 - 48
1.6-2.3

0.02 -0.10
0.01 -0.30
0.001 - 0.05

variable
0.002 - 0.02
0.0165

Location dependent coefficient values. Variable names shown below are the same as used
n the text of the 1994 Annual Report. These coefficients are described by the array rcoef
in the FORTRAN code.

kl
k3

k4

karb

s6

s7
rmumax
resp

sl

k.n-org
s4

kni
kp-org
s5

s2

Note: rates are in units per day except when specified.

BOD decay rate
BOD settling rate

benthic source rate for DO

decay rate for arbitrary non-cons. constituent

settling rate for arbitrary non-cons. constituent
benthic source rate for arbitrary non-cons. constituent

maximum algal growth rate

algal respiration rate
algal settling rate

organic nitrogen decay rate
organic nitrogen settling rate

ammonia decay rate

benthic source rate for ammonia

nitrite decay rate

organic phosphorus decay rate
organic phosphorus settling rate
benthic source rate for dissolved P

0.02 - 34
-0.36 - 0.36

variable

variable
variable
variable

10 - 3.0
0.05 - 05
0.5 -6.0

0.02 - 04
0.001 - Ol

01. 10

variable
02-20
0.01 -0.7

0.001-0.1
variable

3-19
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Table 3-2. Temperature Coefficients for Reaction Rates

Consti(Ue:H Reaction type Temperature Variable
coefficient (FORTRAN)
BOD decay 1.047 thet(1)
settling 1.024 thel(2)
1X) reaerat:ion 1.024 thel(3)
benthic demand t.060 thet(4)
ORGANIC-N decay 1.047 thet(5)
settling 1.024 thet(6)
AWVIMONIA-N decay 1.083 thet(7)
benthic source 1.074 thet(8)
NITRITE-N decay 1.047 thet(9)
ORGANIC-P decay 1.047 thet(1O)
settling 1.024 thet(1 1)
DISSOLVED-P benthic source 1.074 thet(12)
ALGAE growth 1.047 thet(13)
respiration 1.047 thet(14)
settling 1.024 thec(15)

[
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Preliminary Mod,e/ Evaluation

1\ pre lilmnary e, alu:itim of the exienckd BLT ! model wa. conducted by applying the
model to the Delia. 1l1i; section describes the earlier stages of calibration and verification
(slrc--speciftc) i the region including the Stockton Ship Channel. Figure 3-14 shows water
quality monitonng stations in the San Joaquin River in the vionity of Stockton, both
U[JStream and downstream of the city\ waste water discharge.

The un-ey periods September 20, 1983 and October 12, 1988 were chosen for model

calibration and verification because of the unique hydrodynamic conditions prevailing in
these periods and availability of water quality data. The unique hydrodynamic conditions
were due in part to placement of a rock barrier at the head of Old River during the period
September 22-28. The barrier causes more water to Oow downstream in the San Joaquin
Rl\'er toward Stockton arid less mto Old River toward Clifton Courl. Modeling of the tvio

jg:#\\_\.\ 2_,(\(—?% G « Stockton MUD stations ; I
! (5 % \ /_)/J Channel numbers closest |
L FTE = |

to stations are shown

Middle River

T
Old River(y’

z

00
=
25
-
A4
O

Figure 3-14. Monitoring Stations in San Joaquin River Near Stockton
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,ccl\,Lrin pro, 1dc 1ntcresling. altem:iuvec; of local hydrology and hydraulic h'h.1\ nr
Ud n Liun_:cs baed on ,bily flow configur.111ons .ind water quality

Model Input

Hydrology. A,-erage daily tlows reponed in DWR DayOow Data Summ:iry for 1988 were
u)cd for the San Joaquin. Sacramento and Mokelumne River inOows and he State Water
Project (SWP), Central Valley Project (CVP) and the Contra Costa Water District (CCWD)
"irhdrav.als. Efnuent tlows from the City of Stockton waste water treatment plant were
Obtained from the monthly laboratory data file of the Stockton Municipal Utilities District
(Huber, pers comm., 1995). Clifton Court intake gate (opening and closing) schedules
were obwined from the monthly operation report (DWR, 1988). Agricultural withdrawals
and return Oows. which are also input to the model, were based on the Department of
Water Resource,- monthly estimates. Hydrologic and hydrodynamic data for both

,irnulauon periods are presented in Table 3-3.

ivater Quality. Smee water qualily grab sample data were collected only & a frequency of
one or two 5amples per month near model boundaries in the San Joaquin and Sacramento
Rin:r,. :ind al Martinez. observations closest 1o the simulated dates were used. These data
were extracted from the Water Quality Surveillance Program report (DWR, 1990). Data for
Freepon on the Sacramento River and for the Mokelumne River were derived from Water
Resource, Data (USGS. 1989. 1990). Stockton effluent data. available & daily or weekly
intcn-als. were ako input 10 the model (Huber. pers. comm., 1995). Chlorophyll-a and
orthophosphate data for the months of September and October were available from efflucnc
monitoring on a monthly basl only for 1989: so these values were med for the presern
simulations All input data, including some al selected locations in the Delta. are listed in
Table, -3 through 3-7. Figure 3-15 shows the locations of these monitoring stattons in the
Delw

To allow representation of diurnal values, whenever possible, hourly averaged concentra-
liom of DO. TDS and temperature were assigned for the boundary & Martinez. Since such
detailed data were not available a Vernalis. hourly averaged values of DO, TDS, and
temperature available from {he nearby station at Mossdale were used as approximate
representallons of these quantities for Vernalis. Hourly averaged data provided for the

i mulauon period are shown in Figures 3- 16 and 3-1 7. Figure 3-1 8 is included t show the
trend of field data & Rough and Ready Island, near Stockton. No such approximations could be
made for the Sacramento River, since no continuously monitored stations were situated
near this boundary. Qualities of all eleven constituents included in the model, as with the
eight constituents applied at other boundaries, were kept constant for the effective
simulation period (25 hours).

Agricultural return water quality was based on an estimate using 1964 data (DWR, 1967).
Flow weighted averages of nitrogen and phosphorous concentrations were computed using
data from thirteen sampling stations in the Delta. Estimates for DO, temperature and TDS
concentrations were obtained by averaging the values corresponding to three sub-regions
in the Delta for the particular months simulated (MWQI Data Request, 1995). These
subregions were classified according to the distribution of dissolved organic carbon in the
Delta. Since data on chlorophyll-a was not available, it was set o a value corresponding o
an average for the Sacramento and San Joaquin rivers during the period of simulation.

Hourly meteorological conditions for September 20 and October 18 of 1988 were
generaled from climatological data a Sacramento Executive Airport (NOAA, 1988)
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Figure 3- 5. Selected Monitoring Stations In
the Sacramento-San Joaquin Delta

Scenario 1: Calibration of The Model

Hydrodynamics. This scenario represents conditions corresponding to September 20, 1988,
when there was no barrier at the head of Old River. The actual tide at the Martinez
boundary was adjusted so as to repeat each 25 hours. With this tide imposed at the
seaward boundary and using the freshwater inflows presented in Table 3-3, the DWRDSM
hydrodynamics model was run until a state of hydrodynamic equilibrium was achieved.

Upon examination, che computed stages compared reasonably well & locations near
Stockton. The flow split (daily mean) at the head of Old River was close b that actually
observed dunng <e rime period simulated. Model results showed 83 percent now into Old
River with only 17 percent (260 cfs) passing downstream in the San Joaquin River (Figure
3-19). Figures 3-20 and 3-2 | are included to show the variation of channel widths and
depths in the river.
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Table 3-3. Hydrology Used h Model Callbration and Verification

Inflow/Export Discharge (cfs) Discharge (cfs)
Sep 20,1988 Oct 12,1988

Sacramento River 11700 11100

San Joaquin Rjver 1610 1050

Mokel umne River 29 30

State Water Project expon 2383 4388

CVP export 4610 4407

Contra Costa Canal expon 221 214

Stockton City Effluent 31.6 23.6

Consumptive Use 2048 1260

Net Delta Outflow (compULed) 4108 1934

Water Quality. Site-specific calibration of the water quality model was focused on the
region of San Joaquin River near the Stockton Ship Channel where relatively more water
quality data were available. Using this region for model calibration also provided some
unigue opportunities t examine the local effects of Stockton's wastewater effluent and the
unique hydrodynamic conditions due to the placement of the Old River barrier. Initially, all
rate coefficients were set o intermediate values in the ranges suggested in the QUAL2E
manual(Brown and Barnwell, 1987), or they were set based on previous modeling
expenences in the Delta and other similar estuarine systems (Rajbhandan and Orlob, 1990.
Smith D.1.,1988, Hydroqual, 1985). Detailed discussions on the sources of data. ranges
and their reliabilities are given in Bowie & al (1985).

Calibration started with comparison of diurnal variations of computed temperature wirh
observed (hourly averaged) data & Rough and Ready Island near Stockton (Channel 20).
Adjustments of dusc attenuation and evaporation coefficients were made until a reasonable
agreement between the temperature patterns was obtained. These coefficients affect warer
tcmperalures by increasing or decreasing net shortwave solar radiation input and heat
energy losses due to evaporation, respectively. The selected values were within the range
suggested in the literature (Brown and Barnwell, 1987, TVA, 1972).

Dissolved oxygen is the most important parameter of interest in the current study,
consequently it was the primary constituent to be calibrated. DO was generally observed
be & depressed levels, well below saturation, in the Stockton Ship Channel near the wasce
water outfall (DWR, 1990).

Calibration for DO involves a trade off between the rates of reaeration and benthic oxygen
demand (SOD). Other processes such as photosynthetic oxygen production and chemical-
blochemical oxidation also affect oxygen balance but have comparatively minor influences
on DO balance in this case. Either or both of these dominant processes (reaeration and
benihic demand) may be adlusted to achieve acceptable calibration. The O'Connor-Dob-
bins reaeration equallon was coded in the model (Thomann and Mueller, 1987). It
computes reaeration rates based on instantaneous channel velocity and the depth of water
derived from hydrodynamic simulation. A minimum rate (as a function of depth) of 3
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Table 3-4. Water Quality (Field Data D at the Model Boundary
ﬁ September 988 Simulation

FI SacramcnlO  San Joaquin ~ Suisun Bay =~ Mokclumnc  Agncultural . Slockton
River al River at near River at Return City
Green's L Vema.Es Martinez Woocfuridge Effluent
(C3) (CIO) or (06)
or Freeport ~ Mossda.le2
(€7
Date/Time Sep 15/0815  Scpl6/0950 Sep2l/1255 Sep 14/1120
Sep 131 130f
ms 139 f hourly hourly 63 1030 900
(450-480) (16k-21 k)
00 80 f hourly 79 87 (97% Sat) s.1 53
(7-8)
Organic N 05 f 03 0.3 0.2 14 2.5
NH3-N 0.2 00l 0.02 0.03 031 14.0
NO02-+NO03 0.09 1.30 0.37 0.09
NO02 0.01 e 0.13 e 004 e 0.01 0.02 1.46
NO3 0.08 e J17 ¢ 033 ¢ 0.08 13 1.19
Organic P 003 b 0.11 007 b 0.04 0.09
(estimate)
Ortho-P04 01 b 0.12¢ 015 b 0.02 0.40 0.66 a
Chlorophyll-a 03 19.1 0.2 03 10.0 140 a
gl '
Temperature °C 20 hourly hourly 215 196 20.0
- (18-19) (18.5-19.5)
BOD 39 11.0
il a = W/20/89
b = ((D/01/88
& =  estimate
f = Free)Xlrt 09/13/88
¥ = 09/02/88

I'Note: Al units are in mg/l except when noted. Organic phosphorus was obtained. by subtracting onho-
P04 from total phosphorus. Dissolved nitrite and nitrate were obtained by subdividing thetr known !Dtal
into 10 and 90 percent values. Hourly data are also shown by plots (Figures 3-16, 3-17).

2 Mossdale data were used as hourly data for the model boundary at Vemalis.

3-25



A'lm;a/ Pro;;;ess Repor. lo 'he S:ale \\iarer Resources Control Board ﬂ

Table 3-5. Water Quality (Field Data') at the Model Boundary

October 1988 Simulation .
Sacramento  San Joaquin  Suisun Bay  Agricultural  Stockton oy
River at River at near Martinez Return City
Green's Vemalis (D6) Effluent
Landing (C3) (ClO)or
or Mossdale?
Freepon (C7)
Dare/firne Oct 17/0955 Oct 18/1210 Oct 5/1300
Oct 18/1100(
IDS %f hourly hourly 807 1004
(498-536) (J 4500-23800)
DO 89 f hourly hourly 5.3 6.2
(96% Sat) (7.2-8) (7 .8-8.3)
Organic N 0.2 0.3 0.3 1.4 3.8
NH3-N 0.51 0.00 0.01 031 21.4
NO2+NO3 0.09 1.10 0.34 =
NO2 001 e 0.10 0.03 e 0.02 0.26
NO3 0.08 C 10 C 031 e 13 0.7
Organic P 0.03 0.11 0.18 0.09
Ortho-P04 0.18 0.1 006 0.40 2.94a
Chlorophyll-a ug/] 0.9 27.6 0.1 10.0 2¢a
Temperature* C 19 hourly hourly 173 190

(18.8-19.6) (17.7-18.7)

BOD 6.0 8.0
a = 10/25/89
e = estimate
f = Freeport

I'Note: All uniis are in mg/l except when noted. Organic phosphorus was obi.ained by subtracling ortho-
P04 from lotal phosphorus. Dissolved nitrite and nio-ate were obi.ained by subdividing their known ftotal
into 10 and 90 percent vaJues. Hourly data are also shown by plots (Figures 3-16, 3-17).

2 Mossdale data were used as hourly data for the model boundary at Vemalis.
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Table 3-6. Water Quality (Field Datal) at Selected Delta Locations
Sep ember 1988 Simu latlon

—_—

Old R. at Middle R Sac R below Grizz]y Bay

Tracy Road at Union Rio Vista at
Bridge Point Bridge Dolphin (D7)
(P12) (PIOA) (D24)

Date/fime Sep 16/1135 Sep 15/1100 Sep 20/1420  Sep 20/1025
Tide LH IH LH LH
IDS 527* 257 b 178 () 13500 (+)
I1X) 8.6 1.1 8.3 8.1
Organic N 0.3 0.1 0.4 0.3
NH3-N 0.03 0.04 0.1 0.01
NO2 (estimate) 0.12 0.02 0.03 0.04
NO02+NO03 1.20 0.21 0.27 0.40
NO3 (estimate) 1.08 0.19 0.24 0.36
Organic P (estimate) 0.10* 0.03 b 0.03(+) 0.10
Onho-P04 0.14* 0.08 b 0.11(+) 0.18 (4
Chlorophyll-a mg/l 26 2.4 2.1 L2
Temperature °c 20 21 20 18 oC
BOD

b = 09/1/88 data

¥ = 09/2/88 data

(+) = 09/6/88 data

1 Note: All units are In mg/l except when noled. Organic phosphorus was obtained by subtracting Onho-
P04 from Lotal pPhosphorus. pissolved nitrite and nitrate were obtained by subdividing their known total
imo 10 and 90 percent values.

RIS
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Table 3-7. Water Quality (Field Data') at Selected Delta Locations
October 1988 Simulation

Od R at Middle R
Tracy Road  at Union
Bridge Point

(P12) (PIOA)

Sac R
below Rio

Grizzly Bay
at

Vista Bridge Dolphin (D7)

(D24)

Date/rime
Tide

IDS

1X)
Organic N

N-I3-N

NO02 (estimate)

NO02+NO03

NO3 (estimate)

Organic P (estimate)

Ortho-P04

Chlorophyll-a, pgl

Temperature * C

BOD

Oct 1811435
LH

591 (+)
8.7

0.4
0.00
0.09
0.93
0.84
0.09
0.12
39.2

21

Oct 17/1240

LH

270 b

7.8

0.2

0.07

0.03

0.32

0.29

0.03

01(0)

14

21

Oct 19/1325
LH

335 ()
81

0.1

0.07
0.02
0.22
0.20
0.06 (+)
0.07 (+)
25

20

Oct 19/1015

LH
13200 (+)
7.8

0.2

0.00
0.04
0.43
0.39
0.14 (+)
0.12 (4
0.8

19

(+)

10/03/88
10/03/88
10/04/88

I Note: All units are in mg/l except when note<l. Organic phosphorus was obtained by subtracting ortho-
P04 from total phosphorus. Dissolved nitrite and nitrate were obtained by subdividing their known total

into 10 and 90 percent values.
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Figure 3-66. Dissolved Oxygen, Total Dissolved Solids, and Temperature at Martinez
(September o4 to October 24, 1988)

ft/depth (in feet) per day was adapted 1 account for reaeration during very low velocllies
during slack cide conditions.

In calibration there was generally more latitude for adjustment in DO by varying benthic
demands, although these were only varied spatially, not temporally. In areas near the
effluent outfall site, SOD is expected to be higher because deposits of settleable organic
solids tend to build up over time, especially due to historically poor circulation of water in
the area, most notable during extended droughts. During the calibration process various
values of the benthic oxygen demand based on the suggested range of2-10.0 g/m?-day
(Thomann, 1972) were tried.

After repeated simulacions. adjustments of parameters, and examination of DO profiles
from the downstream end of channel 10 (approximately 20 miles downstream of Vema\ls)
to channel 3J (approx:imalely 38 miles downstream of Vemalis), model results were found
to be in good agreement with field data. The calibrated model uses benthic ox:ygen
demands of 16 g/m?-day for channels I through 9 and 4.9 g/m?-day from channels 10
through 20 (in the vicinily of the outfall). A uniform demand rate of 0.5 g/m?-day was
assigned to lhe sl of the Delta.
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Figure 3-17. Dissolved Oxygen, Total Dissolved Solids, and Temperature
In the San Joaquin River at Mossdale
(September 14 to October 24, 1988)

Profiles of calibrated DO and temperature are shown n Figures 3-22a and 3-23a. The time
\'ariation of computed discharge & channel 13 15 shown as an inset n the DO plot.
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h the San Joaquin River at Stockton
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Scenario2 Ve.rficationof The Model

flydrodynamics. h\llo" 11igcalibr:1tlon the model wa et up O mntlare \Valer quality for
Cktoll-r 1. 19SS. Pnor 10 tim date, a rock barner wa put in place & the head of Old
R1VtT,\ in the caliibration nin the actual tide at the Martinez boundary for this date s
Adju,ted ,0 & lo repeat after 25 hours. With this tide imposed al the seaward boundarYand
u,ing the .frc,hwak'r inflows presented in Table 3-3, the DWRDSM hydrodynamics
module was run until a state: of dynamic equilibrium ‘was achieved.

Th,: flow split a& the Old River Head computed by the model was found 1o be close to that
actually obser,-ed during the ame time period. Model results showed the flow split (daily
mean) into Old River a its head to be 27 percent (280 cfs). with 73 percent (74 | cfs) of re
flow passing downstream m the San Joaquin River. This represents a nearly three-fold
irn:rease Inde nt downstream now over that of September 20, 1988 simulafion period
(,cc Fl ure 3-19)

Hlater Quality. In this simulation calibration coefficients previously established remain
unaltered. This allows ws 10 examine how wcll the model can simulate hydrodynamic and
w:lter qualiry conditions different from chose of the calibration period, a measure of the
model' rlrabillty a a simulation 100L

Figure 3-22b represents the comparison of computed DO and field data for the verification
run. Mode! results agree very closely with field observations over the |8-mile reach of the
ri,-er. reproducing most features of the "oxygen sag". E pecially notable is the displace-
ment of rhe sag downstream due t the increase in net downstream flow (compared t rhe
calihr.111on case) and the increae in the DO sag minimum, due apparently © improved
reaer;.1tlon and dispersion along the channel. A comparison of temperature profiles which
look reasonable, especially considering the fact that one sec of climate data was used for
the entire system, is shown in Figure 3-23b. (This study used data from Sacramento
Airport Sta{ion for lack of detailed data at Stockton Station, although the latter would ha,e
been more appropnare because of the focus in this region for the present evaluation).

Figure 3-24 shows the profile of nitrate-nitrogen during the two simulation periods.
Ranges of observed data for the months of September and October 1988 (taken & weekly
intervals) are shown for comparison. Nitrate is somewhat underesrirnated by the model,
due. most likely, © uncertainties in boundary values. Future modeling efforts are expected
to improve nnrate simulation capability.

Figures 3-25 and 3-26 present computed profiles of chlorophyll-a and orthophosphate of
the reach for the two simularion periods. In these plots, field data & only one station (P8)
were available for comparison.

Diurnal Variation in Water Quality. The diurnal variation of DO is important because il
informs us how low DO levels can get during certain hours of the daily cycle. This
variation can be significant when larger populations of algae are present in the water.
Figures 3-27 through 3-33 show diurnal variations of selected quality variables & a station
near Stockton (Channel 17) for the September 1988 scenario. The chlorophyll pattern
shown in Figure 3-27 is typical of what would be expected on a dear day. The sinusoidal
pattern seen for afternoon hours shows the influence of solar radiation that peaks during
mid-afternoon. DO concentrations (shown in Figure 3-28) exhibit a similar trend in
concentration variations with elevated levels during the afternoon. This paltem reflects the
effect of the increase in photosynthetic oxygen production during afternoon hours.
Increased chlorophyll-a levels in the system also deplete nutrients in the system rapidly
which, in tum. reduce the demand on oxidation. This process also contributes to the rise of
DO levels duﬁng the afternoon.
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Hourly \"tr:itlons of ammonia and nitrate concentrations (sec Figures 3-29 and 3-3 |) show
gradual depression during the hours that correspond to rising chlorophyll-a levels, most
likely rcsultins from the incrc;:iscd uptake rates of nitrogen @ maintain cell growth. A
slmilo.r trend 1; exhlbi:ed hy the diurnal pattern of inorganic phosphorus (orthophosphate)
as shown in Figure 3-32. The fall in phosphate concentrations results from the increased
phosphorus uptake during growth.

hgure 3-30 <hows computed organic nHrogen concentrations over a 24-hour period. The
rise and fali pattern follow that of chlorophyll-a resulting from the increased release of
algal cells during respiration. The hourly variation -of computed temperature is included [or
reference (see Figure 3-33). Note that all of the above transformation processes are
dependent on temperature.

Further work on model evaluauon is in progress. Future modeling efforts will involve
more deiailed calibration of the model in the Delta.
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Figure 3-30. Computer Hourly Variation of Organle Nitrogen at Channel 17
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