
Physical

Civil Engineering

201 A

Oceanology

Pat Wilde - Instructor

COMMITTEE ON OCEAN ENGINEERING

COLLEGE OF ENGINEERING

UNIVERSITY OF CALIFORNIA

BERKELEY

Fall Quarter



c

UNIVERSITY OF CALIFORNIA

CE 201A, Fall

Department of Civil Engineering
Div. of Hydraulic and Sanitary En?r.
Instructor: P. Wilde

Week

1

2

3

8

9
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Tentative Lecture Schedule

Physical Parameters

Fundamental Oceanographic Parameters: Position, depth,
temperature, pressure and salinity

Derivation of other Oceanographica Parameters from
thermodynamic considerations

Measurements at sea, Z, T, S, Z-T, arid T-S graphs, concepts
of water masses

Fluid Mechanics

Accelerations on a rotating sphere, Coriolis effect -
Geostrophic assumption cyclonic - anticyclonic flow

Non frictional assumptions - tfargules and Helland-Hansen
equations

Oceanic Circulation

Air-Sea interactions - atmospheric effects - wind belts,
barotrophic baroclinic ocean - monsoonal currents

Synoptic oceanic circulation

Dynamic topography - depth of no motion - transport calculations

Frictional assumptions - Ekman circulation - ocean models

Applied Physical Oceanography

ASW, marine pollution control, marine waste disposal, new
instruments, potential new developments
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Basic Reading List

Fluid Mechanics on a Rotating Body:

Chap. X, XI, XIII
I, II, III, IV

4

Physical Properties of Sea Hater:

Chap. IX. ill, TV', V, VI
II, III, V
3, 5
VII

III, IV, X
5

Oceanic Circulation:

Chap. XVIII, XX, XXI
X

4, 7

XV

6, 7

Applications of Mathematical Models to Understanding Oceanic Circulation:

Defant

Dietrich
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Chap. IX, XV, XVII
VII

IV, V, VII, IX
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OCEAN ENGINEERING

THE ISO-GLOSSARY

A major complaint of engineers confronted by oceanographic literature

is the preponderance of maps, profiles, and charts graphing some "iso"
quantity. In most cases the root of the iso-quantity term can be guessed

by analogy with some more common term. For example, iso-therm (thermometer,

thermister, thermastat - all having to do with temperature) must denote

something about temperature. "Anal" the bright student leaps to his feet

and exclaims, "isotherm must be the temperature at which ice forms." So

much for analogy, as "iso" is the Greek word for equal, not ice.

iso-

isoanemone

isobar

isobase

(Gr. i80s: equal)

(Gr'. Anemos: Wind or inhalation)
Line of equal wind velocities

unit8: feet/second
miles/hour

(Gr. baros: weight) line connecting values of equal
pressure

units: decibar • 1 x 10J dynes/cm*
(1 atmosphere • 1.0133 x 106 dynes/cm2)

independent variables: salinity, temperature

(Gr. Basis: A stepping, step, a base, pedestal) line
connecting areas of equal uplift or subsidence per given
unit of time. Used particularly in glaciated areas with
respect to elastic rebound caused by removal of overlying
ice sheet. '

units: feet, meters

a
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isobath

isochore

.isochron

isocline

isentrophe

isogonic

isogram

isohaline

isohyet

(Gr. bathos: depth) line connecting points of equal
depth, not necessarily sea bottom depths

r

units: meters, fathoms

(Gr. chora: space) line representing variation of pres
sure with temperature at constant volume

units: liters

independent variables: temperature, pressure

(Gr. chronos: time) line representing equal time, usu
ally geologic

units: years

(Gr. klinen: to incline) line connecting points on
Earth's surface with equal dip of a magnetic needle meas
ured from the horizontal

units: degrees of arc

(Gr. trope: a turning, change) surface of equal entro-
phy approximately equal to a surface which is adiabatic
or dQ=0 and since ds=dQ/T, is also isentrophic. For prac
tical purposes, Oq = aT.

un;its: see isopycnal (aT)

(Gr. gonia: angle) line connecting points on Earth's
surface with equal angular variations of the magnetic
compass needle from true North

units, degrees and minutes of arc

(Gr. gramma: that which is written) line connecting
points of equal value of anything = isopleth, which is
more commonly used.

(Gr. hals: salt) line of equal salt content or •.
units: °/oo, ppt, parts per thousand

(Gr. hyetos: Rain) - Line of equal rainfall

units: inches, centimeters

•*y
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isogyre

isopleth

isopycnal

iso-seismal

isostere

isotach

isotherm

Page 3

(Gr. gyros: ring) circular or near circular line conr-
necting equal values of some parameter. For example,
isogyres of the Gulf Stream system may be isopleths of
water transport. Isogyre is used generally in oceano-
graphic terminology for circulation parameters where the
isopleths are near circular

units: variable

(Gr. plethos: quantity, number) line connecting points
of equal value of anything. Preferred but equal to iso-
gram

(Gr. pyknos: thick, dense) line connecting values of
equal density (also isopycnic)

units: nominally ag T p»(ps T p - 1) 1000

more commonly a^ density at given temperature

independent variables: salinity, temperature, pres
sure

(Gr. seismos: earthquake) line connecting points of
equal seismic activity usually decaying in intensity
away from epicenter

units: Richter intensity semi qualitative - log
acceleration (cm/sec2) • intensity/3 -
1/2

(Gr. stereos: solid) line connecting values of equal
specific volume

units: cm3/gm, ra3/ton, or centiliters/ton
independent variables: salinity, temperature, pres

sure

(Gr. tachos: speed) line connecting values of equal
velocity

units: cm/sec, ft/sec

(Gr. therme: heat) line connecting values*of equal tem
perature

units: °C (degrees centigrade)

independent variables: pressure

IO
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C.E. 201A

BAY FIELD TRIP

"Being at sea is like being
in prison, except there is

the additional opportunity
for drowning."

—Samuel Johnson

You are a member of an engineering firm that has been contracted to
survey the waters of central San Francisco Bay to recommend possible sites
for combined discharges of wastes from some of the existing north

San Francisco Bay out-falls. Figure 1 shows the location of the outfalls,
and Table 1 lists the characteristics of the waste discharges of interest.
Figure 1 and Table 1 are taken from:

Storrs, P. N., R. E. Selleck, and E. A. Pearson,"A Comprehensive
Study of San Francisco Bay, 1963-1964," Fourth Annual Report,
Univ. of Calif. SERL Report No. 65-1, 1965.

You and the members of your group using the survey ship whose speci
fications are outlined in Table 2 shall in the time allotted execute a^ ©o-V^al
data-gathering trip to supply the information needed for the -intake site
location study. The equipment listed, with the exception of the water
sample bottles, shall be considered part of the ship's equipment and will
be on board the ship. However, your group shall be responsible for cali
bration, maintenance, and operation of the equipment at sea. Any addi
tional equipment and tools deemed necessary to the operation by your group
shall be brought to and retrieved from the ship by your group. Water
sample bottles shall be provided by each party in numbers necessary for
successful cruise operations.

Each individual shall write a formal report which shall include but
not limited to the following:

1. Abstract - siu******^ ^ -*-JcJzj -»^ult .**•«.. *.««u.-«..l e^i),^*^
2. Purpose of the study
3. Background data and previous work in area
4. Outline of original cruise objectives
5. Personnel on cruise

6. Operational cruise log
7. Equipment used
8. Raw data

9. Corrected data

10. Data interpretation
11. Recommendations on site locations with environmental impact state

ments for each site

^rl2. Lessons learned and hindsight cruise plan
13. Recommendations on possible additional surveys
14. References l>$<;3 bfftw

The report will be illustrated with readable and understandable maps,
graphs and charts.
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TABLE 1

Characteristic Units

102 Stcge Sanitary District

Concentration
load

lb/day
Mean Min. Max.

flow

Temperature

PH

Dissolved oxygen

Dissolved sulfide

Total sulfide

mgd

•c

mg/l

mg/l

ng/l

3.20

19.3

7.4

4.1

0.2

C.2

2.95

16.0

7.2

2.6

0

0

U.34

23.0

7.7

5.1

0-5

0.7

110

5

6

Settleable solids

Volatile suspended solids

Total suspended solids

Biochemical oxygen deaand

Chemical oxygen deaand

Chloride

ml/l

Bg/l

mg/l

ng/l

Bg/l

mg/l

0.2

69

81

109

282

< 0.1

42

48

• 76

220

188

0.7

86

112

145

340

1206

99tt
1840

2180

2920

7560

Jfcenol

Oil and Grease

Cadmium.

Chromium

Copper

«j/l
mg/l

Ms/l

Mg/l

Mg/l

32

10

20

22

2

< 10

< 10

< 10

42

20

80

120

847

1

1

Lead

Zinc

Dissolved silica

Ibosphate

KH3 Hitrogen

MS/1

MSA

ng/l
mg/l

mg/l

14

117

16.8

35.9

22.5

< 10

< 10

12.2

23.4

15-1

40

870

24.6

54.7 .

26.7

3

452

962

603

KO3 nitrogen

Total nitrogen

Collform MPEl/lOO ml

48 hr TIq (fresh water)

48 hr TL,,
(brackish water)

mg/l

mg/l
0.1

29.4

3-7o7

70

86

0.1

24.3

6.2e6

56

66

0.2

37.3

> 2.4e8

> 100

> 100

3

787

4.5*15*

aCu ft/day. ^MTS/day; 4.9e7

n



TABU I (continued)

MEAN WASTE DISCHARGE CHARACTERISTICS, NORTH SAN FRANCISCO BAY

1963-64

Characteristic

103 Stauffer Chemical Company, Richmond

• * -j-^"^^

104 City of Richmond

Effluent Influent

Concentration
Load

lb/day

Concentration
Load

lb/day

Concentration
Load

lb/day
Mean Min. Max. Mean Min. Max. Mean Kin. Max.

Flow

Temperature

PH

Dlseolved oxygen

Dissolved sulfide

Total sulfide

mgd

°C

mg/l

mg/l

•g/i

3-10

17.1

6.1

8.2

0.1

0.1

1-59

8.9

4.2

5.2

0.1

0.1

4.73

23-1

7-9

11.1

0.1

0.1

211

3

3

2.94

17-2

7-2

7-3

0.1

0.1

1-19

9.2

5-9

5-5

0.1

0.1

4.40

22.1

8.0

9-5

0.1

0.1

180

2

2

5-95

19-1

6.9

4.6

5-37

15-8

5-9

1.0

7-97

25-7

8.8

6.2 226

Settleable solids

Volatile suspended solids

Total suspended solids

Biochemical oxygen demand

Chemical oxygen demand

Chloride

ml/l

mg/l

mg/l

mg/l

mg/l

mg/l

0.2

675

< 0.1

65

I238O

1

1250

20000

64a

17200

0.1

803

< 0.1

254

13570

0.2

1350

18130

49B

19100

0.6

113

148

193

481

< 0.1

42

66

100

145

229

1.6

176

232

430

• 1140

590

527*
5620

7350

9960

24500

Phenol

Oil and Grease

Cadmium

Chromium

Copper

Mg/l

mg/l

Hg/l

Hg/l
Hg/l

10

50

23

< 10

< 10

< 10

20

100

140

1

1

< 10

35

22

< 10

< 10

< 10

< 10

90

80

380

44

18

14 0

23

110

28

< 5

< 10

< 10

845

86

130

1400

110

19

2160

4

7

l

Lead

Zinc

Dissolved 6llica

Phosphate

NH3 Nitrogen

ng/l
Mg/l

Bg/l
mg/l

mg/l

22

245

10.6

< 10

< 10

2.1

100

1500

35-0

6

252

12

18

4.8

< 10

< 10

2.1

30

60

9-2 118

56

162

20.6

31-9

20.4

< 10

< 10

11-9

13.4

12.3

220

1400

49.7

56

31.8

2

8

1010

1590

1000

H03 Nitrog'-

Total nitrogi

Colifora MPN/lOO ml

48 hr TI^ (fresh water)

48 hr Tlfc
(brac'/.lsh water)

mg/l

mg/l

> 100

> 100

> 100

> 100

> 100

> 100

0.4

23.5

1 • 3e5

58

70

0

16.0

< 4.5el

24

25

1.0

40

>2.4e8

> 100

> 100

22

1410

6.7el3b

*Cu ft/day. bKPN/day; 4.9e7 = 4".9 * 107.










































































































































































































































































































































































































