

















concentration (based on measurements taken on the
same side of the river as the discharge) 5hould not
exceed a factor of three to four between adjacent
transects so that detailed concentration isopleths can
be generatad.

The following formula can be used to estimate the
number of required transects:

log (Qr/Qw)

log R (3-6)

N=

where N= number of transects
Qe = river flow rate
Qw = point source fiow rate
R¢ = ratio of fluorometer readings between
two adjacent transects, measured on
the same side of the river as the
discharge.

For example it Qa= 500, Qw=0.3, and R¢ is specified
to be 2, then

500
log 33

Nz ————— =10.7=11transects
log 2

Example sampling locations in wide and narrow
rivers.

Figure 3-7.
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Once the dye readings aiong a transect are uniform
{sayless than 5 percentdifference between readings)
then complete transverse mixing has almost been
attained., so one reading per transect is sufficient
further downstream.

Sampling at multiple depths may be necessary just
below the outfall. Since vertical mixing is rapid (see
Figure 3-3), vertical profiles probably are not required
at a large number of locations. The fluorometer 1tself
is the best method of determining if sampling at
muttiple depths is required. To simplify this aspect of
samphng, a preselected standard can be used, where,
for .example, samples 1 foot off the bottom are
uniformly taken.

For multiple discharges, ne aye studies and pro-
cedures outlined above a:€ ripczbu Scpalutely for
each discharge. Thedye 1s injected in the downstream
discharge first, and then at the next upstream
discharge, and so on. This will prevent upstream dye
from contaminating earlier surveys.

The delineation of effluent plume configurations
using the results of the dye studies provides a basis
for comparing instream effluent concentrations with
the toxicity concentrations determined in Tier 1 and
Tiar 2 toxicity tests. Where dye study results indicate
that effect-level concentrations are exceeded In-
stream, ambient toxicity tests should be conducted.
Receiving-water samples should be obtained from
sampling locations within the potential impact zones
to conduct static-renewal exposure tests. Sampling
stations should be placed at instream iocations which
correspondto concentrations measured in the dilution
series in the effluent tests. For exampie, where
effiluent testing shows the effluent NOEL is 10
percent, an instream station should be placed where
dilution is estimated to create a 10 percent instream
waste concentration. The results of the ambient
toxicity testing can be used to evaluate the persis-
tence of effluent toxicity and the decay rate of toxicity.
This supplementary information is of value 1n setting
waste load allocations.
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Figure 4-1.

Chapter 4
Exampie Application

4.1 Dissolved Oxygen

Figure 4-1 shows an BO mile (130 km) stretch of the
Eel River below the City of Dublin. Also shown on the
figure are Cache Creek, the Dublin wastewater

treatment piant, and historical water quality data

cotlected during the summer of 1981, The data show

that dissolved oxygen levels in the river have been as

low as 3.5 mp/1. The dissolved oxypgen standard is 6.0
mg/|, expressed as a daily average. The state has
mandated that the municipality reduce their waste
loadings to be in compliance with the water quality
standard for dissolved oxygen. Consultants for ths
municipality have been retained to design 8 summaer
low flow survey so that data can be gathered for a
dissolved oxygen model of the river.

Eel River and environs showing summer of
1981 water quality results.
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Before deciding on their modeling approach, the
consultants first review the historical data. Based on
the date, they conclude that high loadings of CBOD
and NBOD from the treatment plant are primarily the
causes of the depressad dissolved oxygen levels. Th¢
data show that algal activity has been minimal and
the river is large enough so that diurnal temperature
changes are no more than 2 to 3°C. Based on their
assessment of the problem, the consultants intend to
use a steady-state approach to dissolved oxygen
prediction, where the processes of CBOD, NBOD,
sediment oxygen demand (SOD), and reaeration are
simulated.

A Qo summer iow tlow is selected for the wasteload
aillocation period. A stream survey will be conducted
during 8 summer low flow period to provide the
necessary data to calibrate the model. The model will
then be applied to simulate the Q.0 conditions. The
sampling locations selected are shown in Figure 4-2.
They include locations to characterize:

e background levels in the river above the treatment
plant

the treatment plant effluent and tributary

the river just prior to mixing with the tributary
intermediate locations in the river necessary to
locate the dissolved oxygen sag and to determine
the CBOD and NBOD profite

water quality at the end of the reach

Based on historical data, and a preliminary model
application, the minimum dissoived oxygen level is
expected to occur near location 4. Locations 3, 4, and
5 will help to accurately establish the shape of the
dissolved oxygen sag curve. Location 3 is far enough
below the treatment piant that the effluent is
expected to be weli mixed before that location;
consequently multiple samples across a section are
not needed.

Table 4-1 summarizes the data that are to be
collected. Diurnal variations of effluerit loading
{station 2) and of instream quality at stations 3 and 4
will be quantified. Diurnal variations are nesded to
predict daily average dissolved oxygen levels to
compare with the state standard. Instream diurnal
variations are expected to be due to wasteload
variation, and not to temperature and algali effects.



Figure 4-2. Location of samphing stations on Eel River Additionally, a plug flow sampling event will be
conducted between stations 1 and 5 to help better
estimate NBOD and CBOD decay rates. Diurnal
loading variations are expected to make the range of
CBOD and NBOD concentrations at specific locations
quite large that accurate decay rates will be difficult to
estimate otherwise.

Dubhn g

In-situ sediment oxygen demand rates will be deter-
mined at stations 1, 3, and 7. Station 1 represents
background conditions, station 3 is expected 1o show

o 5¢10) 12 (20)
—_—

¥/ Mites {km) the influsnce of the treatment plant discharge, and
Denotes Sampling station 7 is located in a recovery zone.
Location 1

Because the river is fairly deep (4 ft or greater even
during low flow}, the consultents intend to use an
historical reaeration rate expression characterized by
a depth-velocity relationship. Spsecific tracer studies
are not planned. The water temperature is expected
to remain fairly constant over time, so that water
temperature simulation techniques are not needed.
Rather, water temperature effects will be considered
indirectly in terms of temperature effects on rate
& constants and temperature effects on dissoived
K ; oxygen saturation. Consequently meteorological data
; £ are not needed.

The judgement and experience of the consultants and
) 3 water quality specialists employed by the munic-

3 ipality have been combined to design this particular
E sampling program. Review of historical data, pre-
}’ liminary model applications to the river, and under-

standing the behavior of rate coefficisnts such as the
reaeration rate constant, were all used to design the
survey.

Table 4-1. Summary of Deta to be Collected During Stream Survey for Dissoived Oxygen Wasts Loed Allocstion

Sampling Station Parameters Frequency Comments
1. Background station, « CBOD, NBOD, DO, -+ 1 per day for Station 1 is used to establish background level.
Eei River above Tempersature 7 days
Dublin STP * Flow + USGS gage
2. Effluent of Dublin « CBOD, NBOD, DO, -+ Every 3 hours for The diumal varisbility is used to establish daily sverage
STP Tempersture 7 days loads, and to heip explain time variability in BOD and
« Flow » Continuously DO at specified locstion downstream.

3. In Eel River B miies « CBOD, NBOD, DO, Every 3 hours for Stations 3, 4, and 5 show the diurnal response t0 waste

beiow Dublin STP Temperasture 24 hours, plus load varistions. The plug flow sample is taken to corre-
sampie for plug spond with the passage of the centroid of dye released
flow analysis at the treatment plant.
4. In Eel River 16 miles same as station 3 same as station 3

below Dublin STP

5. In Eel River just same as station 3 same as station 3
above Cache Creek

6. Mouth of Cache same as station 1 same as station 1 Single flow rate estimates at the beginning and end of
Creek survey will be sufficient if a continuous gage is not
available.
7. In Eel River 4 miies same as station 3 same as station 1 Flow rates are not needed.

below Cache Creek
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4.2 Organic Toxicant

Figure 4-3 shows two wastewater treatment plants
that discharge to the El Cahon River, which flows into
Lake Chabot. A limnological investigation has shown
that surficial sediments of Lake Chabot are contam-
inated with the polycyclic aromatic hydrocarbon
pyrene. Subsequent investigations in the river also
revealed high concentrations of pyrene in the bed and
occasional high pyrene concentrations in the water
column as far upstream as the Bently sewage
treatment plant. Sampling of the effluent from the
Bently and Valisjo plants has confirmed that these
two plants are sources of pyrene. To meet water
quality standards, the state has decided that the
loading of pyrene to the river is to be reduced and
allocated between the two sources.

Figure 4-3. El Cahon River, Lake Chabot, and environs.
Bently
0 (0) 31(5) 6 (10)
| — A —
Miles (km)
Vaiteyo

N " " Lake Chabot -,

Prior to coliecting supplemental stream data to use in
the WLA analysis, the state first selects a modeling
approach and a sampling psriod. Since historical data
have indicated that pyrene levels have been highest
during the low flow period, the state has selected both
8 Q.o period (for chronic criteria) and a 1Q.o period

{for maximum criteria) to perform the WLA. This
example problem, therefore, deals with sampling
during a low flow period.

The state selects a dilution or mass balance approach
to allocate pyrene from the Bently treatment plant.
Above the Vallejo treatment plant, however, the state
believes that pyrene concentration is not predictabie
by pure dilution alone, based on the presence of
pyrene in the stream sediments.

The state decides to perform a preliminary analysis of
the fate of pyrene in the river, and to use the computer
model MICHRIV for the WLA (if needed) to simulate
the transport and transformation of pyrene in the
river between the two treatment plants. Table 4-2
summarizes data the state has collected on the fate of
pyrene. The data show that hydrolysis is probably
negligible, but that the biodegradation rate, while
unknown, is likely to be significant. The volatilization
rate is not shown in the table, but its importance can
be determined from Henry's Constant:

Py - MW

Ku= <60 5w

(4-1)

where P, = saturation vapor pressure, torr
MW = molecular weight
Sw = solubility in water, mg/|

For pyrene,

(6.9 -1077)(202)

= .10°* L3
[760)(140) -~ -3 107 atm-m*/mole

KH=

Table 4-2. Properties and Fate Processes for Pyrene (deta
are from (27) uniess otherwise noted)

« Molecular weight = 202

+ Octanol-wster partition coefficient, K, = 2-10%
+ Saturation vapor pressure {torr at 20°C), P, = 6-9-10~7
+ Solubility (mg/ at 25°C), S,, = 140 g/

+ Biodegradstion rate {1/dsy): unknown but probably signifi-
cant from (49)

* Hydrolysis rate (1/day): unknown, but prbbably negligible

* Near surface direct phototysis rate (1/day at a light intensity
i, = 2100 langleys/day), kg, = 24

* Wavelength of maximum light absorption (nm), A® = 330

This a very small Ky, and indicates that volatilization
is negligible (probably between 0.01 /day and 0.001/
day based on the two-film theory of volatilization (27).
The high octanol-water partition coefficiont (Kow = 2 x
10%) indicates that pyrene adsorbs to suspended and
bedded sediments, and will settle out in the stream-
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bed along with solids that are deposited there,
consgistent with historical observations.

The near-sufface direct photolysis rate is 24 /day. The
expected photolysis rate in the stream can be
approximated by {6):

DI 1 _°~M.\’l b4
Dole ki(A®) Z

ko= ko (4-2)

where ke = Near surface rate, 1/day
Lio = intensity of radistion from sunlight and
from laboratory source, respectively
D.D, = distribution coefficients in river and in
clear water, respectively
Z= water depth, m
k{A®) = light attenuation in water at wavelength
A*, 1/meter

The light attenuation term in Equation 4-2 can be
estimated from Table 4-3, excerpted from Mills (26).
For the El Cahon River during low flow conditions, the
attenuation factor is on the order of 0.1 for water type
C withdepth of 1m. Sincel,= 2100 langleys/day and|
= 540 langleys/day,

540
kg ~(24)(.1) —— = 0.6/day
2700
4
Table 43.  Range of W“:‘:
Depth of Water (m)
*(nm) Water Type® 1 2 3 5 10
300 A 0.9 0.8 0.8 0.6 0.4
B 0.5 04 0.2 0.14 0.07
Cc 0.1 0.06 0.04 0.03 0.01
D 003 001 0009 0.005 0.003
340 A 0.9 0.9 0.9 08 0.7
B 0.7 0.5 0.4 0.2 0.1
Cc 0.2 0.08 0.08 0.03 0.02
D 004 002 0.01 0.007 0.004
*Water Type Chi & (mo/} DOC (mg/l) SS (mg)
A 0.0 0.0 0.0
B 0.001 {oligotrophic,
o.g.. Lake Tahoe) 0.1 05
C 0.01 (eutrophic) 0.5 5.0
D 0.1 (highly eutrophic) 2.0 20.0

Hence, photolysis is an important process for pyrene.
This can be compared 1o the volatilization rate of
0.01-0.001/day to show that volatilization is un-
important.

Based on this preliminary analysis and previous
historical data, the state decides to determine the
diurnal variation of pyrene discharged from each
treatment piant and also the diurnal variation of
concentrations in the river, the iatter caused both by
daily variations in loading and variations in the
photolysis rate.

4-4

Additionally, because of the potential importance of
biodegradation, the state decides to determine the
biodegradation rate by a plug flow sampling event at
night when photolysis is negligible. The biodegra-
dation rate can be determined by a piot of pyrene
concentration versus distance (the effects of settling.
if important, also have to be accounted for). The state
feeis that for WLA purposaes, it is important to quantify
the individual processes affecting the fate of pyrene,
so that model processes can be rationally adjusted for
WLA conditions.

Table 4-4 summarizes the data the state intends to
collect. Locations of sampling stations are shown in
Figure 4-4. Four instream stations are chosen in
addition to effluent sampling at the two treatment
plants. No sampling stations are required below the
Valiejo plant.

Figure 4-4. Location of sampling stations on E! Cahon
River.
1 *) STP
Bently
00  3(5)  6(10)
L A J
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.
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Lt 4
e
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. .". ~
N Cmb
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6 - Ap

= Lake Chabot . °

The stations between the two point sources are
selected based on an assumed travel time of about
0.7 days between stations (it is assumed that the
state had previously determined travel times), and
considering that pyrene may photolyze and biode-



Table 4-4. Summary of Data to be Collected During Streem Survey

Sampling Station Parameters Frequency Comments

1. Background station in + Suspended solids + Three times during 7-day survey < Used to establish background levels
El Cahon River sbove ¢ Pyrene, total * Three times during 7-day survey - used to confirm that background
Bently STP * Flow rate « Continuously (USGS gage) pyrene concentrations are negligi-

ble
2. Effluent of Bently STP « Suspended solicis « Every 3 hours for 7 days « The frequency for suspended solids
* Pyrene, total * Every 3 hours for 7 days sampling can be relaxed if time
* Fiow rate » Continuously variability of suspended solids is
small, or if the suspended solids
concentrations in the river ere in-
sensitive to effluent suspended
solids.
3. In El Cahon river 6 mi » Suspended solids » Twice during 24-hour period « Sampiles for suspended solids and
(10 km) beiow Bently + Pyrene, total * Every 3 hours for 24 hours dissoived pyrene should be taken st

STP + Pyrene, dissoived
« Water temperature
« Cross-sectional area
« Water depth

« Once
* Once

4. In €1 Cahon River - Same as at Station 3,

« Twice during 24-hour period
* Every 3 hours

the same time, and along with total
pyrene, used to find the partition
coefficient (See Tabie 2-1).
Suspended solids versus distance
profiles should be used to ansiyze
the importance of solids settling on
totel pyrene in the water column.

If the state has the resources ch &

12 mi (20 km) below plus: snd DOC can e found st station 3
Bently STP ss well.
« Chiorophyil & « Twice during 24-hour period
+ Dissioved organic * Twice during 24-hour period
carbon
6. In El Cahon River just + Same as Station 3 + Ssme as Station 3 + Same as Station 3
below Valiejo STP
6. Effluent of Vallejo + Same as Station 2 * Ssme as Station 2 + Same as Station 2
STP
Other:
Plug flow sampling: * Dye « Every two hours from sunsetto  + The dyse is injected into the El
between stations 3 « Total pyrene sunrise beginning near Station 3 Cahon River near the Bently STP so
and 4 {(approxi- * Dissolved pyrene than it is wetll mixed by the time It

mately), depending
on the travel time
corresponding to
sunrise

+ Suspended solids

pesses Station 3.

grade fairly rapidly. Based on the mixing character-
istics of the river, it has been established that
complete mixing of effluent and stream water is
achieved upstream of station 3. Thus, the state does
not need to take multiple samples laterally across a
transect.

The state chooses to sample at three hour intervals,
over a 24-hour period at stations 3, 4 and 5. Due to
manpower limitations, the stations are sampled
sequentially, beginning with station 3. The state is
aware that this is not as desirable as sampling
simultaneously at the three stations because of the
time variability of the waste loadings. The effluent
quantity and quality of the treatment plants are
monitored for a period of one week, beginning the day
before the instream sampling begins at station 3.

At the upstream boundary station, a nearby USGS
gauge continuously records the flow. Because pyrens
contamination has never been found in the river
above the Bently treatment plant outfall, only three
background grab samples are taken during the
sampling period (one every two days).

Once sampling is completed at stations 3,4 and 5, the
plug-flow sampling event is begun. Dye is injected
into the stream at the Bently treatment plang so that it
is well-mixed at station 3 and arrives near sunset. The
effluent loading of pyrene at the time of dye injection
is recorded. Sampling for pyrene then begins at
station 3 as the peak dye concentration passes.
Samples are collected approximately every two hours
based on passage of peak dye concentrations, and
continues through the night. Suspended solids
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concentrations are also taken to see if settling of
solids is significant. The state realizes tha' the piug-
flow sampling event has to be carried out accurately
in order to determine the decay rate, because of the
time limitation (approx. 12 hours) before photolysis is
again active.

Once the state has completed the seven day sampling
program, enough information has been collected to
anslyze the fate of pyrene in the river, and to calibrate
MICHRIV. The agency intends to run MICHRIV a
number of times, with different loading rates to see
how well the predictions match the snvelope of
instream concentrations observed at locations.3, 4
and b.

Following model calibration, it is expected that the
state will conduct a second survey for model verifica-
tion. Different conditions will intentionally be chosen
between the calibration and verification periods. For
example, if the calibration survey were conducted
under cloudy or rainy conditions when the solar
radiation is suppressed by as much as 50 to 70
percent, the verification survey would be conducted
under clear sky conditions.
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