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October 31, 2001

Western States Petroleum Association (WSPA)

1115 11th Street, Suite 150

Sacramento, CA 95814

Attention:  Kevin Buchan

Subject:  
Comments on proposed tentative order renewing 

NPDES Permit CA0005789



NPDES SUPPORT PERMIT CA0005789



CONTRACT NO. RB 0101-12



FSI 014068

Dear Mr. Buchan:

Flow Science was retained by the Western States Petroleum Association (WSPA) in October 2001 to review information related to discharge Waste 001, which is addressed by a tentative order issued to renew NPDES permit CA0005789.  Specifically, Flow Science was asked to comment upon Finding 22, which addresses the issues of dilution and assimilative capacity from the Equilon Martinez diffuser, through which Waste 001 is discharged to Carquinez Strait.  This analysis was conducted by Susan C. Paulsen, Ph.D., a Senior Scientist at Flow Science, and reviewed by E. John List, Ph.D., P.E., Principal Consultant.  Dr. Paulsen’s qualifications are summarized in Attachment A.

Executive summary

The premise of withholding a dilution credit based upon an “assimilative capacity,” or lack thereof, makes little sense when detailed information about the Equilon Martinez Waste 001 is reviewed.  

Four field studies of dilution and two model studies of near-field dilution studies have shown that rapid near-field mixing is achieved by the Equilon Martinez diffuser.  Field studies have been conducted under a variety of conditions, including “worst case” receiving water conditions and a range of effluent flow rates.  Both the field and model studies show that average dilution at the edge of the mixing zone is about 30:1 or greater.  Thus, it would be appropriate to grant a 30:1 dilution (rather than a 10:1 dilution) on the basis of the measured and modeled diffuser performance.  

Because of the strongly tidal nature of flow in the estuary and past the diffuser location, tidal flushing is significant, and far-field, long-term average dilution exceeds 3000:1.  Thus, there is little opportunity for constituents discharged from the Martinez Equilon diffuser to “build up” within the estuary.  Even for the bioaccumulative pollutants of dioxin, PCBs, 4,4-DDE, and dieldrin, there is no evidence that discharges from the Martinez Equilon diffuser are in any way responsible for elevated concentrations in receiving waters, sediments, or biota.  Similarly, there is no evidence supporting the hypothesis that enforcing the effluent limits proposed in the tentative order for these constituents would result in any discernible decrease in concentrations of these constituents in receiving waters, sediments, or biota.  Any decision to set effluent limits of these constituents as proposed in the tentative order cannot be justified on scientific mass balance principles.  Finally, these arguments also lead to the conclusion that there is no scientific reason for denying a dilution credit for these pollutants.  The basis for these statements is provided below.

Introduction

As stated in Finding 22 of the proposed order, Regional Board staff “has found that the assimilative capacity [of the receiving water] is highly variable due to the complex hydrology of the receiving water.”  Further, Board staff have referenced “uncertainty associated with the representative nature of the appropriate ambient background data to conclusively quantify the assimilative capacity of the receiving water [sic].”  Thus, Finding 22 of the tentative order states that a “dilution credit is not included in calculating the final WQBEL” for bioaccumulative pollutants.  As stated in Finding 42 of the tentative order, this decision is based upon the assumption that the receiving water lacks assimilative capacity.  For non-bioaccumulative pollutants, a 10:1 dilution is granted.

Effluent limitations are developed in the tentative order for six bioaccumulative pollutants.  Two of these (selenium and mercury) have been assigned interim mass-based and concentration-based effluent limitations, which will be in place until a TMDL is established for these pollutants.  Four bioaccumulative pollutants (dioxins and furans, PCBs, 4,4-DDE, and dieldrin) are assigned effluent limits as specified in the effluent limitations section of the tentative order; effluent limits for these four constituents do not include or consider dilution from the diffuser.  

In preparing these comments, Flow Science has reviewed receiving water data, effluent data, and previous studies related to discharge from the Equilon Martinez diffuser.  Flow Science has also conducted additional analysis and calculations.  These comments are divided into three sections, which address near-field dilution, far-field dilution, and the issue of assimilative capacity of the receiving water with respect to the bioaccumulative pollutants mentioned above.

When considering the impacts of effluent discharged from a diffuser into a receiving water body, it is important to consider both near-field and far-field dilution.  Near-field dilution is the initial mixing between the effluent and the receiving water that occurs near the point of discharge.  Far-field dilution of a discharge is the dilution that occurs at some distance from the discharge location.  For a continuous discharge (such as the discharge from the Equilon diffuser), a steady-state concentration of discharged effluent (representing the balance between the supply at the discharge location and the removal of the discharge from the estuary via flushing) will develop within the estuary over time.  It is these steady-state, long-term concentrations of the discharge that must be used in assessing the impact of the discharge on an estuary outside of the near-field dilution zone.

Evaluation of near-field dilution

Diffusers are used to promote rapid mixing of a discharge with the receiving water.  This rapid initial mixing is achieved by the entrainment of ambient fluid, and the dilution achieved from a diffuser is a function of the diffuser design, the effluent characteristics, and the characteristics of the receiving water.  In the case of the Equilon Martinez diffuser, initial mixing is caused both by the momentum of the effluent as it exits the diffuser ports and by the relative buoyancy of the effluent with respect to the receiving water.  

Treated wastewater from the Martinez Refinery is pumped through a 24-inch diameter, half-mile long outfall pipe.  The outfall terminates in a 60-foot diffuser located beneath the east wharf of the marine terminal.  The diffuser consists of 20 ports (3-inch holes in the outfall pipe) spaced on 3-foot centers; ports are located on the downstream (southwest) side of the pipe.  The diffuser is located approximately 20 feet below mean low lower water (MLLW) and is attached to pilings beneath the wharf.  Currently, effluent is discharged continuously at an average flow rate of about 5.7 mgd; the tentative permit is written for an average annual discharge of 6.7 mgd.  The discharged effluent is buoyant with respect to the receiving water.  The average monthly temperature of the discharge generally ranges from about 75(F to about 90(F
.  The measured conductivity of the discharge ranges from 2,290 (mhos/cm to 6,730 (mhos/cm (or representing a salinity of about 1.4 ppt – 4.0 ppt)
.  Both temperature and salinity vary seasonally, with warmer effluent temperatures and higher salinities in the summer and fall months.

Conditions in the receiving water also vary seasonally, with high salinity water (up to about 20 ppt salinity) present at Martinez during dry (i.e., low Delta freshwater outflow) conditions.  During times of high freshwater outflow from the Delta, salinity at Martinez drops.  Near-surface water temperature is measured by DWR at Martinez and varies seasonally from around 45(F to about 70(F
.  Even when freshwater conditions are present in the receiving water near the Martinez Equilon diffuser, the effluent has a positive (upward) buoyancy, promoting buoyant mixing of the Waste 001 discharge.

Field Studies

Four detailed field studies of the near-field dilution attained near the Equilon Martinez diffuser have been conducted.  These studies have used tracers to measure the initial dilution of effluent discharged from the diffuser under a wide range of tidal conditions and receiving water conditions.  Flow Science has reviewed each of these studies and conducted new modeling analyses as appropriate to determine the effects of the effluent flow rates specified in the tentative order.

The first field study of dilution from the Martinez diffuser was conducted by Water Resources Engineers (WRE) in 1968
.  Two field tests evaluated the discharge of wastes pumped during ebb tide at 10,000 gpm.  (Note that this discharge rate is equivalent to 14.4 mgd, more than double the flow rate of 6.7 mgd in the tentative permit.)  A third field test was used to evaluate a reduced discharge rate, and two additional tests were used to evaluate near-field dilution during a flood tide.  Rhodamine B, a fluorescing liquid dye, was used as the tracer.  Current measurements were also collected during a current study both with tankers docked at both the east and west stations of the wharf and with no tankers present at the wharf.  As detailed in the study report, currents beneath the wharf were characterized by “constant eddying, lacking a well-structured or strong flow pattern…current velocity and direction at each station and depth was [sic] constantly changing in a somewhat random manner.”
  Current velocities under the wharf were approximately one-half to one-quarter the velocities in the main channel adjacent to the wharf (with higher velocities when tankers were present at the wharf).  WRE also noted that the presence of pilings beneath the wharf increases the dilution of the discharge over that which would be achieved in open waters.  Five dye tracer runs were performed during the study, and WRE concluded that average dilution at the edge of the rising waste plume was between 22:1 and 29:1, with greater near-field dilutions possible during stronger ebb tides, during flood tides, and/or with reduced discharge flow rates.  Note that the temperature and salinity of the effluent and the receiving water were not reported.

A second dilution field study was performed by the Shell Development Company in 1969
.  Four field tests were performed as part of this study, which utilized a radioactive tracer (radio-labeled sodium bromide, labeled with bromine-82, or 82Br).  Two field tests were conducted during ebb tide conditions and two during flood tide conditions.  The field tracer tests were conducted under a variety of receiving water conditions, ranging from high freshwater flow conditions (May 1969) to more saline receiving water conditions in August 1969 and later.  In this study, as in the WRE (1968) study, the presence of a docked vessel at the wharf was observed to increase velocities in the receiving water near the diffuser, and currents were observed to be highly variable beneath the wharf.  Results of these field studies are summarized in Table 1, below.

	Table 1.  Summary of results from dye studies conducted in 1969 and reported in Shell (1970). 

	
	Test 1
	Test 2
	Test 3
	Test 4

	Test date
	5/14/1969
	8/28/1969
	9/27/1969
	10/24/1969

	Effluent flow rate [mgd]
	11.4-18.7
	12.7-13.2
	13.2
	15.0-15.3

	Tide condition
	Flood
	Flood
	Ebb
	Ebb

	Ships/barges present?
	Yes (last 2 hours of test)
	NR
	NR
	NR

	Effluent temperature [(F]
	NR
	85
	NR
	NR

	Effluent chloride concentration [ppt]
	NR
	0.2
	NR
	NR

	Receiving water temperature [(F]
	NR
	66
	NR
	NR

	Receiving water chloride concentration [ppt]
	0.5
	6
	NR
	NR

	Receiving water velocity [m/s]a
	0.49-0.66
	0.15-0.21
	0.23-0.52
	0.09-0.30

	Observed weighted average dilution
	82-110b
	71-93b
	58-81c
	39-64c


a Note that the location of this measurement varied, and velocities near the diffuser may have been significantly lower.

b At a location 236 feet NE of the diffuser centerline (i.e., downstream during flood tide).

c At a location 265 feet SW of the diffuser centerline (i.e., downstream during ebb tide).

NR:  not reported

The third field dilution study was conducted by EA Engineering, Science, and Technology, Inc., in November 1985
.  Dye studies were performed using Rhodamine dye during two ebb tides and one flood tide.  Results of dye studies were compared to model results (described in greater detail below) to verify modeling.  By design, the dye studies were conducted under conditions defined by EA as “most conservative,” i.e., low river outflow and high receiving water salinity.  EA carried out an additional current study on June 17, 1986, to measure the influence of wharf pilings and the presence of ships docked at the wharf on velocities in the vicinity of the diffuser.  EA found that the combination of pilings and ships caused a significant reduction in velocity compared to predicted open-water velocities, consist with findings in the earlier reports.  The EA report did not examine changes in velocity beneath the wharf due solely to the presence or absence of ships.  Results of the dye studies are shown in Table 2 below.  From these results, EA concluded that “minimum dilution (i.e., centroid dilution when the plume surfaced) average 39:1 on ebb tide and 35:1 on flood.”

	Test 2.  Summary of results from dye studies conducted in 1985 and reported in EA (1986).

	
	Test 1
	Test 2
	Test 3

	Test date
	11/8/1995
	11/9/1995
	11/9/1995

	Effluent flow rate [mgd]
	NR, but likely 4.1 - 4.3 mgd

	Tide condition
	Ebb
	Flood
	Ebb

	Ships/barges present?
	Yes, during at least some portion of the tests

	Effluent temperature [(F]
	70a
	70a
	70a

	Effluent salinity [ppt]
	1.5a
	1.5a
	1.5a

	Receiving water temperature [(F]
	61.3
	60.1
	58.8

	Receiving water salinity [ppt]
	19.0
	17.7
	19.9

	Receiving water velocity [m/s]
	NR
	NR
	NR

	Minimum observed dilution at any depth in plume and at surface
	23.0 - 69.9 b

37 at surface
	22.1 - >200 c
35 at surface
	41.3 – 143d
>41 at surface


a Data are given for modeling study and were selected to match conditions during the field dye study.  Measurements made during the field dye study are not reported.

b From measurements of dye concentration with depth at distances 25 to 200 feet downstream of the diffuser along the plume centerline; note that only a single value of 23.0:1 was measured at 5.9 m depth 25 feet from the diffuser, i.e., within the zone of initial dilution.  All other values exceeded 37:1.

c From measurements made from 50 feet upstream of the diffuser to 175 feet downstream of the diffuser along the centerline of the plume.  Again, only a single value of 22.1:1 was measured at 6.5 m depth 25 upstream of the diffuser, i.e., within the initial zone of dilution.  All other values exceeded 30.8:1.

d From measurements made at distances 25 to 200 feet downstream of the diffuser along the plume centerline.     

NR:  not reported 

The fourth and most recent field tracer study was conducted by Brown and Caldwell in July 1987
.  Rhodamine WT was injected into the effluent for several hours each day during the dye study, capturing a range of receiving water conditions during both flood and ebb tides.  Receiving water temperatures ranged from 18.9(C to 19.9(C (66.0(F to 67.8(F), with strongest temperature stratification during peak ebb tides.  Receiving water salinity varied significantly, from 12.6 ppt near the surface at peak flood to 19.7 ppt near the bottom during slack before ebb.  Net Delta Outflow (NDO, a measure of the freshwater flow from the estuary) was estimated to be 3,050 cfs.  Current measurements made during the study confirmed that wharf pilings and tankers docked at the wharf affected current speeds beneath the wharf, with measured currents ranging from 17% to 42% of predicted maximum channel currents.  Although temperature and salinity of the effluent are not reported, the effluent was strongly buoyant, and dye concentrations were measured primarily at the surface (i.e., height of rise of the plume).  The effluent flow rate during the dye study was held constant at 2,800 gpm (4.0 mgd).  Brown and Caldwell also provided the results of a statistical compilation of current measurements in the vicinity of the diffuser taken from July 23-26, 1987, that showed strongly tidal flow.  These results showed that current velocities were less than 0.025 m/s only 2.8% of the time, and less than 0.05 m/s only 5.4% of the time.

Dye measurements made by Brown and Caldwell (1987) in general showed rapid dilution near the diffuser.  Results are summarized in Table 3, below.  Instantaneous measurements of dye at the surface showed small areas of dilution as low as 16.3:1, and dilutions less than 20:1 were observed only within 15 lateral feet of the diffuser (i.e., within the zone of initial dilution).  These dye studies showed time-averaged near-field dilutions (i.e., at the edge of the zone of initial dilution) nearer to 30:1.  The “blobby” or “puffy” nature of the plume is also clearly shown in vertical dye concentration profiles, which show variations in surface dye concentrations of up to eight-fold over only a few minutes (e.g., variation from 2 ppb to 15 ppb just below the surface in one vertical profile).  The plume likely experiences very localized, short-lived “puffs” of higher concentration effluent due to the erratic nature of the velocity of the receiving water in the vicinity of the diffuser.  Brown and Caldwell took care to observe dye concentrations during slack tide conditions, and their results show that even during slack tide, ambient turbulence and near-field mixing in the vicinity of the diffuser is significant. 

	Table 3.  Summary of results from dye studies conducted in July 1987 and reported in Brown and Caldwell (1987). 

	
	Period 1
	Period 2
	Period 3
	Period 4
	Period 5
	Period 6
	Period 7

	Test date

Test time
	7/24

1148-1204
	7/24

1533-1546
	7/24

1612-1620
	7/24 1620-1632
	7/25

1027-1031
	7/25 1203-1223
	7/27

1044-1050

	Effluent flow rate [mgd]
	4.3
	4.3
	4.3
	4.3
	4.3
	4.3
	4.3

	Tide condition
	Flood
	Near slack
	Slack
	Slack ( ebb
	Slack ( flood
	Flood
	Slack ( flood

	Receiving water temperature [(F]
	18.9(C - 19.9(C (66.0(F – 67.8(F) on 7/23/87

	Receiving water salinity [ppt]
	12.6 ppt – 19.7 ppt

Stratified

	Receiving water velocity [m/s]a
	0.012

to NE
	0.06

 to NE
	0

Erratic
	0-0.02

Erratic
	0.15

to N
	Erratic
	NR

	Observed minimum dilution at surface
	16.3
	22.6
	33.4
	32.8
	17.0
	24.5
	36.8

	Approx. lateral distance from diffuser to peak concentration
	19 ft
	14 ft
	64 ft
	64 ft
	14 ft
	37 ft
	62 ft

	Observed average dilution across plumeb
	21
	31
	43
	47
	21
	32
	51


a Estimated from vector diagrams contained in figures in Brown and Caldwell (1987) report.

b Estimated from contour plots of surface dye concentrations contained in figures in Brown and Caldwell (1987) report.  Estimates were made from average dye concentration across the plume at the location where the minimum surface dilution was observed.

c At a location 265 feet SW of the diffuser centerline (i.e., downstream during ebb tide).

NR:  not reported
Diffuser Modeling Analysis

Modeling of near-field dilution is useful to estimate plume behavior under a variety of conditions.  For example, modeling may be used to predict dilution for conditions different from those observed during field studies, or to examine the effects of operational changes.  Numerical dilution modeling was first reported by EA Engineering, Science, and Technology (1986).  The original modeling by EA was conducted using the April 1984 version of the UDKHDEN model, a plume dilution model that simulates the near-field behavior of diffuser discharges.  Conditions corresponding to those observed during the three dye studies conducted by EA (described above) were replicated in the model.  EA found that the UDKHDEN model-predicted dilutions compared well to dye study results, particularly for the no-flow (i.e., zero velocity) condition.  After comparison to field study results, EA used the model to predict dilution under “worst case” receiving water conditions, defined as 95th percentile most conservative case values (see EA, 1986).  In all cases, EA found that the “minimum expected dilution for the Shell effluent at the edge of the ZID is approximately 33:1.”
  EA also found that UDKHDEN predictions for current speeds greater than 0.05 m/s produced dilutions higher than those observed at the same locations in the field dye studies.  

Since 1986, when EA conducted modeling of the diffuser, the UDKHDEN model has been updated and improved and is now called the DKHW model
.  In addition, the tentative permit has been written for an average effluent flow of 6.7 mgd, higher than the effluent flow modeled by EA (1986).  Using the updated DKHW model, Flow Science modeled conditions identical to those modeled by EA (1986).  Tabulated results of the dilution modeling conducted by EA (1986) and Flow Science (2001) are presented in Table 4 below.  Four different cases were modeled, corresponding to four different receiving water conditions.  Two ambient salinity and temperature profiles were modeled and are presented in Table 5; three different flow velocities were also modeled.   The first two columns in Table 4 show model results for the four modeled cases for the same conditions. Model results agree well, confirming that the predictions of the DKHW model are consistent with the results of the field studies.  In fact, the Flow Science (2001) modeling produces lower dilutions when ambient flow velocities are high (Case 3), in much better agreement with dye study results than the earlier EA (1986) modeling.  Thus, the DKHW model seems to correct one of the flaws of the earlier UDKHDEN model, producing more reasonable near-field dilution results for non-stagnant flow conditions.   

Flow Science also used the DKHW model to simulate increased average effluent flow rates to the level specified in the tentative NPDES permit; other modeled conditions remained the same.  These results, shown in the fourth column of Table 4, demonstrate that the near-field dilution attained by the diffuser operating under increased effluent flow rates is consistent with the earlier results.  At the tentative permit average annual flow rate of 6.7 mgd, a dilution of 29.6:1 or greater is expected at the edge of the near-field zone.

	Table 4.  Results of numerical modeling of 95th percentile-most-conservative-case values.  See EA (1986) for definition of most conservative case.

	Model parameter
	EA (1986) model results
	Flow Science (2001) results for 1986 flows
	Flow Science (2001) results for permit flows

	Diffuser characteristics

     Number of ports

     Port diameter

     Port spacing

     Port depth
	20

3 in

3 ft

20 ft
	20

3 in

3 ft

20 ft
	20

3 in

3 ft

20 ft

	Model conditions: case 1

     Effluent flow rate

     Effluent salinity

     Effluent temperature

     Ambient current

     Ambient profile

Model results:  case 1

Trapping depth

Dilution at trapping depth

Height of max. rise

Dilution at max. rise

Distance from diffuser of max. rise
	4.31 mgd

1.50 ppt

70(F

0 m/s

Profile A

--

--

water surface

31.7

19.1 ft
	4.31 mgd

1.50 ppt

70(F

0 m/s

Profile A

--

--

water surface

30.0

19.6 ft
	6.7 mgd

1.50 ppt

70(F

0 m/s

Profile A

--

--

water surface

29.6

28.8 ft

	Model conditions: case 2

     Effluent flow rate

     Effluent salinity

     Effluent temperature

     Ambient current

     Ambient profile

Model results:  case 2

Trapping depth

Dilution at trapping depth

Depth of max. rise

Dilution at max. rise

Distance from diffuser of max. rise
	4.31 mgd

1.50 ppt

70(F

0.05 m/s

Profile A

5.2 ft

64.45

1.0 ft

78.1

33.3 ft
	4.31 mgd

1.50 ppt

70(F

0.05 m/s

Profile A

6.9 ft

58.4

0.21 ft

81.1

48.7 ft
	6.7 mgd

1.50 ppt

70(F

0.05 m/s

Profile A

2.2 ft

58.1

water surface

62.6

42.7 ft


	Model parameter
	EA (1986) model results
	Flow Science (2001) results for 1986 flows
	Flow Science (2001) results for permit flows

	Model conditions: case 3

     Effluent flow rate

     Effluent salinity

     Effluent temperature

     Ambient current

     Ambient profile

Model results:  case 3

Trapping depth

Dilution at trapping depth

Depth of max. rise

Dilution at max. rise

Distance from diffuser of max. rise
	4.31 mgd

1.50 ppt

70(F

0.10 m/s

Profile A

14.2 ft

102

3.2 ft

118

49.9 ft
	4.31 mgd

1.50 ppt

70(F

0.10 m/s

Profile A

12.9 ft

58.9

10.8 ft

72.4

35.8 ft
	6.7 mgd

1.50 ppt

70(F

0.10 m/s

Profile A

12.7 ft

48.4

9.2 ft

64.2

46.5 ft

	Model conditions: case 4

     Effluent flow rate

     Effluent salinity

     Effluent temperature

     Ambient current

     Ambient profile

Model results:  case 4

Trapping depth

Dilution at trapping depth

Height of max. rise

Dilution at max. rise

Distance from diffuser of max. rise
	4.10 mgd

1.50 ppt

70(F

0 m/s

Profile B

--

--

water surface

32.5

18.4 ft
	4.10 mgd

1.50 ppt

70(F

0 m/s

Profile B

--

--

water surface

31.3

18.9 ft
	6.7 mgd

1.50 ppt

70(F

0 m/s

Profile B

--

--

water surface

30.0

28.4 ft


	Table 5.  Receiving water salinity and temperature profiles used in modeling (see Table 4).

	Water depth [m]
	Salinity [ppt]
	Temperature [(C]

	Profile A

0.00

0.50

2.13

3.96

6.20
	19.56

19.59

20.63

20.62

20.68
	14.78

14.79

14.82

14.88

14.82

	Profile B

0.00

1.52

2.13

2.74

3.35

3.96

4.57

5.18

5.79

6.10
	17.50

17.50

17.30

17.93

17.23

17.26

17.39

17.52

17.34

17.34
	8.00

8.00

7.67

6.67

6.21

6.21

6.22

6.26

6.96

6.96


In summary, the results of four separate field tracer studies and two near-field plume models all show that the minimum average dilution in the near-field of the discharge from the Equilon Martinez diffuser is approximately 30:1 or greater.  These tracer and modeling studies span the range of expected conditions, including the range of expected effluent flows, effluent temperature and salinity, receiving water temperature and salinity, and tidal conditions.  Dye study results were obtained both when ships or barges were present at the wharf and when they were not.  Based upon the review of previous studies and data and additional modeling, Flow Science concludes that the appropriate near-field average dilution ratio is 30:1 or greater.  As detailed below, this dilution ratio is applicable for both bioaccumulative and non-bioaccumulative pollutants. 

Evaluation of far-field dilution

Because San Francisco Bay is a dynamic, tidally-driven, open system, flushing is far greater than in a closed (or nearly closed) system, such as the Great Lakes.  On each tidal cycle, an average volume of approximately 1.3 million acre-feet (about 423 billion gallons) moves into and out of the San Francisco Bay estuary at the Golden Gate (SFEP, 1992
; Cohen, 2000
).  This volume of water is approximately 24% of the total volume of water contained in the estuary (SFEP, 1992; Cohen, 2000).

While part of the volume of water that enters the Bay during the flood tide is made up of water that left the Bay on previous ebb tides, part of the water that enters the Bay is “new” ocean water.  The “tidal exchange ratio,” often called “R,” is the ratio of new ocean water to the total volume of water that enters the Bay during a flood tide.  Fischer et al. (1979) report the results of measurements of tidal exchange at the entrance to San Francisco Bay; see Attachment B.  The average tidal range at the Golden Gate can be calculated from tidal measurements made at this location and is approximately 5.5 feet (see also Cohen, 2000).  Thus, the average tidal exchange ratio at the mouth of the San Francisco Bay and the associated estuary is estimated to be about 0.3, or 30%.  This means that approximately 390,000 acre-feet of “new” ocean water enter the estuary on each tidal cycle.  Since there are two tidal cycles every 24.8 hours, approximately 755,000 acre-feet of “new” ocean water enter the estuary every day.

Extensive measurements have been made of flow velocities within Carquinez Strait.  Data collected by the United States Geological Survey (USGS) at the west end of Carquinez Strait show that flow velocities within Carquinez Strait almost always exceed 0.5 m/s and routinely exceed 1 m/s during tidal cycles (Burau et al., 1993
).  The strong tidal nature of flows in Carquinez Strait can also be seen by measurements of water surface elevation made by DWR at Martinez.  The tidal excursion as measured at Martinez (near the Equilon discharge) generally ranges from about 3 feet to about 7 feet (data from CDEC, 2001
).

Flows in Carquinez Strait consist primarily of tidal flows and of freshwater flows that leave the Delta and enter San Francisco Bay via the Strait.  Because tidal flows are much larger than freshwater flows at the western edge of the Delta and in Carquinez Strait, the net freshwater flow entering the Bay from the Delta cannot be measured directly.  The net freshwater flow is instead calculated as the difference between water arriving to the Delta (via river flow and precipitation) and water removed within the Delta (via in-Delta use and exports/diversions).  The average annual Net Delta Outflow ranges from 5,431 cfs to 60,179 cfs during the time period 1984-1999 (based on data from IEP, 2000
).

Because dilution outside the near-field zone will be provided by both tidal flows and by freshwater inflow to the Bay, it is useful to calculate the “net dilution flow.”  The net dilution flow is defined as the total flow available for diluting the effluent and accounts for dilution provided both by freshwater flows entering the estuary and by tidal flows.  The net dilution flow allows one to estimate the steady-state, long-term impacts of a discharge upon the estuary (outside the near-field zone) and is calculated following the procedures found in Fischer et al. (1979) (see Attachment C).

Using the procedures and values provided in Attachment C, a multi-year average of Net Delta Outflow in the channel near the Equilon refinery discharges is estimated to be just over 25,000 cfs, corresponding to a long-term average net dilution flow of about 35,000 cfs.  This is equivalent to a long-term average dilution in the vicinity of the discharges (but outside the near-field zone of initial mixing adjacent to the diffuser) of about 3400:1.  This result is consistent with results presented for the Avon and Rodeo diffusers (formerly owned by TOSCO)
.

Seasonal estimates of the average dilution flow can also be calculated as described in Attachment C.  Average “worst-case” conditions correspond to summer or fall (season), when dilution in the vicinity of the Equilon diffuser far-field zone is estimated to be 1000:1.  This corresponds to an average net dilution flow in the vicinity of the diffuser of about 10,000 cfs.  Average “best-case” conditions are observed to occur in winter, when the average “best-case” net dilution flow in the vicinity of the Equilon discharge is estimated to be 120,000 cfs, corresponding to an average “best-case” dilution of greater than 10,000:1 in the channel near the discharges (again, outside the near-field zone).

Flow Science has conducted very detailed studies of similar discharges into San Francisco Bay and has found that long-term (i.e., steady-state, 120-day average) concentrations of effluent in the Bay are low.  One such study was conducted in 1987, for an outfall diffuser operated by Chevron Refining and located at Pt. San Pablo, in San Pablo Bay.  This discharge was studied using three methods:  a field dye study, which involved the release of dye through the diffuser at an effluent flow rate of 7.5 mgd (11.7 cfs) over one day; a physical model study, which evaluated effluent concentrations throughout the entire Bay over long time-scales using the Army Corps of Engineers Bay/Delta Hydraulic Model, located at Sausalito; and a numerical modeling study, which evaluated the long-term dilution of a continuous discharge throughout the Bay under both low and high Delta outflow conditions (4,400 cfs and 32,000 cfs, respectively).  Results from these studies demonstrated that it takes approximately 120-140 days to establish a steady-state concentration distribution in the Bay-Delta for this discharge.  Results also showed that an average effluent discharge of 10 mgd (15.5 cfs) at this location would produce a long-term average (i.e., steady-state) dilution of about 8000:1 in Suisun Bay, about 6000:1 in San Pablo Bay, and a dilution of about 13,000:1 at Oyster Point in the South Bay.  While this study was conducted for a discharge located approximately seventeen miles southwest of the Martinez discharge, our experience indicates that results for the Martinez discharge would be similar.  These results indicate unambiguously that the Bay has a very large dilution capacity for discharges in the vicinity of San Pablo Bay.

In summary, the Equilon Martinez diffuser is situated in an area of high dilution and tidal flushing.  Initial dilution from the diffuser in the near-field averages 30:1 or greater, and average far-field dilution is about 3400:1.  Multiple studies that have been conducted on this discharge and on similar discharges all point to the conclusion that there is rapid and significant dilution of discharges from the Equilon Martinez diffuser.

Assimilative capacity and dilution credits for bioaccumulative pollutants

As stated in the tentative order, for pollutants that are both bioaccumulative and on the 303(d) list due to fish tissue concentrations, it is assumed that the receiving water body has no assimilative capacity, and no dilution credit has been allowed in the calculation of final limits
.  The premise of assigning extremely low discharge limits to the Equilon discharge based upon a lack of “assimilative capacity” makes little sense when detailed information about the Equilon Martinez discharge is reviewed.  The amounts of these pollutants that are added by the diffuser are very much lower than the probable error in measuring receiving water concentrations of these pollutants.  Indeed, the final limits proposed in the tentative order would result in receiving water concentration increments due to the Equilon discharge that are, in many cases, many orders of magnitude below the lowest currently attainable detection limit, and orders of magnitude lower than the effluent limitations specified.  In effect, these effluent limits are equivalent to zero discharge limits.

Because there is substantial dilution of the Martinez Equilon discharge within the estuary (e.g., an average far-field dilution of about 3400:1 as detailed above) and because concentrations of most of the pollutants of concern are below detection limits, there would be no way to discern any effect on the concentrations of these constituents in the sediments, in biota, or even in the water column away from the near-field zone.  Any decision to reduce outfall effluent concentrations to extremely low levels cannot be justified on scientific mass balance principles.  Detailed information on specific contaminants for which assimilative capacity is assumed in the tentative order to be zero is provided below. 

Dioxin

Water quality objectives for dioxins and furans are based upon a numeric human health water quality objective (WQO) of 0.014 pg/l for 2,3,7,8-TCDD (based upon consumption of aquatic organisms).  Because the waters of Carquinez Strait are 303(d)-listed for dioxin compounds on the basis of concentrations of dioxins and furans in fish tissue, a TMDL limit will ultimately be developed for dioxin.  The tentative order specifies an interim limit (which corresponds to the existing permit limit) for dioxin TEQ (as TCDD equivalent) of 0.14 pg/l.  The tentative order also specifies a compliance schedule set for November 30, 2011, although the current TMDL listing does not anticipate when the TMDL for dioxin might be completed.

Evaluating compliance with proposed limits is difficult, as past data have shown either dioxin concentrations in effluent that were below detection limits or questionable results due to system contamination.  To our knowledge, no data are available for concentrations of dioxins in Bay waters or sediments.  However, even the existing effluent limit of 0.14 pg/l, which is below current detection limits, is extremely low.  If the Martinez effluent were shown to contain dioxin concentrations of 0.14 pg/l, this would imply a far-field increment of dioxin concentration of 0.000041 pg/l that would result from the Equilon Martinez discharge.  Similarly, a discharge of 0.014 pg/l would imply a far-field concentration increment of 0.0000041 pg/l.  These concentration increments are four and five orders of magnitude below existing detection limits.  Even allowing a 10:1 (or, more appropriately, 30:1) dilution would result in immeasurable, negligible increases in dioxin concentration in the receiving water.  

PCBs

Like dioxin, water quality objectives for PCBs are based upon numeric human health criteria.  The CTR lists a water quality objective of 0.00017 (g/l, which applies to total PCBs (i.e., the sum of all congener, isomer, homolog, or aroclor analyses)
.  Carquinez Strait is 303(d)-listed for PCBs on the basis of fish tissue concentrations, and a TMDL is scheduled for completion in 2008.  Concentrations of PCBs in Waste 001 have consistently been below detection limits, but all detection limits have been above the WQO.  The tentative order found a reasonable potential for PCBs and included an effluent limit for PCBs on the basis that PCBs have been historically present at the facility, detection limits are above the WQO, and PCBs are bioaccumulative, 303(d)-listed pollutants in Carquinez Strait.

The tentative order states that it is believed that the discharger “can immediately comply” with the effluent limitations given in the tentative order.  Thus, the limits specified by the permit are final (not interim) limits.  The tentative order specifies daily maximum limits and monthly average limits of 0.00034 (g/l and 0.00017 (g/l, respectively, for each of seven aroclor groups (i.e., PCB-1016, PCB-1221, PCB-1232, PCB-1242, PCB-1248, PCB-1254, and PCB-1260).  Compliance will initially be based upon a minimum level (ML) of 0.5 (g/l as specified in the SIP
.  

If effluent discharged from the Equilon Martinez diffuser contained the monthly average limit of 0.00017 (g/l (0.17 ng/l, or 170 pg/l) PCBs, the long-term, far-field increment in PCB concentration in the receiving water would be approximately 0.00000005 (g/l (equivalent to 0.00005 ng/l or 0.05 pg/l).  By comparison, concentrations of dissolved PCBs in water collected from the Davis Point RMP monitoring location in 1999 ranged from 72 to 99 pg/l sum PCBs
.  (Note that dissolved and total concentrations of PCBs were measured only at Davis Point and not at Pacheco Creek.)  Thus, the concentration increment added by the Equilon Martinez diffuser at the effluent limit in the tentative order would increase receiving water concentrations of dissolved PCBs by approximately 0.07%.  Concentrations of total PCBs at Davis Point in 1999 ranged from 148 to 1498 pg/l
, and the corresponding increment of PCBs added by a discharge of 0.17 ng/l from the Equilon Martinez discharge would be 0.003% to 0.03%.  This concentration increment represents an immeasurable and insignificant increase in receiving water concentrations.  Even if a 10:1 (or, more appropriately, 30:1) initial dilution were allowed in calculating the effluent limitation, the Martinez Equilon diffuser would contribute a negligible amount of PCBs to the receiving water.  The amount of PCBs that would be added by the diffusers under the monthly average limit contained in the tentative order is very much less than the probable error in the measurement of PCBs in the receiving water.  In fact, the extremely low effluent limits listed in the tentative order cannot be justified on the basis of mass balance principles.

Note that concentrations of PCBs in the Sacramento and San Joaquin Rivers occasionally exceed the proposed effluent limits contained in the tentative order.  For example, total PCB concentrations as high as 850 pg/l and 762 pg/l were measured in the Sacramento and San Joaquin Rivers, respectively, in April 1994
.  These two rivers are the primary sources of freshwater to the Delta, and thus are the primary sources of water in Contra Costa Canal, the source of Equilon’s intake water.  Thus, the source water for Waste 001 may contain elevated concentrations of PCBs.

4,4-DDE and Dieldrin

Carquinez Strait is also 303(d)-listed for both 4,4-DDE and dieldrin, again on the basis of measured concentrations in fish tissues.  These two constituents were identified as having a “reasonable potential” based solely upon measured concentrations in the receiving water that were higher than water quality objectives.  The tentative order specifies daily maximum concentration limitations (0.00118 (g/l for 4,4-DDE and 0.00028 (g/l for dieldrin) and monthly average concentration limits (0.00059 (g/l for 4,4-DDE and 0.00014 (g/l for dieldrin) based upon numeric human health criteria.  Like the effluent limitations for dioxin and PCBs, these are below the detection limits that have been used to date by Equilon.  Compliance with these final limits will be based initially on concentrations that are below the minimum levels (MLs) specified in the SIP (2000) (i.e., 0.05 (g/l for 4,4-DDE and 0.01 (g/l for dieldrin).  Although Carquinez Strait is 303(d)-listed for these constituents, there is no anticipated date for TMDL completion.

The maximum concentration of 4,4-DDE measured in the receiving water is listed in the tentative order as 0.00069 (g/l (0.69 ng/l, or 690 pg/l), 0.0001 (g/l above the WQO.  Measurements of p,p’-DDE concentrations made in 1999 at Davis Point indicated dissolved p,p’-DDE concentrations ranging from 41 to 61 pg/l and total p,p’-DDE concentrations ranging from 88 to 1047 pg/l
.  Clearly, 4,4-DDE is associated with particles that may be resuspended.  Because 4,4-DDE has never been detected in the Equilon Martinez discharge and because this discharge receives significant far-field dilution, there is no evidence that this discharge is in any way responsible for elevated concentrations of 4,4-DDE within the estuary.  Further, even a discharge from the Equilon Martinez diffuser at the proposed effluent limitation of 0.00059 (g/l (0.59 ng/l, or 590 pg/l) would result in a concentration increment in the receiving water of only 0.17 pg/l.  This concentration increment would correspond to an increase of about 0.28% to 0.4% in dissolved 4,4-DDE concentrations, or an increase of about 0.02% to 0.19% of total 4,4-DDE concentrations in the receiving water.  Thus, there is no reason to believe that this low effluent limitation will result in any discernible improvement in 4,4-DDE concentrations in the water column, in sediments, or in biota.  Further, this would be true even if an initial dilution of 30:1 were allowed for this constituent.  In addition, we note that concentrations of 4,4-DDE in the Sacramento and San Joaquin Rivers at times exceed or approach the proposed effluent limits contained in the tentative order (e.g., concentrations of 920 pg/l and 570 pg/l, respectively, in January 1997
).  These two rivers are the primary sources of freshwater to the Delta, and thus the primary sources of water in Equilon’s intake from the Contra Costa Canal.  Thus, the source water for Waste 001 may contain elevated concentrations of 4,4-DDE. 

The tentative permit states that the maximum observed concentration of dieldrin in the receiving water is 0.000264 (g/l (0.264 ng/l, or 264 pg/l), 0.000124 (g/l above the WQO.  By contrast, concentrations of dieldrin measured in receiving water at Davis Point in 1999 varied from 30 to 85 pg/l (dissolved) and 39 to 110 pg/l (dissolved + particulate)
.  Thus, all measurements of dieldrin in receiving water in 1999 were below the maximum observed concentration referenced in the tentative order.  (Only a single water sample collected from Davis Point has exhibited a dieldrin concentration exceeding 264 pg/l
 (January 1997, a flood period in the Delta); all other samples collected since 1993 have had total dieldrin concentrations below 150 pg/l.)  As with 4,4-DDE, dieldrin has never been detected in the Equilon Martinez discharge and there is no evidence that this discharge is in any way responsible for elevated concentrations of dieldrin within the estuary.  Further, even a discharge from the Equilon Martinez diffuser at the proposed effluent limitation of 0.00014 (g/l (0.14 ng/l, or 140 pg/l) would result in a concentration increment in the receiving water of only 0.04 pg/l.  This concentration increment would correspond to an increase of about 0.1% in dissolved and total dieldrin concentrations in the receiving water.  Thus, there is no reason to believe that this low effluent limitation will result in any measurable improvement in dieldrin concentrations in the water column, in sediments, or in biota.  Further, this would be true even if an initial dilution of 30:1 were allowed for this constituent.  As with 4,4-DDE, concentrations of dieldrin in the Sacramento and San Joaquin Rivers at times exceed the proposed effluent limits contained in the tentative order (e.g., concentrations of 380 pg/l and 327 pg/l, respectively, in August 1997
).  Since water in Equilon’s intake originates from these two rivers, the source water for Waste 001 may contain elevated concentrations of dieldrin.

There is no reason to believe that 4,4-DDE or dieldrin were used at the facility or that any site-related activities would result in elevated concentrations of these constituents in effluent discharged from the Equilon Martinez diffuser.  Similarly, there is no evidence that the Equilon Martinez discharge is in any way responsible for elevated concentrations of these constituents in receiving waters, sediments, or biota.  This conclusion is further supported by a study conducted by Jenkins, Sanders & Associates, which collected and analyzed sediments for the presence of these constituents in sediments near the diffuser and at a background site.  This study concluded that “there is no evidence to support the increased accumulation of effluent-related trace elements in the vicinity of the refinery outfall.”
  The inclusion of extremely low effluent limits cannot be justified for either 4,4-DDE or dieldrin on the basis of mass balance considerations.

Mercury

Mercury is listed on the 1998 California 303(d) list for Carquinez Strait on the basis of mercury concentrations in fish tissue.  The listing acknowledges that the major source of mercury to this water body is historic and results from gold mining sediments, local mercury mining, and erosion and drainage from abandoned mines.  The listing states that point sources are “low to moderate level inputs.”  As noted in the tentative order, ambient background concentrations of mercury in Central Bay are below both fresh- and salt-water aquatic species water quality objectives (WQOs), but more stringent WQOs, developed to protect human consumption of fish and shellfish, apply.  

In the tentative permit, Board staff have chosen to apply an interim mass loading limit of 0.029 kg/month and an interim monthly average effluent limitation of 75 ng/l for mercury.  These limits were based upon a statistical analysis of ultraclean mercury data pooled from refinery dischargers in the region
.  A final mass-based effluent limitation for mercury will be based upon the waste load allocation (WLA) derived from the mercury TMDL.  As stated in the tentative order, it is not anticipated that the TMDL will require “reduction efforts beyond those required by this permit and a separate technical report (13267 letter).” 
Background concentrations of mercury have been measured as part of the Regional Monitoring Program (RMP) in the vicinity of the discharge from 1996-1999
.  For the two stations nearest the Martinez diffuser (i.e., Davis Point and Pacheco Creek), average concentration of dissolved mercury was 0.0021 (g/l (2.1 ng/l).  The maximum measured concentration of dissolved mercury at these two stations was 0.0077 (g/l (7.7 ng/l).  Even if the limit of mercury (0.029 kg/mo) were discharged continuously via the Martinez diffuser, the increase in the average steady-state mercury concentration at these locations would be at most 0.038 ng/l, or about 0.6%
.  

To put the flux of mercury into perspective, Flow Science compared the diffuser fluxes of mercury to the flux of naturally occurring mercury carried into the Bay with “new” ocean water each day.  The concentration of mercury in background ocean water is approximately 5 pmol/kg
.  This corresponds to a flux of approximately 30 kg/mo of mercury that is carried into the Bay with “new” ocean water.  Thus, it is clear that the mass of mercury discharged by the Martinez diffuser is about three orders of magnitude smaller than the mass of mercury brought into the estuary with “new” ocean water every month.

Additionally, it is important to note that a study of effluent-associated contaminants in sediments adjacent to the diffuser
 found no evidence for the increased accumulation of mercury in sediments in the vicinity of the refinery outfall.

Selenium

Selenium, like mercury, is on the 303(d) list for impairing Carquinez Strait and is considered a bioaccumulative pollutant.  In the tentative permit, Board staff have applied an interim effluent concentration (50 (g/l) and mass emission (2.13 lb/day) that are based upon the Settlement Agreement between WSPA and the Board.  The tentative order states that these interim limitations will apply until the TMDL for selenium is completed (anticipated completion date 2010), while the Fact Sheet notes that a five-year compliance schedule of November 30, 2006, will apply for selenium.

Background concentrations of selenium have been measured as part of the Regional Monitoring Program (RMP) in the vicinity of the discharge from 1996-1999
.  For the two stations nearest the Martinez diffuser (i.e., Davis Point and Pacheco Creek), average concentrations of total selenium were 0.19 (g/l (190 ng/l), and the maximum measured concentration of total selenium was 0.51 (g/l (510 ng/l).  Average and maximum dissolved concentrations of selenium at these two locations for the same time period were 0.15 and 0.31 (g/l, respectively.  Even if the limit of selenium (2.13 lb/d) were discharged continuously via the Martinez diffuser, the increase in the average steady-state selenium concentration at these locations would be at most 0.01 (g/l, or about 6.7% of the dissolved background concentration and 5.3% of the total background concentration
.  To help put these numbers in perspective, the concentration of selenium in background ocean water is approximately 1.7 nmol/kg
.  This corresponds to a flux of approximately 282 lb/d of selenium that is carried into the Bay with “new” ocean water.  The limit of 2.13 lb/d in the tentative permit is less than 1% of the natural flux of selenium into the estuary with “new” ocean water on a daily basis.  Finally, a study of effluent-associated contaminants in sediments adjacent to the diffuser
 found no evidence for the increased accumulation of selenium in sediments in the vicinity of the refinery outfall.

Summary

The premise of withholding a dilution credit based upon an “assimilative capacity” or lack thereof makes little sense when detailed information about the Equilon Martinez Waste 001 is reviewed.  Several near-field dilution studies have shown that rapid near-field mixing is achieved by the Equilon Martinez diffuser.  In fact, it is appropriate to grant a 30:1 dilution (rather than a 10:1 dilution) on the basis of the measured and modeled diffuser performance.  Because of the strongly tidal nature of flow in the estuary and past the diffuser location, tidal flushing is significant, and far-field, long-term average dilution is about 3400:1.  Thus, there is little opportunity for constituents discharged from the Martinez Equilon diffuser to “build up” within the estuary.

EPA guidance
 states that:

restricting or eliminating mixing zones for bioaccumulative pollutants may be appropriate under conditions such as the following:  … Mixing zones might be denied where such denial is used as a device to compensate for uncertainties in the protectiveness of the water quality criteria or uncertainties in the assimilative capacity of the waterbody.

In this case, the effluent limits contained in the final permit are far below current detection limits and significantly lower than chronic continuous criteria (CCC) for bioaccumulative constituents in either freshwater or saltwater.  Additionally, there is little uncertainty regarding the assimilative capacity of the receiving water with respect to the Equilon Martinez discharge.  Rather, a substantial body of evidence accounts for the complex hydrology of the receiving water and indicates that dilution of this discharge is significant and rapid.  

For the bioaccumulative pollutants of dioxin, PCBs, 4,4-DDE, and dieldrin, there is no evidence that discharges from the Martinez Equilon diffuser are in any way responsible for elevated concentrations in receiving waters, sediments, or biota.  Similarly, there is no evidence that enforcing the effluent limits given in the tentative permit for these constituents will result in any discernible decrease in concentrations of these constituents in receiving waters, sediments, or biota.  Any decision to reduce effluent concentrations of these constituents to the effluent limitations in the tentative permit cannot be justified on scientific mass balance principles.  Finally, these arguments also lead to the conclusion that there is no scientific basis for denying a dilution credit for these pollutants.  
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