[image: image1.wmf])

(

)

(

S

S

S

Q

Q

Q

Q

Q

Q

o

o

f

e

f

e

o

d

-

+

=

+

+

=

Attachment A

Qualifications of Susan C. Paulsen, Ph.D.

I am employed by Flow Science Incorporated, an engineering consulting firm with offices in Pasadena, CA, Lansdale, PA, Charleston, SC, and Harrisonburg, VA.  Flow Science provides consulting services to industry, municipalities, and governmental agencies.  We have specialized expertise in a variety of technical areas, including turbulent mixing and diffusion in rivers, lakes, estuaries, the ocean and atmosphere, particularly for cooling and wastewater discharge analysis and design and including comprehensive modeling of Bay/Delta systems.

My academic education includes a Bachelor of Science with Honors in Civil Engineering (Stanford University, 1990), a Masters Degree in Civil Engineering (California Institute of Technology, 1993), and a Ph.D. in Environmental Engineering Science (California Institute of Technology, 1997).  Included in this formal education were courses in fluid mechanics, hydrologic transport processes, and aquatic chemistry.  My Ph.D. thesis focused on using the distribution of chemical constituents and flow patterns in natural waters to understand and solve specific environmental problems.  As part of this research, I conducted extensive sample collection within the San Francisco Bay-Delta System, established the elemental “fingerprints” of water sources to this system, and used this chemical information to determine the source of water and salinity and mixing patterns within the Bay-Delta estuary.

I am currently a Senior Scientist at Flow Science.  I have also worked as a Staff Engineer at Dames & Moore.  My work experience includes designing and conducting studies of dilution and dispersion of discharges in a variety of environments.  I have also conducted hydraulic, hydrologic, and water quality analyses for stormwater runoff, NPDES permitting, irrigation, and wastewater and industrial process water treatment facilities.  Specifically, I have conducted field studies and analyses of issues relating to water flow, water quality, and mixing patterns in the San Francisco Bay-Delta estuary.  These studies include an intensive study of the mixing of copper in the upper Sacramento River, a study of tidal flushing in the Napa River estuary, and a number of studies that included tracer addition, field sampling, and analysis to determine mixing of wastewater and agricultural effluents within the Delta.
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(From Fischer et al., 1979.  Mixing in Inland and Coastal Waters.  Academic Press:  Orlando, Florida.  At p. 266.)
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Attachment C

Calculation of net dilution flow
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Following the methods in Fischer et al. (1979), the net dilution flow Qd can be estimated as:

where 
Qd is the total flow available for diluting the effluent


Qo is the circulating flow of ocean water

Qf is the freshwater flow from all tributaries upstream of the effluent discharge point


Qe is the effluent flow rate


So is the salinity of the ocean outside the estuary


S is the salinity of the estuary at the discharge point.

For this analysis, the following values were used to calculate the average dilution flow:  the salinity of the ocean outside the Golden Gate is approximately 33 parts per thousand (ppt) (SFEP, 1992); the average annual effluent flow rate for the Equilon Martinez diffuser as given in the tentative permit (6.7 mgd) was used; and 120-day averages of salinity and Net Delta Outflow were used to estimate a range of net dilution flows.  Thus, the values in the table below span the range of expected net dilution flows.  The last row in the table below represents long-term average values of NDO (averaging period 1984-1999) and salinity (averaging period 1996-1998).
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Figure 7.21 Tidal exchange ratio at the mouth of San Francisco Bay versus flood tide range.
[After Nelson and Lerseth (1972).]




	Qeffluent
	Ocean salinity
	NDO
	Salinity at Martinez
	Net dilution flow
	Dilution ratio

	[cfs]
	[ppt]
	[cfs]
	[ppt]
	[cfs]
	--

	
	
	
	
	
	

	10.4
	33
	4,500
	18.5
	10,265
	987

	10.4
	33
	6,500
	16.2
	12,788
	1230

	10.4
	33
	9,500
	15
	17,436
	1677

	10.4
	33
	13,000
	10
	18,667
	1795

	10.4
	33
	18,000
	10
	25,841
	2485

	10.4
	33
	25,000
	6.4
	31,028
	2983

	10.4
	33
	31,500
	8
	41,594
	3999

	10.4
	33
	60,000
	0
	60,010
	5770

	10.4
	33
	42,000
	11
	63,016
	6059

	10.4
	33
	120,000
	0.6
	122,233
	11,753

	10.4
	33
	Multi-year average

25143
	9.6
	35,473
	3411
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[image: image8.wmf]120-day average values of Net Delta Outflow (NDO) and salinity at Martinez
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