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A AVOID:

1. Areas with extensive offshore recfs

2. Zones with shallow deptn.profiles

3. Embayments with onshore gyres or little flushing and/or
dispersive capabilities

4. Zones requiring costly construction neads, eg., across reef
areas or lengthy surt zones

5. Areas with existing or potential recreational usage

6. Actual or potential fishery regions
7. Sites exhibiting upwelling
g

. Poor offshore bottom stability or soil characteristics

9. Areas with strong alongshore currents

10. Sites with strong onshore winds or suriace currents
11. Areas susceptible to adverse ecological impact s

12. Locations of aesthetic value

B. LOOK FOR:

1. Areas with steep depth profiles

L

. Predoninant offshore current or minimum onshore currents

2
3. Sites near to existing or potential population centers
4. Areas of minimal recreation potential -

5

. Nég1igib]e fishery potential ) , ’

6. Sandy bottom material offshore

7. Level bottom areas offshore

8. Lleast costly of alternate sites

C. OTHER CONSIDERATIONS:

1. Disruption of shoreline area by outfall construction

2. - Development potential for area

3. Onshore construction impediments

4. Political considerations
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CINITIAL DILUTION (So)

Dilution Mechanisms

(T) InTtial Dilution (So):

{2) Surface Dispersion (Dy):
(3) Bacterial Die-oif (Jg) .
Total Dilution = S, X 92 X D3

Calculate from

Ca1cu1atelfrom
Calculate from -

3

E ot =% =,

o LLTTAT Do T

. Dilution Range(s)

ol o5 8

¥4

S, 20 - 200:1
D, 2 - 10:

PHYSICAL DILUTION .{D

2)

Rawn et al Piot -
Fan & Brooks Plot
(c) Program PLUME
chnaraﬁon s 4/3 Lay
C=Coe Co e~ \'/
" Co = coliform concentration after 1n1t1a1
dilution (x after growth factor)
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FIGURE
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Factors Affec ting Initiai Plume D1!uLlon> So

()

(2)

(3)

(4)
(5)
(6)

-~
-~
S

Discharge Depth (Ya)

Initial Jet Velocity (V )
Function of: Flow/ rort
PorL Drameter

Dischurqe'Anjle (9)‘
Optimum Ang]o is Horizontal

Amb]eﬁb ‘Density (PA)
Effluent Density (p)

Froude Number (FQ)
T UniEFGP

37”%@3 AV

Fo - Indication of Initial-Jet Momentum
> Fo 2 Horizontal Trajectory of Plume

Ambient Stratification 4
Indicated by Density or Sal1n1tJ/TerDerature Profiles
2 Stratification<Chance of Plume Rising to Surface ’
o Stratification, Plume will Rise Indefinitely

Ambient Currents
Onshore Surface Drift
dpwelling
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Lase I: lethods of Increasing Dilution

Data: Q = 125 lGD

Y, = 108 Feet

D = 6.0 Feet

\'4 -

lo/D - ]8 .

P!Ot Yo n vs: Fo shows_ initial

F,  =3.0 ditutioAD (5,)° = 101

Cbjectives - '

Achieve an initial dilution (So} of 40 : 1

Avai}ab1e-0ptions:

(1) Option B: Increase discharge depth with constant
design :

(2) Option C: Construct A diffuser; increase the ,
number of ports (N} but decrease port
diamater to insure constant jet velocity
(VJ); all other parameters constant

(3) Option D: Mo diffuser; decrease outlet diameter
(D); all other parameters constant
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Case It~ Analysis Results

Methods of Increasing Dilution

Option Yo/D - D S ho. of

(Feet) . (Feet) Ports ’ Comments
. (N)
B 49 6 ' 294 . 1 - -Must Increase Depth of Dic

charge to 294 Ft.

C " 58 1.806 108 10.4 Must Design a Diffuser Ha
: : (]0 or 11) 10 or 11 d]S»na“ge Ports
a Diameter of 1.858 Ft. to
the Singlie Port (Qutfall |
6.0 Ft. Diameter

D : 46 2.35 108 1 Must Decrease D by Trial ¢
o ' Error to achisve So =,40
- Calculated Port DwamoLer (
D=2.35 Ft. Required to ¢
-this wi1 increase v from
ft/sec to 44 ft/sec.

Conclusions:

(1) Option C Appears to be most feasible solution; = .
Involves only the construction of A diffuser

4

(2) ODL10n B Requires extension of the outfall itself to a depth of

)94 feet.

(3) Option D Requires excessive initial jet velocities aﬂ!asso 1ated g:C“I(
head loss and punp capacity.



Case I: Pert Spacing Requirvements

Data: G = 125 }GD
Yo = 108 Feet
D = 1.86 Feet Y, /D = 58

Objective:
Determine mlﬁ1mun a1]owau1e po;t spacing to prcvcnt
pluma overlap. v
§91Qtioh: |
(1) From Plot Yo/ vs.vro, Fo = 5.5
2VZ K Yo/p = 0.23 (58) = 13.4
(2) From Plot 2V 2 Yo/D vs. 2VZ =\ Xo/D,
/D = ' '

{3) Plume width at surface will be 2w or 2(11)D
= 4} Feet .

Ports must be spaced a minimum of 41 feel apart
on the same side of the diffuser to avoid plume
interference

Note: Ports may also be placed on alternate sides of
the diffuser at a spacing of 20.5 feat.



LCasce Study I ¢ Port Spacing ' X

50

;?
40 T
|
o 30 H-
o
¥
Y
20 L
n ROUND JET
3-4 'd - OO
(HORIZONTAL)
10! ~ .
- NOTE:
b/bo=w/i
0. ; . _ )
20 30 40 50 - 60 7(

2 /2 «X/D

TRAJECTORIES AND HALF-WIDTHS (W)
FOR HORIZONTAL ROUND JET
INTO STATIONARY UNMNIFORM ENVIRONMENT
(AFTER BROOKS o« =0.082)



Case I: Surrace Disparsion

Data: Q = 125 KGD
Yo = 108 Feet _
Current velocity (v) = 5.0 ft/min. = .083 ft/sec

Diffuser length normal to current = 410 Fest

Objective:

“Determine dilution (DZ) provided by surface dispersion

Solution:

Ocean Dispersion Coefficient (Fo):

. 4/3
Eo=0.00 L 7% (oS Units)
_ ' _ N 473
= 0.01 (410 x 30.5 cm/ft)
= 2890.3 - cm/Sec
= 3.1 Tt/sec
B = 1260 = 12 (3.11) : )
ub 083 (410) - S .
= 1.09
Bx = 1.09 (3280)
b 410

"

8.7
From Plot Co/Cmax vs. Bx/b:

Surface Dispersion = 13:1
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INPUT DESCRIPTION (IPH 360)

Data input for program P L Uil B consists of the followin

records (see Figure ])

Initial Conditions

Format: (2L, 13,.F5.0, 7F10.0) -

Field Column _" : : _ Qéggription

1. 1 Leave blank- )
. \ sty > —T -

2 ' 2 Logical: T (true)=lKS units; Blank=FPS un
3 3-5 Humber of ambient doh:iiv points to be

entered, < 50, right 3u9u1fy (do not use
decimal pownt) :

. ] . N . . ' /
4 6-10 Anale of port orientation from horizontal.
degrees. )

11-20 . -~ . Port diameter.

5
6 21-30 | Vertica? distance between‘water surface ar
outfall port center]ine (port_depth).
7 31-40 ‘Donqwtv of _effluent in grams per. cubic
‘ centimeter. - :
8 41-50 Leave b]ank. ' f_
9 57250 Total volumetric flow rate.
10 o 6]»70 | Humber of norts. |
11 71-80 Desired data printout interval along plume

centerline.

Densiggr(s) P:ofw]e Cards

O
-
i)
oW
4
-1
-
ct
{
a8
N
¢
[
B}
wm
)
)
-
—
-
oh
4
4
v
‘
B
t
!
N



6

One set of paired depth and density values is entercd on eech ca
(<]

starting at the surface. I awbient density is constant with de

use only cne card.

Format: (3FTG.O)

Field Columri . " Description
. I
1 1-10 - Depth (distance measured from surfaccéo)
2 11-20 ‘ D@nsitv (or temneré{uré, in degreesﬁgéisil
. 3 : 21-30 : Salinity (in parts pér thousand) but entm

only if temperature is entered in columns
11-20. Othenwise, blank. You must use a
non-zero salinity if temperature is used.

Any number of additional cases may be run by providing(addii

sets of input data cards as described above.
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FIT.  QOceanograpiic Study Requircinents

A. Basic Objectives: To determine the physical/chemicnd,

biological and hyu>0Q~ncn1c conditions at either an existing or
proposcd dispesal site in order to access critical conaitions with
respect outfall/diffuser design and to establish baseline conditions
Tor future trend analyses.

B. General Requirements:

1. Determination of critical condwtiog§_for ocean outfall/
diffuser deisgn by consideration of :
degree of stratification
Supwelling - o
freguency and magnitude of onshore winds
frequency and magnitude of onshore currants
seasonal or periodic changes in any of tihe above

2. Analysis of plume traﬁsport and dilution mechanisms
unaer critical conditions 7nc1Ld1ng an evaluation of
adverse biological effects '
compliance with water OUA]1ty standards at

(a) the maximum point of plume rise above Lhe
discharge point : :

(b) the Class SB-SC interface (if applicable)
erfects on designated water usage

3. ~pumwauon of diffuser design to maximize initial

dilution at the proposed discharge location.

4. A recommended outfall and diffuser design with the
rationale for the proposed outfall length, routing,
dischargs depth dnd an;Fuser Lypg, orientation and

design.
5. An assessment of the existing (baseline} ecological commun
including a determination of the tollowing

d

benthic biota ,

viater column biota

surface (photlic zone) biota
sensitive indigenous organisms

indigenous biota of econemic finportance _
general interrelationship(s) of major indigenous
seasonal changes or natural . progressions in biolc
system. '

6. An analysis of wastewater characteristics including an
evaluation of chemical prup“tt10§
potential for acute and/or chronic toxicity to indigenous
biota
potential for aesthetic degradation




(6]

fin ow»rd]l assessmant of the (rfb_i of the pronosed

d?%(dukUL and construction activity on indigenous biota,

goeneral water quality end westhetic conditicns in the
study area. : :

. Field surveys, datz analysis and literature research

determine

. hydrodynainic chatactcrnsi1&s of study area
meteorologic conditions immediately prior to
and during surveys.

baseline b:o]oJ1CP1 cond1c|ons

Tocal bathymatry

bottom geology-



C. WHaste Charactevrizatior

t. General Considerations

a. The waste characterization program shovuld provide
a_set of minimum_initial dilution (Sa) raauircmapts
to preclude water quality standards contravenition
acute or chrenic toxicity to indigenous biota
unacceptable aesthetic degradation

b. Mhere no existing discharge is available use szmples
from similar municipality and/or ]]Lefnbhle ros"crch
to estimate efflu~nt characteristics

¢. Toxicity studies should be run with both primary and
secondary chlorinated effluent on sensitive and/or
economically important shecies dbte1m1ned froa the
biological survey :

2. Chemical Characteristics

a. Samples routine chemical parameters, eg.,

BOD5 Kjedahl - H
COoD : Nitrogen series
PH total phosphorus
Color _ orthophosphates
total solids total phosphates
volatile solids total coliform
turbidity fecal coliform

" metals ‘ dissolved oxygen
transparency suspended solids

and all parameters for which there are water
quality standards in the disposal zone

b. Develop and/or utilize past research to determine a
statistical frequency record of effiuent total and
fecal coliform concentrations for both primary and
secondary ch]orinaued effluent (see plot of effluent
coli. vs. % time € )

c. Estimate coliform aftergrowth factor from actual
analysis or past research; ranges usually from 1.5
to 3.0 times the initial concentration

d. Determine initial dilution(Se ) rtqu1req to maet E.
coli. or fecal coli. standard at both the
(1) maximum point of plume rise and
(2) Class SB-SC interface (if applicable) under
90%, 95% and 99% occurrences
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3. Biclogical Toxicity

a. Select sensitive or important indigenous species
" as noted in the Biological Sur»ey section for bioassay
studies; recommends mimimum of 3 spacias.

sts with
ent under
our madian

b. Perform short-term (acute) toxicity t
primary and secondary chlorinated eff
varying dilutions. to determine the 96~
tolerance limits (TLy) :

es
i

4
h

c. Acute Toxicity - devc1op plot(s) of effluent dilution
vs. % dieoff for each bicassay spacies and research
Titerature to determine actucl 86 hr. - TL_ to quantify
the acute toxicity of the proposed effluent to each
of the control species.

d. Chronic Tox 1c1ty ~ adjust the initial d11ut10ﬂ‘<‘
(So) required for the 96 hr - TL by the following
bro]oo1ca] "safety factors" to 1nsure against long-

rm (chrow1c) toxicity: :

Substance Factor . .
4

Heavy Metals - ' 1:100

Amonia 1:20

Cyanide 1:10

Sultide 1:20

Non-cumulative 1:10

Cumulative 1:20-- 1:100

The most str1ng°ut initial dilution requ1remewt
determined from this proceduire should brovide an
additional minimal dilution constraint for the
diffuser design and location. :

4. DNesthetic Consideration

.

~ : . . . o, . s )
a. Pevform laboratory dilution tests with ambient waters
to determine initial dilution (So) required for

a. Plume indiscernibility
- b. Secchi disk visibility at 1 meter depth



TOX(CITY AND "‘?QUIRED DILUTION OR NU\‘ICTPAL
. ‘D

WASTEWATERS ATTER T

REATMIENT

Process Effluent

Mean Toxicit
Tesxic ths

Relative Dilution

Required

Primary

Activated Sludge,
Std. rate

Chemical Precipitation

Chemical Precipitation +
Amrmonia Removal ox
Soxption

Chemical ]'-"’rcci it ton 4
Ammonia Removal -
Sorption :

Chiorination (Drlmaz y
Eif,) (‘) rq“/ﬂ)

Chlorination (Prlmary

L) (2 me /)P

hlorln vfion-Dechlorination
(Primary Eff, )

Chlorination—Decﬁlorina’cion
(Chemical Ppt. EifL)

2,21

<0. 52 {0.78)

i

1. 28

<0.8 (=1,0)

<0. 52 (0. 83)

0.0

50

1.0
<0. 24 (0. 35)

0.6

<0.35 (0.45)

<0.24 (0.4

Epomicitics bo’l ovr one toxic unit were cshmm.c,d from observed

mmortalities.using the binomial function and Figure 27,

The two

values are the rnost probable toxicity concentration (MPTC) and
the value for the upper 95% confidence limit.

bRc< idual chlorine controlied at this level bofore co;ﬁmct
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TOXICITY OF CHLORINATED EEFLUENTS
Toxicity, 96 hr TL _ Total . Toxicity, Toxic Units, T, =
Beiore ~ Residual! Chlorine Before -
o Chlorination - Nfter " Before Contact = Chlorination After
- Effluent ' Range Chlorinaticn (rag /1) Ronge Chlorination

0.35 1 ‘ \
. _

j-
DN

. - , S 0.17 2 ' 6

tivated Sludge S l.Q , . 0.05. 'g,S 0.48-1.2 l;
N | .72 2 NN 1.4

emical Precipitation 10;84~O.68 - 8.06 5 1.2-1.5 20




. Past studies indicate that generally 50:1 ditution

required for secondary effluent and 2C2:1 ditution

is required for primary esflucnv to render plumes
1n01wC“YﬂeD]C.



D.

Fi

eld

Survey Raqln‘ remants

1.

Geperal Considerations

d.

o d.

The sclection of a specific - field survey program should
considar at least the
n“dnxrw“c and toxicity of the discharge
sensitivity and economic importance of local b.oba
proximity of recreational areas
geneial hydrology of the area
ovarail budget coﬂsbratnts for such work

]oca1 veef or ph0>ﬁﬂo“e>cent bay areas ~-- move intensive
biological survey> and bioassay work -
upwelling or strong onshore currents --- more intensive

hydrodynamic work

At Jeast_one(1) survey should be undertaken during the
critical p=2yicd of the year, i.e., when

expacted initial dilution is minimal

onshore currents are strongest or when

Tocal bxota is most vulnerable to adverse effects

In.all cases, maior items of immortance are the definition

~of the.

degree of stratification (and seasonal changes, if any)
local hjdrodynaMics ‘
most sensitive indigenous species and the

general baseline biological community

Genern]ly for any significant discharges recommend a
Janinimum of

2 hydrodynamic {current Veter) studies

2 vater quality studies v

1 bentnic biological study :

1-4 water column biclogical studies

1 bathymetric survey

1 geologic survey 4

2 meteorilogic ¢ surveys (concurrent w1Lh hjurﬂd mic work)
far_the field survey veguirements




,

2. Mater Quality Study

a. Routine Chemical Survey

(1) Recommended baselineg parameters and samnie _depths
are as follows: - -

Temperature (vertical profile)**

Satinity (vertical profile)**

Secchi Depth®

Dissolved Oxygen®

pH*

“Biochemical Oxygen Damand®

Suspended Solids*

Turbialty+

Total Organic Carbon* .

Nitrogen Series (Organic M, My - N, HOQ *
Phosphorus (Total - Filtered and UnfiTtere d)*
- Coliform Bacteria (Total and Fecal)*
Chlorophyli "a"* :

Inorganic Nitrogen*

Total and Fecal Coliform*

“Heasuremants Below Surface Above Bottom and at Mid-depth
*Hieasurements at 10 feet intervals /

(2) Chemical surveys generally include
orid szmpling paticrn
3.to 6 transects. pﬁrpondxcu1ar to <%orol|ne
15 10 25 semple stations, or more

b. Stratification Survey

(1) 1In addition to routine chemical samples, further
cglngAlQn_gf_sﬂllnle_end Oﬁnﬁrﬁfnr“ data should
undertaken at as many additional stations as possible
at 10 Tt depth intervals S

c. Metals Survey
(1) Recommended has DAram tﬁ~s are as follows
mercury zinc nickel
“ - cadmium Tead pesticides :
copper: arsenic  petroleun hydi-ocarbons
chromium selenium organohalegans
beryllium - vanadium

(2) Sample at a minimun of 1 statien in study arca at the
surtace, mid-depth and bottom



2

3. Hydrodynamic Survey

d. L)

(1)

(2)

aenzral Con<1d’rui107f

Tha study should dafine the maior Transport machanis
which will act on the discharge plume. Study shoul
d,uﬁYw_ln’ <P°CJJ:UQS”FQDC51J"‘H“

vertical velocity gradients

prevaiting current patterns both at surface and in
the water column '
quency and magnitude of onshore current{s)
stence of upwelling phenomena
surface d1sper>1on character15t1cs

freg
exi

Each survey should inciude, as a minimum,
continuous current. mater slud1es
siunface drifter studies
bottom droque studies
over a 20 to 35 dav veriod
recommends frequency: 2_surveys, all discharges .
> 3 surveys for major dischargas

b. Survey Specifics

(1)

(2)

Current moters

self-operating; ancnored to bottom
records apwrxoimate]y every 5 minutes

recorranded_nintnum progrem:

3 current_useter stations
2_current meters per station: 1 at - 5 meter'HWL
T at 5 met Grs off bottom
conticuaus operation _for 30 to 35 days
locate 1 meter sufficiently offshore to avoid local
effects
repeal Tor 2 _surveys

~

Surtace drifters

short-term (1 to 3 day) studies
record on approx. hourly intervals
usually 5 gallon bouyant juys
can correlate results with u1nd qtud1es
recommendad_mininum program
Lor 2 releases at a few stations
do during current meter oneration
preferably release concurre lilxahllhngLIQﬂLﬁﬁIKnLﬂ
repeat for Z2_survevs




(3) L:O‘_L_.*L—)‘._.x_ urd("'“

short term (1 to 5 day) studies

provide Targe scale mass movement of water

can ba suspended from surfuce float and recordsd hourly

recosmandad pinticue progran '
Samg _as surrace uw*ftﬂrs

(4) Dye Studies
optional
can be used to determine surface o1spﬁrs1on and
wind effecis

c. Miscellaneous Review Items

The oceanographic- report, should include the following
itens : ‘ :

(1) Discussion of general cireulation natierns in study area

(d) Discussion of mosk c__slznl.cnshq;aJJqleL&xmuxujJQN° .
with magnitude(s) and expacted duration(s)

(3) Discussion of seasonal and shorter term periodicity,
‘eg., day-night surface current reversals, in curvent
measurenents.

(4) Proaressive vector diaarams fo: each current meter
during each survey

(5) Polar coordinate histogram for all meters

(6) Man{s) with droous/drifter transport patterns

(7) Dve disps Ehiﬂa,plQLﬂ (c/cs vs. distance) if studied”

(8) Tidal stage .readings for survey pariod(s)
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4. Biological Survey

(1) The stnny should ggf’Lﬂvnﬁ the cuﬂ“ﬁ”iﬂr’<tL&*,Q _the
existing hiological compinl in botn the water celumn
- and the hﬂnthic region. Spacific items to be defined

are

sensitive indigenous SPh(1e>

indigenous biota of economic importance

location of sensitive biological communities

interdependence of observed species

seasonal progressions of biological organisms’

baseline biological conditions for futurz trand
analysis.

b. Determination of Bioas§éy Organism(s):

{1} Generally select at least .
1 benthic organism (if reef arca, consider ceral)
1 water column o.gan15m /usua]]v Z0C-0r pnyLo;lunkLon)
1 surface organism { < 30 ft. depth) and ’,
possibly 1 finfish species : '

(2) Consider the following items in seiection
overall expected sensitivity ot specie
economic importance of species 1tse7f
significante as a food source species
- reef building organisa(s)
most sensitive life stage, eg., larve, ega, juvenile forme

c. Water Column Survey

{1) Co]]ecc1on depths: surface
mid-dep
b

(2) Equipment and parameters:
plenkton met - phytoplankton
bongo met - zooplankiton
Miksin bottle - phytoplankton, ZOOﬂTCnKton and’ chemwca!
samp]e ;

(3) Frequency:
1 run_per seas
B _to 4 rupns_may bn needad to define scasonal
changes

d.  Benthic Survey

(1) Humber of Stations: miniwmun 5_stations adequate



(2)  Frequency: 1. run usualiv adeguate espacially

)

if reetarea; probably static comnunity

(3) FEquipment: biological box-corer
: tow dredge .
rab sampler - Van Veen, lcintyre



Geologic Survey

a. “General Considerations

(1) The g2ologic study should UQLQ“ulL the
physical ChaFquC)lSLlﬁs of the overlying bottom materia
deptn of overlying deposits
location(s) of reef areas
general bottom stability '
outfall anchorage requirements
J neral de31r bility of alternate outTall routings

b. ~Survéy Specifics ' o -

{1). Recowmnendad sediment paramsihors to be evaluated are
- as tollows: -

grain sjze distribution. _' TOC
volatile solids ' ROD
trace metals ‘ CoD

synthetic organics, eg., DDT sulfides

(2) Sonar (“"boomer") soundings may be used to determine
the depth of botton deposits; soundings should ba
undertaken along as rany fransects as possible

(3) Core semples may bz taken to verify sonar
readings (optional)

Bathymﬁury Survey

a. General Considzarations !
(1) DRepth_sourndings should be taken JLELLKLLJlAJY
transects_as possible in sLuay area
(2) Bathymetric map scale: 71:25,000 to 1:10,000
5 meter contour intervals

Meteorology Study

a. General Considerations

(1) The m’ie~r01031c study should include
correlation of wind and surface current patterns
discussion of ceneral meteorlogic conditions in the
study area and effect on hydrodynamic regima

(2) Trequency: 2 or more gage periods
30-35 days each
operation during current meter studies




IV, Qceanographic Study Requivements - Review Checklist®

Ao Existing Study Area Characteristics

1. Here survcys undertaken for
instrcaﬂ vater quaiity?
iatey column biota?
benthwc biota?
sediment chemical characteristics?
sedimant physical characteristics?
hydrodynamic characteristics? surface curvents? bottom current:
bathymetry :
geologic characteristics

2. Did the instream water quality surve s define . :
routine chemical characteristics at the surface, wid-depth
and bottom? ‘ ' :
degree of stratification?
baseline matal concentrations?

- salinity and temperature at 10 ft. depth 1ntﬁwval at as
many stations as possible?

3. Did the b1o?og1c31 surveys define
sensitive and/or. econo*wca]ly aportant spe ies? ,
phyto - and zooplankton populations? diversily indicos? .
benthic organisms? diversity indices? identificalion of spacie
water column and benthic species density?
major indigenous finfish?
majovr indigenous bottom fish?
seasonal changes in biota?
general predator-prey relationships?

4. Did the sediment studies determine
' grain size distribution?
trace metals concentrations?
volatile solids concentration? : .
pasticides? synthetic organics? '
TOC? BOD? COD? sulfides? P

5. Did the hydrodynamic studies include
continuous current meters at a minimum of 3 stations
with surface and bottom maters for a duration of at
least 30 days? .
surface drifter and bottom and mid-depth drogue studies?
progressive ector diagrams for all current matiers?
maps of drifter/drogue releases and retrieva 1¢f
current histograms for all meters?
a minimun of 2 survey periocds for meters, drogue and
drifter studies
consideration of local onshore gyres or upwelling phenomena?




coordination of droguz/dirifier studies with meter operation?
consideration of most probable oritical poriod in iho year?
tidal stage readings?

definition of nUSL nyevalent @ Pd most critical current
conditions for diffuscr design?

definition of most desirable o1f:usor Tocation from probable
plume trinsport considerations?

the overall desirability of the study arca for outfail
siting brged upoa existing hydrodynamic conditions?

- .._.1<

6. . Did the geologic studies dafine

Tocaticn of ali reef areas?

possible impadiments to cutfall construction?

potential anchorags probiems?

most desirable outfall routing(s) and diffuser location(s)
from g°o1och considerations? '
depth and stability overljtwo bottom naLnr1uTsf

B. Miscellaneous

Did the st&dy include

1.

9.
10.
11.

12.

o]

J.
14.
15.
16.
17.

18.
19.

A YCCOWMdﬂduLTOW Tor a Spec1F1c diffuser /oua fall rouban,
design and location JUGE?T]Cr:10n7

Diffuser optimization by varying portage, flow/port, discharga
depkh etc? ' g
Use ‘of Program PLUME?

Def1n1t1ﬁn critical conditions with respect to siratification
onshora winds and currents

Definition of seascnal changas in strat:n1cut7on and
hydrodynamics

Calculation of plume d11uu1on under critical conditions
Compliance with coliform standards at the maximum point
of plume rise? at the SB-SC interface (where applicable)?
Consideration of effluent toxicity and aesthetic requirements?
Coinpliance with these xeoulreﬂencs at maximum point of

plume rise?

Consideration of coliforam dftergrowth in ana]ySes7

Statistical plot of coliform concentration vs. % of time £
Chemical analysis of existing discharge or a s P?]ur ’
viastewater? :

A meterologic study during surveys with wind histograms

and PFOQYQSS]VE wind vector diagrams?

‘A bhathmetric survey and a map of depth p;of11\° in study area?

A discussion of probable construction effects on local biota?

Toxicity bioassays on sensitive or economically impoirtant specie

etermination of 96 hr - Tl for cach test spncwes?

Plot of effluent diluticn v< % dieoff Tor each test species
for both primary and secondary chlorinated effiuent?
Definition of the most sensitive test species?

Definition of the projected critical effluent choracteristics
and hydrodynamnic <ondiu1o e used in the determination of

the required cutfaill length and diffuser design?

e ! d

rgm s e s e =

R




Diffuser Design Considerations

Ao Basic Oblectives
1. The diffuser should be designad to maximize the initial

dijution(s} -in order to comply with water quality standards and

meet biological and aesthetic requirements at both -

a. the maximum point of plumz rise above the
diffuser and : .
b. the SB-SC interface (where applicable)
with minimal capital cost, head loss and jet interference.

2. Optimization techniques using Program PLUME should be
employed to evaluate variable diffuser designs to meet above
objective. ‘ -

B. General Review Considerations

1. Diffuser should be oriented perpendicular to the predominant
enshore current vector{s) ih order to provide maximum effective
plume width normal to such currents; appropriate diffuser types ave
as tollows: ™ .

Y-shaped random current pattern(s)
T-shaped predoninant cnshore current
I or splitY predominant longshore current

2. Diffuser site should be as level as possiblé

3. Diffuser design should maximize flow uniformity between

4. A1 ports should flow Tull to prevent seawater intrusion

5. AI? ports should discharge horizontally but may be
alternately located on different sides of the ditfuser

6. A1l ports should be circutar and bell-mouthed on
interior edges to minimize head losses

7. Port spacing should be targe enough to prevent any
Jet merging and resultant reduced dilution(s) in the zone of
plume bouyancy.

8. Diffuser ends should be removable for general maintenance and
sediment flushing. - :

9. Tapered diffusers and variable port sizes can be used to
provide both minimum desired interior velocities and flow uniformity



10, Usually, greater initial Froude numbers(k) for
the discharge induce wore entrainment of ambient waters into
the effluent plusnz, a 3re1tc“ horizontal trc]CCLOIj of the
plume and a smaller plume rise at any given distance along

the arc of the plume trajectory.

C. Specific Besign Criterig

1. The sum of ail diffuser port areas must be !ess
than the cross-section area of the out:a]l itself in order
to insure no intrustion of sea water .sinto the diffuser structure;
the optinmum ratio of total port are J,out:all Cross- sncL1on has
been shown to be between 1/2 and 2/3. :

port area = (1/2 to 2/3) x (outfall cross-section)

2. The sum of the port areas offshore at any point in the
diffuser must be less than the diffuser cross~section area at
that point. :

3.0 A1 circular ports must have an F20.59 in order to
flow full; an F 21.0 is generally adequate for design at Tow
flow periods.

4, Minimum velocities of 2 to 3 fps are required for
settied sLJﬁgc at average design flows to preclude sedimentation
in either the outfall or diffuser structure.

5. Required jet velocities are-as follows:

1.0 ft/sec (for 211 Tlows)
20. ft/sec (for concrete diffusers under
maximem daily design flows) .

Vi

N i

6. Port diamster (D) criteria are as follows:

a. Port d‘d“atcr(D) £ 1/4 manifild cross-section
at any point along diffuser

2 2 to 3 inches in all cases
b. Typical range is 4 to ¢ inches

c. Port diameters are usually;larger for primatj'
effluent to prevent c?ochng and excessive
mainicnace



. IF diffuser is tapered port diamsters goenevelly
increasc in size towards the diffuser (,Jluhead)

to insure Tlow uniformity.

7. Port spacinu{l) criteria to predude jet interference
Terging)

a. Port spacing(1) 2 10 x (port diameter)

JPL trajcctory (L)/6

b. Typical spacing range is 8 to 15 feet (c.to c.);
average is 10 feet : :

¢, Mhen ports are on the sama side of the ditfuser,

- jet interference has been observed at a distance
along trajectory of 2.5 to 3.1 L. ‘

d. For ports on alternate sides of the diffuser,

" merging has been observed above diffuser \*an
the Frouds number (FO) was in range 10 to 403
generally, greater Froude numbers prevent jet
merging above the diffuser or increase distance
above diffuser that such merging might occur.

Parameter Definition:

ko = Froude number
D = Port diameter
L = Tragectory length along plume  to maximuin point

of rise
I = Port spacing’
Jet velocity

=
<,
H



o e . i ey s .
V.o Ozgan Ouifeld Bosian and Consipuction Considerations

h.

3

a. Structural

viave prassura2 effects

longshore current effects

anchorage nead (esp. in tha surf zone)-

bailast (i ]OL&LiOﬂ) requiremants

bottam sand wovement (esp. in surf zone)
COmpr\-oaU]i1lj of battom material ulong routing

need for "thrust" blocks at alignment changes
need for support piles (esp. ab thrust blocks) .

effect of scorm cond1L1o on all of the above

b. gydrau11c

minimum velocity requirements

peak plant flow(s) ,
roughness coafficient{s) and head losses
economic analysis of gravity vs punp flow
head reguiremants

viater hammer analysis

Qutfall design should provide

a. Inspection mannoles alc cag entire length

b. Access chambers for c]eaning equipment
c. Removable bulkheads on the diffuser- for flushing Tine

Schaduling for outfall construction (marine portion) should

~consider pariods of low biclogical vulnerability Tor

instrean biota. S
Design and construction rveqguiraments divfer according to
d.’ Plant to shoraline portion

b. Surf zona portibn-(out to -20 to -30 feet Mid dapth)

c. Offshore poartion (hﬂyn*” -30 feet MLY depth)
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Bottom materials move during all conditions

In most case s-QUtfa]1 nlacemznt hainy ocoen
gdesivabis esg::ia]]y iF bottom is sandy. (85
cver outtall with sand and quarry stonz 1

Should consuls h'@'i'ﬂ‘f‘“‘f’ hathyumabey dafa o evatuate
tong-term botiom transcort. '

possible construction techniquz is as follows:

a. Driva 2 paralle] rows of sheat niles

b. .RPWPV material to provide approx. 5 Lo 8 Tt. cover
- over outfall
c. Install outfall; longer cutfa ]] sections dasirable.

d. Backfill to approx. + 1 ft. above outfa1] with sand

e. Fill remainder to ccean floor levael with guarry grade
stone (50 to 150%) e

B°n°s1t3 of such p]acor51L are ‘as toilows:
a. Mo damage due to sand movament -

b. No.&amage due to lateral currents

c. No anchorage requiraments

d. No ballast consfderations

-

Consider use of nilinags (preferably pipz piling) to orovi
support and lateral constraints

Offshore Zone Considerations

1.

(".L.(LT] may he an oy holow ccean Slaor

Bottom materials generally move only during storm evsanis

Storm events qnnnra1.y feTL to epprox. - 50 ft. KL capth

La_sandy hottogn, open trench construction s often impossibla;

Generally, 2 5 fL covar for sub-terrestial outialls is comnon
1f exposed _bjllac ; ’l]] nury ll an.t-iﬂr;:;_f'_f) 2] ‘{_\\rnw' f"‘ﬂ'\"f’TL
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A. Physical Measuroments

. Temperature’ -
. Salinity' .
Scecchi Depth -

Turbidity®
Incident and .refle
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B. Checmical Measurcnonts
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General Com ‘\r)x‘;?

Puerto Rico Coastal Hater Characteristics:

Literature research indicated the following generat
characteristics:

iy
(@
.-\J
C

1. Mo significant th“rna! or satinity stratific
Q]OHQ the soutn sharc

2. Usually on the north shore, stratifi
n nearshore arcas whera deptns are
Dorado area

cation 1s insigaificant
£ 40 meters; exception(s):

4. Due to diurna? offshore/onshore wind ch“nges, critical
hydrodynamic conditions may often be during peviods of

a. finimal stratification and
b. onshore surface winds (often daytime periods)

Possible Putuwo Policy Decisions

Possible future policy decisions Hn1bh might be considere
by the Puerto Rico Corlowwealun are as follows: :

1. Pron1gxtruq dlS(Pﬂ)J“ into SB UotLrS (= 500 maters offshore)
2. Requ1r1ng diffusers on all cutfails

3. Re qu1r1no outfall and diffuser designs to meet standards
using pramary effluent characteristics if the fuh]]1Ly
is to operate for an interim period at this level -

4. Requiring that the coliform, aesthetic and biological
chronic toyicity standards be met at the maximuin point
of plume rise above the discharge point; re;&ir1nq, in
ddch]OW, that the SB coliform standard be met at the |
$B-SC interface (if applicable)

5.7 Requiring Program PLUME be used in all future oceanographic
studies for diffuser analysis and optimization

6. Establishing a maximum allowable chlorine residual for
coastal discharges to reduce biological iox1cnty of tne
effluent.



For

a.

outfall coastruction:

Require trenched outfall for all discharges into

south coast waters

equire trenched emplacement for ell outfall sectivns
into £ 30 to 50 feet 1LY depth cn north shore waters or

Require all coastal outfall sections constructzd in
surf zone areas (% 30 to 50 feet) in Puerto Rico

-ta be placed in trenches with a minimum of 5 feet

cover.



