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INTRODUCTION

These guidelines describe the process that the Puerto Rico Environmental Quality Board
(EQB) will (1) require to be followed in the performance of bioassays and (2) will implement
to define and authorize mixing zones (MZ) under Rule 1305 of the Puerto Rico Water
Quality Standards Regulation (WQSR).

The procedures, methods, models, techniques and organisms to be used to calculate the
critical initial dilution or the dilution, to perform chronic and acute bioassays, to collect field
data, or to establish the natural background concentration values or other related matters as
described in these Guidelines shall be followed at all times, except when it is demonstrated
to the satisfaction of EQB that:

1. By the nature or conditions of a specific case is impossible to follow the
Guidelines.

2. Other procedures, methods, etc. are adequate. In such cases a written approval
from EQB is required.
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BIOASSAYS



CHAPTER 1

Methodology for Conducting Freshwater
Acute and Chronic Tests

Freshwater toxicity tests shall be done using the most recently updated versions officially
published in final form of the following documents:

1.

"Methods for Measuring the Acute Toxicity of Effluents to Freshwater and
Marine Organisms" United States Environmental Protection Agency
Environmental Monitoring and Support Laboratory Cincinnati, OH 45264
EPA 600/4-85/013

March, 1985

"Short-Term Methods for Estimating the Chronic Toxicity of Effluents and
Receiving Water to Freshwater Organisms"

United States Environmental Protection Agency Environmental Monitoring
and Support Laboratory Cincinnati, OH 45264

EPA 600/4-85/014

December, 1985



CHAPTER 2

Methodology for Conducting Marine
Acute and Chronic Tests

Marine toxicity tests shall be done using the most recently updated versions of the following
documents:

1. "Users Guide to Conduct and Interpretation of Complex Effluent Toxicity
Tests at Estuarine/Marine Sites" United States Environmental Protection
Agency.

2. "Methods for Measuring the Acute Toxicity of Effluents to Freshwater and

Marine Organisms" United States Environmental Protection Agency
Environmental Monitoring and Support Laboratory Cincinnati, OH 45264
EPA 600/4-85/013

March, 1985
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CHAPTER 3

Dilution Water and Effluent Sampling

Dilution Water

For effluents discharged to marine waters, the test control waters, dilution water, and
hypersaline brine shall be from the same water body. This may be a local water body source
or another source of natural seawater.

Effluent Sampling

Effluent sampling sites and procedures must be agreed upon by EQB and the permittee.

Toxicity tests shall be performed using representative effluent samples (RES). RES means
that all effluent sources are included in the sample. If the permittee can demonstrate to the
satisfaction of EQB that excluding any effluent source(s) will not significantly alter the
toxicity of the composite sample, the effluent source(s) may be excluded. A RES shall also
be used for determination of compliance with numerical water quality standards.
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CHAPTER 4
Acute and Chronic Toxicity Tests

The acute toxicity test is a test designed to determine if the response to a stimulus, such as a
total effluent, specific substance or combinations of these, has sufficient severity to induce a
detectable acute effect in an organism during a period of 96 hours or less; the acute endpoint
is not necessarily death of the organism.

The chronic toxicity test is a test designed to determine if the response to a stimulus, such as a
total effluent, specific substance or combination of these, has sufficient severity to induce a
long-term effect that could linger for up to one-tenth of the life span of the organism. A
chronic effect could be lethality, growth rate reduction, or reproductive rate reduction.

One toxicity test shall be conducted on each of the three (3) approved freshwater or marine
test species.

If chlorine is applied to the effluent:

1. For discharges to freshwater, toxicity tests shall be performed using dechlorinated
effluent.
2. For discharges to marine waters, toxicity tests shall be performed using

unchlorinated effluent.
The following species shall be used in freshwater testing:
a. Selenastrum capricornutum

b. Ceriodaghnia dubia or Daphnia magna or Daphnia pulex

c. Pimephales promelas

The following species shall be used in marine testing:

a. Arbacia punctulata
b. Mysidopsis bahia
c. Menidia beryllina or Cyprinodon variegatus
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CHAPTER 5
Interpretation of Test Results

A series of tests performed on an effluent shall be considered valid if conducted according
to specified procedures in Chapters 1 and 2 of this Section.

If a series of tests performed on one of the three species is considered invalid the tests for
that species shall be repeated with a new effluent sample.

From the valid series of tests, the most sensitive endpoint shall be used to determine
compliance with the CMC and CCC. The most sensitive acute endpoint is defined as either
the lowest calculated LCso or ECso. For chronic tests with more than one chronic endpoint,
the most sensitive endpoint shall be used to determine compliance with the CCC.

Using the most sensitive endpoint, the acute and chronic toxicity of the effluent is quantified
as follows:

Acute Toxicity (in Acute Toxic Units) = 100
L.Cso or ECsp
Chronic Toxicity (in Chronic Toxic Units) = 100
NDEC



SECTION II

MIXING ZONES
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CHAPTER 1

Models and Conditions for Calculating Critical Initial Dilution in
Open Coastal Waters with High Rate Diffusers **

A.  Models
The following models shall be used for calculating critical initial dilution (CID):

a. Visual Plumes*

b. Other models submitted by the permittee and evaluated and approved
by EQB on a case by case basis. EQB approval will be based upon the
results of calibration of submitted model.

B. Conditions
The following conditions shall be used for calculating CID:

a. Discharge flow equal to average daily maximum flow.

b. Ambient current velocity equal to the lowest ten (10) percentile (LTP) of the
ambient currents.

*  See EPA's manual, Dilution Models for Effluent Discharges, 4 Edition, EPA/600/R-03/025,
March 2003 on the procedures for selecting and utilizing the model.

** High Rate Diffuser = outfall discharge velocity must exceed three meters per second (ten
feet per second).
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CHAPTER 2

Models and Conditions for Calculating Dilution in Freshwaters and in
Coastal Waters Without High Rate Diffusers

Models

The permittee shall submit for EQB evaluation and approval, on a case by case basis,
the model to be used for MZ definition.

Conditions
The following conditions shall be used for calculating the dilution:
a. Discharge flow equal to average daily maximum flow.
b. For freshwaters, the dilution flow shall be equal to the Q7d2y / 3.

c. For estuaties, the dilution flow shall be equal to the Q7d2y / 4.
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CHAPTER 3
Requirements for Granting Interim Authorizations for Mixing Zones

For discharges to open coastal waters with high rate diffusers (discharge velocity > 3.0
meters per second) the boundaries of the mixing zone shall be the boundaries of the
geometric figure defined by CID and shall be determined using the procedures specified in
Chapter 4 of this Section. For these discharges, the acute (CMC) and chronic (CCC) toxicity
criteria shall be met after CID.

TOXICITY

Criterion Maximum Concentration (CMC)

For acute protection, the CMC must not exceed 0.3 acute toxic units (T'U,) as measured by
the most sensitive result of tests conducted on at least three test species.

Acute Toxicity of Effluent (in TU,) < 0.3 TU
CID - co

where: _ 100
TU. = L.Cs0 or ECso

Criterion Continuous Concentration (CCC)

For chronic protection, the CCC must not exceed 1.0 chronic toxic units (TUc) as measured
by the most sensitive result of tests conducted on at least three test species.

Chronic Toxicity of Effluent (in Tuc) <
1D < 1.0 TU.

where: _ 100
U = NOEC
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Applicable Numerical Water Quality Standards

For discharges secking a MZ authorization compliance with a Numerical Water Quality
Standard at the boundary of the MZ shall be determined as follows:

c =c+ &9
CID
where:  C = Final concentration of a substance
x after CID (at the boundary of the
Mz).
Ca = Background concentration of a

substance x

Ce = Discharge concentration of a
substance x

CID = Critical Initial Dilution
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CHAPTER 4

Determination of Mixing Zone Boundaries

A. Discharges to Open Coastal Waters With High Rate Diffusers (HRD)

The following procedure shall be followed to determine the MZ's boundaries:

a.

Determine the CID using the appropriate mathematical model (MM) with a
discharge flow equal to the average daily maximum flow and the ambient
current velocity equal to the lowest ten (10) percentile (ILTP) of the ambient
currents for each port diameter.

Determine CID, using the following expression:

CID, =

CID; Qi + CID2 Q2 + CID3 Q3 + .....+ CID, Qq

where: CID,

CIDq
CID>
CIDs3
CIDq
Q1
Q2
Qs
Qn

Qi+ Q2+ Qs+...... + Qn

Average CID

CID for the first port
CID for the second port
CID for the third port
CID for the n port

flow through first port
flow through second port
flow through third port

flow through n port

Determine the distance from each port to the edge of the MZ using the

following expression:

Lmzaove)i

where:  Lmzaow)i
Yi

Yi+ Wi/2 (cos (90 - 6;)

distance from an "i" port to the edge of the MZ
horizontal distance from an "i" port to the

centerline of the plume
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Wi = plume width for the "i" port

0; = port "i" angle of the plume's centerline with
respect to the horizontal

d. Run the model with a discharge flow equal to the average daily maximum flow
and the ambient current velocity equal to the maximum ambient current for
each port diameter.

e. Obtain from the model run the values of Y, W and 0 at the dilution equal to
CID for each port diameter.

f. Determine the distance from each port to the edge of the MZ (Lmzwymax)i)
using the values obtained from the model run (with the maximum ambient
current).

g. Select the greater value Lmz ( Lmz10%)i of Lmzymax)).

h. The boundaries of the MZ shall be calculated as follows:

TL = 2 Lmz, + DL
WL = 2 Lmz, + DW
where: TL = total MZ length
Lmz, = greater value of Lmz
DL = diffuser length
WL = total MZ width
DW = diffuser width

For more details see Appendix A (Open Coastal Water— Mixing Zone Case
Example)

B.  Discharges to Coastal Waters Without HRD (RESERVED)

C. Discharges to Freshwaters (RESERVED)
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CHAPTER 5

Monitoring

A. Compliance monitoring
1. Compliance monitoring shall be done at the following sites:

a. Discharge Point - (Point were the effluent is discharged treated or
untreated, before mixing with the receiving water).

b. Mixing zone monitoring points - (Points determined by EQB where MZ
samples are taken to evaluate compliance with Rule 1305 of the WQSR).

c. Background monitoring point - (Point approved by EQB where
background concentration is to be determined).
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CHAPTER 6
Special Considerations for MZ Definitions
A. pH
The Dr shall be determined as follow:
If the effluent pH is less than the applicable lowest WQSR's pH limitation, the following

equation shall be used:

10 —pHe — 10 —pPHa

D= 10 -pH1 — 10 -pHa
where:  pHe = effluent pH
pHa = background ph
pH1 = applicable lowest WQSR pH
limitation

If the effluent pH is greater than the applicable highest WQSR pH limitation, the following
equation shall be used:

10 —pHe — 10 —pHh
10 —pHn — 1() —PHa

D: =

where:  pHn = applicable highest WQSR pH

limitation
B. Color
Due to the fact that the color value of water is extremely pH-dependent and invariably

increases as the pH of the water is raised, the D; shall be determined using the following
procedure:
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1. Prepare eleven (11) nessler tubes as follow:
Nessler Tube # % Effluent

0
10
20
30
40
50
60
70
80
90

100

O 0 IO Ut~ WD -

—_
— O

The % effluent is defined by the following equation:

Ve
0 =
%0 e Vit V. 100

where: % e = % effluent

Ve = volume of effluent
Va dilution (with background water) volume
2. Determine the color and pH units in each nessler tube.
3. Plot the % effluent vs. the color units on a graph paper.
4. Determine the % effluent (% ¢) where the color is in compliance with the applicable
WQS.
5. Compute the D as follow:
100
D % e

For more details see Appendix I (Color Required Dilution Determination Case
Example)
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. DO

The DO in waterbodies is affected by the BOD. Therefore EQB will require the
necessary studies for the determination of BODs from an assimilative capacity analysis.
Such BODs determination will be performed to assure that the applicable dissolved
oxygen WQS will remain in compliance downcurrent of the MZ.

For MZs in open coastal body of waters the following procedure shall be used:

1. Determine the initial dilution (flux-average) using the appropriate MM.

2. Calculate the immediate dissolved oxygen demand using the following expression:

oD = PO Pd) + (S) (Ps) - DO

Ps
where:  IDOD = immediate dissolved oxygen demand, mg/L
DOy = dissolved oxygen of dilution water (sea water), mg/L
Pd = decimal fraction of dilution water used
S = dissolved oxygen of effluent after incubation, mg/L
Ps = decimal fraction of effluent used
DO = dissolved oxygen of mixture after 15 minutes, mg/L

Other procedures can be used to calculate or estimate the IDOD if the permittee
demonstrates to the satisfaction of EQB that such procedures are adequate. In
such cases a written approval from EQB is required.

3. Calculate the dissolved oxygen concentration following initial dilution using the
tfollowing expression:

DO¢ = DO, + (DO, - IDOD - DO,) / Sa

where:  DOf = final dissolved oxygen concentration of receiving
water at the plume's trapping level, mg/L

DO. = ambient dissolved oxygen concentration averaged

from the diffuser port depth to the trapping level,
mg/L

-11



DO. = dissolved oxygen of effluent, mg/L
Sa initial dilution (flux-averaged).
4. Calculate the final BODs concentration using the following expression:

BOD¢= BOD, + (BOD. - BOD,) / S,

where:  BODf = final BODs concentration, mg/L

ambient BODs concentration, mg/L

BOD,

BOD. = effluent BODs concentration, mg/L
5. Before undertaking any analysis to determine if farfield BOD exertion causes a
violation of the dissolved oxygen standard, the applicant should first check to see

if:

DO < DOs - BODy,, for critical conditions

where:  DOs = applicable ~ WQSR’s  dissolved  oxygen
limitation, mg/L
DO¢ = Dissolved oxygen concentration at the
completion of initial dilution, mg/L
BODsx = Ultimate BOD at the completion of initial

dilution (=BODy x 1.46)
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If the above inequality is true, the discharge will not violate the dissolved oxygen standard
due to BOD exertion and no further analysis of farfield BOD exertion is required. If the
inequality is not true, then the following analysis is required:
a. Convert the BODs to BODui by the following relationship:

BODu: = 1.46 BODs

where:  BODu: = ultimate BOD
BOD:s five (5) day BOD

b. Estimate the BOD decay rate at temperature T (°C) using a decay rate for CBOD of
0.23/day (base €) at 20 °C by the following relationship:

Kc=0.23(1.047) T-20

where:  Kc = Carbonaceous BOD decay rate at
temperature T.

c. Estimate the NBOD using the following relationship:
NBOD = 4.57 (TKN)
where:  NBOD = Nitrogenuos BOD

TKN

Total kjeldahl nitrogen

d. Estimate the decay rate at NBOD at temperature T (°C) using a decay rate of 0.10/day
(base e) at 20 °C by the following relationship:

Kn=0.10(1.047) T-20
where: Kn = Nitrogenous BOD decay rate at temperature T.

e. Calculate the dilution attained subsequent to initial dilution as a function of travel time
(farfield dilution) using the following equation:

- 127t

D. =|erf 15




where: Ds = Dilution attained subsequent to initial dilution
as a function of travel time

erf = Error function

e = Initial diffusion coefficient Ft2/sec
= 0.001 b#/3

b = Effective diffuser length, ft

t = 'Travel time, seconds

f. Estimate the dissolved oxygen concentration in the receiving waters as a function of
travel time as follows:

DO, -DO
DO, + DO, + ————2 L—fc[l— exp(— Ket)] |- L—fn[l— exp(Knt)]
s DS Ds
where: DO = Dissolved oxygen concentration in a
submerged wastefield as a function of travel
time, t, mg/L
DO, = ambient dissolved oxygen
concentration, mg/L
DO¢ = dissolved oxygen concentration at the
completion of initial dilution, mg/L
Kc = CBOD decay rate constant
Kn = NBOD decay rate constant
Lfc = ultimate CBOD concentration above ambient
at completion of initial dilution, mg/L.
Lin = NBOD concentration above ambient at
completion of initial dilution, mg/L
Ds = dilution attained subsequent to initial dilution
as a function of travel time.
t = travel time, days
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g. Using the above equation calculate the DO: from t - 0 to t = 10 day with a 0.25 day
interval.

h. Plot the values of DO versus t on a graph paper.

i. If one or more values of DOy are less than the dissolved oxygen standard, additional
treatment is required to reduce the discharge BOD so that the DO standard be in
compliance at the farfield.

For MZs in coastal closed body of water or estuaries, the same procedure used for MZs in
open coastal body of waters shall be used, except that the dilution attained subsequent to
initial dilution as a function of travel time (farfield dilution) shall be calculated using the
following equation:

-1
2
1/2

D, =] erf
16e, t

For MZs in freshwaters EQB’s Assimilative Capacity Program, which utilizes a simple
Streater-Phelps analysis, shall demonstrate to the satisfaction of EQB that other
methodology are adequate. In such cases written approval from EQB is required.

For other cases the applicant shall submit for EQB evaluation and approval, on a case by
case basis, the methodology to be used.

D. Determination of Natural Background Concentration (NBC)

A monitoring site not affected by point or nonpoint discharges at a location approved by
EQB (by mutual agreement with the petitioner, based on the details of each individual
case) shall be used for NBC determination. EQB in mutual agreement with the petitioner
shall determine the minimum number of samples and frequency of sampling.

NBC shall be determined as follows:

1. Calculate the average concentration
2 Calculate the standard deviation
3. Determine the acceptance region

AR = Cye + 1.96 s
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where: AR

acceptance region

Cave = average concentration
S = standard deviation
4. Delete the values that do not fall in the acceptance region.
5. NBC = average concentration of the values that fall in the acceptance region.

E. Determination of Background Concentration (BC)
The BC shall be determined as follows:

1. At least two (2) samples shall be taken at a location approved by EQB. Such
samples shall be taken the same day with at least six (6) hours between each one.
The samples shall be analyzed for each substance that at the discharge sampling
point does not comply with the applicable WQS.

2. Calculate the average concentration.

3. BC = the average concentration

F. Determination of Compliance with Rule 1305.4.C

To comply with Rule 1305.4.C a substantially complete removal of settleable solids shall
be achieved.
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CHAPTER 7

Calibration and Validation of Mathematical Models
Used to Define a Mixing Zone

A. Calibration of Models

The petitioner shall calibrate those mathematical models (MM) that require calibration
as part of the process of requesting an interim authorization for a MZ. The petitioner
shall (on a case by case basis) submit for EQB approval the proposed methodology to
calibrate the MM.

B. Validation of Models

Model validation shall be done according to the methodology established in Section 5.9
of the WQSR.

A model passes the validation test if at least ninety percent (90%) of the values obtained
by the model for the corresponding points throughout the periphery of the MZ are equal
or less than the ones obtained through the sampling program. This requirement is
modified for DO. In this case the accepted values obtained by the model must be equal
to or greater than the values obtained through the sampling program.

Bioaccumulation, dye or other pertinent studies may be required by EQB.
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APPENDIX A:1

OPEN COASTAL WATER
MIXING ZONE CASE EXAMPLE



Open Coastal Water Mixing Zone Case Example

In this section, an example of an open coastal water mixing zone situation is described.
Although this is a hypothetical case, much of the data have been taken from a real situation.

Site Description

The Alezivo Regional Wastewater Treatment Plant (RWTP) discharges to the Atlantic
Ocean. An ocean outfall and diffuser system has been constructed and installed off the coast
of Marealito. The ocean outfall has a diameter of 1.22 meters (48 inches) and extends 855
meters (2,805 feet) offshore. The diffuser section extends 200 meters (660 feet) from the
outfall. The water depth varies from 21 to 26 meters (69 to 85 feet) over the diffuser. The
diffuser contains 55 risers each equipped with of 6 cm (2.5 inch) diameter ports. The elbow
joint at the offshore end of the diffuser has a 9 cm (3.5 inch) diameter ports. The center to
center distance between risers is 3.6 meters (12 feet) and each pair of ports discharge in
opposite directions. The angle of port orientation for all ports is zero degrees from
horizontal. The outfall and diffuser system will ultimately transport and discharge an average
flow of 438 1/s (10.0 mgd) and a peak of 876 1/s (20.0 mgd). The lowest 10 percentile
current velocity = 0.009 m/s and the maximum current = 0.36 m/s.

Model

The EPA model UDKHDEN, was utilized to estimate available dilution at this site.
CID Determination

The EPA model UDKHDEN, was utilized to estimate available dilution. Table A-1 shows
the model run for the 9 cm (3.5 inch) diameter ports and Table A-2 shows the model run for

the 6 cm (2.5 inch) diameter ports.

Let CIDy equal to CID for the 9 cm diameter ports and CID1 equal to CID for the 6 cm
diameter ports. From Table A-1, CID, = 186 and from Table A-2 CID; = 196.
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UNIVERSAL DATA FILE: alezivo2

Table A-1

PROGRAM UDKHDEN

Model UDKHDEN Run for the 9 ¢cm Diameter Ports with a Cutrent Velocity = 0.009 m/s

SOLUTION TO MULTIPLE BUOYANT DISCHARGE PROBLEM WITH

AMBIENT CURRENTS AND VERTICAL GRADIENTS. AUG 1985

CASE 1.D. #1 ALEZIVO RWTP, Puerto Rico, Nov/20/87, 0.009 m/sec current

SINGLE PORT DISCHARGE CASE

DISCHARGE = .0325 CU-M/S

* NUMBER OF PORTS =1

DEPTH (M)

DENSITY (G/CM?)

.00
1.00
5.00

10.00
20.00
30.00

1.02236
1.02236
1.02236
1.02236
1.02236
1.02236

Froude No = 34.89, Port Spacing/Port Dia = 11248.59

DENSITY = .99700 G/CM3
**SPACING=1000.0-M

AMBIENT STRATIFICATION PROFILE

*DIAMETER = .0889-M

** DEPTH=23.50-M

VELOCITY (M/S)

.009
.009
.009
.009
.009
.009

STARTING LENGTH = .519

ALL LENGTHS ARE IN METERS-TIME IN SEC. FIRST LINE ARE INITTAL CONDITIONS.

PLUMES HAVE REACHED EQUILIBRIUM HEIGHT — STRATIEFIED ENVIRONMENT

1.33
1.39
1.45
1.51
1.59
1.70

Y Z TH1 TH2 WIDTH
.00 .00 83.00 .00 .09
.51 .00 83.01 .38 24
1.22 .01 83.06 1.91 79
2.63 14 83.17 9.42 1.83
3.32 29 83.22 14.99 2.34
3.99 .51 83.27 21.25 2.83
5.24 1.17 83.39 33.89 3.75
5.80 1.60 83.45 39.44 4.20
6.33 2.07 83.51 44.23 4.63
7.70 3.70 83.72 54.18 6.19
8.48 4.88 83.87 58.67 7.10
9.82 7.39 84.20 64.07 9.09
10.42 8.67 84.36 65.48 10.20
11.00 9.97 84.53 66.17 11.44
11.57 11.27 84.69 66.11 12.86
11.66 65.97 13.13
11.93 12.09 84.79 65.59 13.88
12.54 13.37 84.95 63.63 15.87
13.20 14.63 85.10 59.63 18.45
13.99 15.81 85.24 52.28 19.84
14.97 16.83 85.36 38.61 22.68
16.24 17.43 85.43 8.05 24.99

DUCL

1.000
1.000
.308
132
104
.088
.070
.066
.062
.050
.047
.041
.038
.035
.031

.029
.024
.019
.017
.012
.008

DRHD
1.000
1.000
.308
130
.100
.080
.054
.045
.037
.020
.015
.007
.005
.002
.000

-.001
-.002
-.003
-.003
-.004
-.004

DCCL

1.000
1.000
.308
130
101
.082
.058
.049
.043
.030
.024
.017
.014
.013
011

.010
.009
.009
.008
.008
.008

PLUMES HAVE REACHED MAXIMUM HEIGHT — STRATIFIED ENVIRONMENT
TRAPPING LEVEL = 12.01 METER BELOW SURFACE, DILUTION = 185.85

TIME

DILUTION
1.00
1.93
6.31

15.16
19.70
24.43
34.74
40.44
46.55
67.35
82.90
118.61
138.58
159.79
182.09
185.85

196.49
220.04
243.82
267.21
289.08
304.89



Table A-2
Model UDKHDEN Run for the 6 cm Diameter Ports with a Cutrent Velocity = 0.009 m/s
PROGRAM UDKHDEN
SOLUTION TO MULTIPLE BUDYANT DISCHARGE PROBLEM WITH
AMBIENT CURRENTS AND VERTICAL GRADIENTS. AUG. 1985

UNIVERSAL DATA FILE: alezivo3
CASE 1.D. #1 ALEZIVO RWTP, Puerto Rico, OCT/23/87, 0.009 m/sec current

DISCHARGE = .8438 CU-M/S DENSITY = .99700 G/CM? *DIAMETER = .0635-

* NUMBER OF PORTS = 55 **SPACING = 7.32-M ** DEPTH=23.50-M

AMBIENT STRATIFICATION PROFILE

DEPTH (M) DENSITY (G/CM?)  VELOCITY (M/S)
00 1.02236 .009
1.00 1.02236 .009
5.00 1.02236 .009
10.00 1.02236 .009
20.00 1.02236 .009
30.00 1.02236 .009

FROUDE NO = 38.20, PORT SPACING/PORT DIA = 115.28

M

STARTING LENGTH = .371

ALL LENGTHS ARE IN METERS=TIME IN SEC. FIRST LINE ARE INITIAL CONDITIONS.

X Y Z TH1 TH2 WIDTH DUCL DRHD DCCL TIME
.00 .00 .00 83.00 .00 .06 1.000 1.000 1.000 .00
.05 37 .00 83.01 32 17 1.000 1.000 1.000 .08
17 1.38 .03 83.12 4.13 93 185 184 184 74
23 1.88 .09 83.18 7.83 1.30 133 131 131 1.42
.29 2.37 17 83.23 12.51 1.66 105 101 102 2.30
40 3.33 49 83.35 23.65 2.34 .077 .068 .070 4.64
45 3.78 71 83.41 29.40 2.66 .069 .057 .059 6.06
.50 4.21 98 83.47 34.83 2.98 .064 .048 .051 7.61
.59 4.99 1.63 83.61 44.01 3.59 .057 .034 .039 11.03
.66 5.67 2.38 83.76 50.76 4.22 .052 .024 .031 14.79
73 6.27 3.19 83.92 55.41 4.86 .049 .016 .025 18.86
.84 7.33 4.93 84.26 61.26 6.44 .039 .009 .018 28.47
.89 7.80 5.83 84.43 63.11 7.17 .037 .007 .015 33.86
PLUMES MERGING
93 8.25 6.74 84.64 64.23 7.86 .035 .005 .013 39.60
97 8.68 7.65 84.82 64.86 8.48 .033 .003 .012 45.61
1.01 9.11 8.58 84.99 65.01 9.10 .032 .001 011 51.94
1.04 9.54 9.50 85.14 34.65 9.78 .029 .000 .010 58.66
9.55 64.64 9.79
PLUMES HAVE REACHED EQUILIBRIUM HEIGHT — STRATIFIED ENVIRONMENT

1.07 9.81 10.07 85.22 64.11 10.27 .028 -.001 .010 63.13
1.10 10.26 10.98 85.35 62.61 11.20 .024 -.002 .009 70.92
1.23 11.93 13.51 85.660 45.42 17.13 .012 -.004 .006 104.56
1.30 12.74 14.11 85.72 24.55 21.28 .008 -.004 .006 123.31
1.33 13.23 14.25 85.73 7.12 22.79 .007 -.004 .006 134.65

PLUMES HAVE REACHED MAXIMUM HEIGHT - STRATIFIED ENVIRONMENT
TRAPPING LEVEL = 13.99 METER BELOW SURFACE, DILUTION = 195.99

DILUTION
1.00
1.93

10.66

15.04

19.49

28.84

33.89

39.26

51.10

64.48

79.36
112.73
131.27

149.30
165.63
181.09
195.80
195.99

204.59
217.89
250.40
257.27
259.23



Let Q. equal to the discharge flow of the 9 cm diameter port and Qi equal to the discharge flow of
the 6 cm diameter ports. The average CID (CIDa) is determined as follows:

CID, Q, + CID, Q,

CID, =
Qn+Q1

186(0.0325) +196(0.8438)
0.8763

~196

CID, =

Toxicity Tests

Toxicity tests were performed on effluent collected from the Alezivo RWTP. The definitive tests
included the red macroalga (Champia parvula) reproductive tests, the 7-day mysid shrimp
(Mysidopsis bahia) survival/growth/reproductive test, and the 7-day inland silverside (Menidia
beryllina) larval growth/survival test. Table A-3 summarizes results of the acute and chronic toxicity
tests.

Table A-3
Results of Acute and Chronic Toxicity Tests

Organism Acute Test Chronic Test
LCso (%) NOEC (%)
Champia parvula 3.5 1.25
Mysidopsis bahia 18.5 3.20
Menidis beryllina 19.5 10.00

Criterion Maximum Concentration (CMC)

For acute protection, the CMC must not exceed 0.3 acute toxic units (T'Ua) as measured by the most
sensitive result of tests on at least three test species.
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Criterion Continuous Concentration (CCC)

For chronic protection, the CCC must not exceed 1.0 chronic toxic units (TUc) as measured by the
most sensitive result of tests on at least three test species.

Toxic units are related to concentration-based toxicity measurements in the effluent as follow:

TUa = —100
LC,,

where: LCs = toxicant or effluent concentration killing
50 h of exposed organisms at a specific
time observation.

100

TYe=Noec

where: NOEC = the  highest measured continuous
concentration of an effluent or toxicant
that causes no observed effect on a test
organism.

TUa after CID is equal to TUa in effluent divided by CID. TUc after CID is equal to TUc in
effluent divided by CID.

Table A-4 summarizes TUa in effluent and TUa after CID.

Table A-4
TUa in effluent and TUa after CID

Organism Acute Test TUa in TUa after
LC5() (0/0) effluent CID
Champia parvula 3.5 28.6 0.15
Mysidopsis bahia 18.5 5.4 0.03
Menidia beryllina 19.5 5.1 0.03

Table A-5 summarizes TUc in effluent and TUc after CID.
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Table A-5
TUc in effluent and Tuc after CID

Organism Chronic Test Tuc in Tuc after
NOEC (%) Effluent CID
Champia parvula 1.25 80.00 0.41
Mysidopsis bahia 3.20 31.30 0.16
Menidia beryllina 10.00 10.00 0.05

For the Alezivo discharge, EPA's recommended acute and chronic toxicity criteria could be ‘met at the
boundary of the zone of critical initial dilution.

The required dilution (D) is calculated as follow:

Substance *

Arsenic
Cadmium
Copper
Iron

Lead
Mercury
Silver
Zinc

_ Ce_Ca

D =—-%
Cs _Ca

where: D, = required dilution
C. = the discharge concentration of a
substance x
Cs = the  water quality standard (WQS)
limitation of a substance x
C, = the background concentration of a

substance x

Table A-6
Alezivo RWTP Effluent Characterization and Required Dilution

C, C. Ce D
150 50 750 7
5 2 50 16
50 40 80 4

200 195 800 121
15 5 65 6
1 0.8 3 11
0.2 50 61

50 10 2450 61

* All concentrations in pg/L
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Since the required dilution is less than CID for all substances, the concentration of each
substance at the boundary of the MZ will comply with the applicable WQS.

The dimension of the MZ shall be determined as follow:
Lmz=Y +W/2(cos (90-0))

where: Lmz = distance from a given port to the edge of the MZ
Y =  horizontal distance from a given port to the centerline of
the plume
\4 =  width of the plume
0 angle of the plume's centerline with respect to the
horizontal

From Table A-1 and Table A-2 we can obtain the values of Y = 11.66 m, W = 13.1 m, 6 = 66.0
and CID = 186 for the 9 cm diameter ports and Y = 9.55 m, W = 9.8 m, 6 = 64.6 and CID =
196 for the 6 cm diameter ports.

For the 9 cm diameter ports and V = 0.009:

Lmz:1156+3%§{cos@0—660}

Lmz =17.75 meters

For the 6 cm diameter ports and V = 0.009 m/s:

Lmz=955+%§{COS@O—646B

Lmz =14.07 meters

From Table A-7 and Table A-8 we can obtain the values of Y = 20.11 m, W = 446 m 0 = 6.5

and CID = 186 for the 9 cm diameter ports and Y - 16.64 m, W = 3.16 m, 0 = 5.3 and CID =
196 for the 6 cm diameter ports.
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Table A-7

Model UDKHDEN Run for the 9 cm Diameters Ports with a Current Velocity = 0.36 m/s

PROGRAM UDKHDEN

SOLUTION TO MULTIPLE BUOYANT DISCHARGE PROBLEM WITH

AMBIENT CURRENTS AND VERTICAL GRADIENST. AUG 1985

UNIVERSAL DATA FILE: alezivo6

Case LD. #1 ALEZIVO RWTP, Puerto Rico, Nov/20/87, 0.36 m/sec current

SINGLE PORT DISCHARGE CASE
DENSITY= .99700 6/CM3 CC

DISCHARGE= .0325 CU-M/S

* NUMBER OF PORTS=

DEPTH (M)

.00
1.00
5.00

10.00
20.00
30.00

1 **SPACING=1000.00-M

“DIAMETER= .0889-M

“DEPTH = 23.50-M

AMBIENT STRATIFICATION PROFILE

DENSITY (G/CM?)

1.02236
1.02236
1.02236
1.02239
1.02257
1.02314

FROUDE NO. = 34.89, PORT SPACING/PORT DIA = 11248.59,

ALL LENGTHS ARE IN METERS-TIME IN SEC. FIRST LINE ARE INITIAL CONDITIONS.

X Y Z TH1 TH2 WIDTH DUCL DRHD DCCL
.00 .00 .00 83.00 .00 .09 1.000 1.000 1.000
25 2.78 .06 86.47 2.85 1.03 184 183 184
.39 5.62 27 87.86 5.27 1.71 .094 .091 .092
49 9.15 .64 88.68 6.63 2.46 .056 .050 .053
.59 14.80 1.33 89.26 6.96 3.55 .033 .023 .029
.64 19.04 1.84 89.46 6.62 4.29 .024 .014 021
20.11 6.50 4.46
.65 20.45 2.00 89.51 6.46 4.52 .022 .011 .019
72 30.36 2.99 89.70 4.96 5.90 014 .000 .012
PLUMES HAVE REACHED EQUILIBRIUM HEIGHT - STRATIFIED ENVIRONMENT
X Y Z TH1 TH2 WIDTH DUCL DRHD DCCL
72 31.60 3.10 89.71 4.74 6.04 .013 .000 011
74 35.85 3.42 89.74 3.97 6.48 011 -.003 .010
.76 40.11 3.69 89.77 3.20 6.85 .010 -.004 .009
.78 44.37 3.90 89.79 2.53 7.15 .009 -.004 .008
.79 48.64 4.07 89.80 1.92 7.39 .008 -.004 .008
.81 52.90 4.19 89.81 1.35 7.58 .007 -.004 .007
.82 57.17 4.27 89.82 .81 7.72 .007 -.004 .007
.83 61.43 4.31 69.82 29 7.81 .007 -.004 .007
.84 63.57 4.32 69.82 .04 7.84 .007 -.004 .007

PLUMES HAVE REACHED MAXIMUM HEIGHT-STRATIFIED ENVIRONMENT

TRAPPING LEVEL = 20.46 METERS BELOW SURFACE, DILUTION = 322.71
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VELOCITY (M/S)

.360
.360
.360
.360
.360
.360

STARTING LENGTH = .664

TIME
.00
1.27
4.19
9.22
19.31
27.93

30.95
53.41

TIME

56.34
66.56
76.96
87.51
98.17
108.90
119.69
130.51
135.93

DILUTION
1.00
15.15
33.81
62.74
121.55
172.57
186.00
190.35
315.84

DILUTION
330.78
379.10
421.70
458.10
488.39
512.58
530.73
542.98
547.16



Table A-8
Model UDKHDEN Run for the 6 cm Diameter Ports with a Current Velocity = 0.36 m/s
Program UDKHDEN
SOLUTION TO MULTIPLE BOUYANT DISCHARGE PROBLEM WITH
AMBIENT CURRENTS AND VERTICAL GRADIENTS. AUG 1985

UNIVERSAL DATA FILE: alezivo7
CASE 1LD. #1 ALEZIVO RWTP, Puerto Rico, Nov/20/87, 0.36 m/sec current

DISCHARGE = .8438 CU-MIS DENSITY =.99700 6/CM? * DIAMETER = .0635-M
** NUMBER OF PORTS = 55 **SPACING = 7.32-M *DEPTH = 23.50-M

AMBIENT STRATIFICATION PROFILE

DEPTH (M) DENSITY (G/CM?) VELOCITY (M/S)
00 1.02236 360
1.00 1.02236 360
5.00 1.02236 360
10.00 1.02239 360
20.00 1.02257 360
30.00 1.02314 360

FROUDE NO. = 38.20, PORT SPACING/PORT DIA = 115.28

STARTING LENGTH = .484

ALL LENGTHS ARE IN METERS-TIME IN SEC. FIRST LINE ARE INITTAL CONDITIONS.

X Y zZ TH1 TH2 WIDTH  pucL DRHD DCCL TIME
00 00 00 83.00 00 06 1.000 1.000 1.000 00

18 2.00 04 86.59 2.23 7 188 188 188 96

27 4.03 15 87.93 410 1.16 098 096 097 3.11

35 6.56 36 88.69 5.25 1.62 060 056 058 6.76

M 10.60 76 89.26 5.71 2.29 036 030 033 13.98
46 14.64 1.16 89.51 5.53 2.89 025 017 022 2226
47 15.66 1.25 89.56 5.44 3.03 023 015 020 2445

16.64 5.34 3.16
48 17.68 1.44 89.62 5.23 3.30 020 011 017 28.93
52 25.78 211 89.77 422 422 013 003 o011 47.85
54 29.83 2.39 89.81 3.66 4.60 o1 .000 .009 57.73
PLUMES HAVE REACHED EQUILIBRIUM HEIGHT — STRATIFIED ENVIRONMENT

X Y z TH1 TH2 WIDTH  DUCL DRHD DCCL TIME
54 31.10 2.47 89.82 3.48 471 010 .000 009 60.85
55 33.13 2.59 89.83 3.19 4.87 009 -001 008 65.89
55 35.16 2.70 89.84 2,90 5.01 009 -002 008 70.96
56 37.69 2.82 89.85 2.53 5.18 008 -003 007 7735
56 39.72 2.90 89.86 2.24 5.29 008 -.004 007 82.48
57 4176 2.98 89.87 1.94 5.40 007 -.004 007 87.64
57 43.79 3.04 89.87 1.64 5.49 007 -.004 007 92.82
58 45.82 3.09 89.88 1.33 5.56 007 -005 007 98.02
58 48.36 3.15 89.88 96 5.64 007 -005 006 104.54
59 50.39 3.17 89.88 66 5.69 006 -005 006 109.76
59 52.42 3.19 89.88 36 5.73 006 -005 006 114.99
60 54.96 3.20 89.89 -01 5.76 006 -005 006 121.53

PLUMES HAVE REACHED MAXIMUM HEIGHT-STRATIFIED ENVIRONMENT
TRAPPING LEVEL = 21.07 METERS BELOW SURFACE, DILUTION = 410.29
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DILUTION
1.00
14.97
32.33
57.64
107.30
165.36
180.75
196.00
212.24
340.85
402.33

DILUTION
420.65
448.86
475.52
506.36
528.83
549.18
567.27
583.01
599.24
609.41
617.04
623.32



For the 9 cm diameter ports and V = 0.36 m/s:

Lmz = 20.11+ %{003(90 _6.5)}

Lmz = 20.68 meters

For the 6 cm diameter ports and V = 0.36 m/s:

Lmz = 16.64 + %{COS (90-5.3)}

Lmz =17.02 meters

Select the greater value of Lmz for each port diameter.

For the 9 cm diameter port Lmz = 20.68 meters
For the 6 cm diameter port Lmz = 17.02 meters.

Figure A-1 shows the Alezivo's RWTP MZ configuration.
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Figure A-1
Alezivo RWTP MZ
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APPENDIX B
FRESHWATER MIXING ZONE CASE EXAMPLE

(RESERVED)
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APPENDIX C

SEVEN DAY TWO YEAR LOW FLOW ESTIMATES
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Estimates of Seven-Day Two-Year Low Flow
Introduction

The purpose of this section is to provide procedures to estimate the seven-day two-
year low flows (Q7d2y).

Required Data

Continuous streamflow data shall be utilized for low flow estimates, that is, data for
each one day of a given year. If one or more daily flow data is missing for a given
year, a written approval from EQB to use said given year, shall be obtained.

At least eight (8) years of continuous streamflow data shall be utilized for Q7d2y low
flow estimates.

Procedure

1. Compute the minimum average seven (7) consecutive day streamflow for each
year of data.

2. Arrange the minimum flows in order of severity, that is, from highest to lowest
flow.

3. Assign a serial number, m, to each of the years of data wvalues, (n):
1,2,34,.......... n

b bl

4. Compute the probability plotting position, P, using the following equation:

p_ M
n+1
where: P = probability plotting position

serial number

=]
|

total years of data used in the analysis

5. Using logarithmic probability paper, plot flow on the vertical logarithmic scale, and
the corresponding probability value along the horizontal axis.

6. Draw the best fit line through the plotted data.

7. Compute the return period, years, using the following equation:

100
100-P
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where: RP = return period

)—U
|

probability in percent

Example C-1

This is a hypothetical case. ~ All the data, sites and names are fictitious.
The following data have been obtained from a gaging station at the Ilixally River:

Year 1977 1978 1979 1980 1981 1982 1983 1984 1985

Q cfs 36.0 90.0 32.0 30.0 18.0 50.0 29.0 22.0 25.0

The data was arranged by order of severity, a serial number to each of the years of data was assigned
and the probability plotting position was computed and the results are summarized on Table C-1.

Table C-1

Streamflow Data Organized for Statistical Evaluation as Shown in Figure C-1

m Year Q cfs P
1 1978 90.0 0.1
2 1982 50.0 02
3 1977 36.0 03
4 1979 32.0 04
5 1980 30.0 05
6 1983 29.0 06
7 1985 25.0 0.7
8 1984 20.0 08
9 1981 18.0 09

Figure C-1 shows the values of Q and P plotted using logarithmic probability paper.
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Figure CI
Plot of Yearly Low Flows from Table C-1on

Logatithmic Probability Paper to Determine
the Seven Day Two-Year Low Flow (Q7d2y)
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Example C-2

If we have a gaging station with a drainage area equal to Ay and Q7d2y equal to Qo, we can estimate
the Q7d2y at a given point in A using the following equation:

Q= & A=FA
A
where: Q = Q7d2y at a given point
Qo = Q7d2y at the gaging station
Ay = drainage area at the gaging station
A = drainage area at a given point
F = Qo

Ao
If Qo = 30 cfs, Ag = 100 square miles, and A = 25 square miles;

30
=——25
Q 100

Q=75cfs

Example C-3

If seven-day ten-year low flow data is available, the seven-day two-year low flow can be estimated
using the following equation:

Q7d2y =1.669 Q7d10y +0.26

where: Q7d2y = seven-day two-year low flow in cfs
Q7d10y

seven-day ten-year low flow in cfs

Is important to indicate that the above equation shall only used in the following range:

2 cfs < =Q7d10y <134 cfs

If Q7dl0y = 10 cfs;

Q7d2y
OTd2y

1.669 (10) + 0.26
16.95 cfs
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APPENDIX D

LOWEST TAN PERCENTILE DETERMINATION
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Lowest Ten Percentile Determination

In this section, an example of a lowest ten percentile determination is described. This is a hypothetical case, all
the data is fictitious.

Table D-1 summarizes the data obtained at the Morovis Beach.

Table D-1 Values of V and cum. P

A\ f cum.f. P cum. P
cm/s % %
5 1 1 0.25 0.25
6 2 3 0.50 0.75
7 4 7 1.00 1.75
8 3 10 0.75 2.50
9 7 17 1.75 4.25
10 6 23 1.50 5.75
11 5 28 1.25 7.00
12 8 36 2.00 9.00
13 9 45 2.25 11.25
14 10 55 2.50 13.75
15 12 67 3.00 16.75
16 11 78 2.75 19.50
17 15 93 3.75 23.25
18 13 106 3.25 26.50
19 14 120 3.50 30.00
20 16 136 4.00 34.00
21 17 153 4.25 38.25
22 18 171 4.50 42.75
23 19 190 4.75 47.50
24 20 210 5.00 52.50
25 19 229 4.75 57.25
26 18 247 4.50 61.75
27 16 263 4.00 65.75
28 17 280 4.25 70.00
29 15 295 3.75 73.75
30 12 307 3.00 76.75
31 14 321 3.50 80.25
32 13 334 3.25 83.50
33 11 345 2.75 86.25
34 9 354 2.25 88.50
35 10 364 2.50 91.00
36 8 372 2.00 93.00
37 7 379 1.75 94.75
38 5 384 1.25 96.00
39 6 390 1.50 97.50
40 4 394 1.00 98.50
41 2 396 0.50 99.00
42 3 399 0.75 99.75
43 1 400 0.25 100.00
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The LTP can be determined using the following equation:

_ [pn—cum.f :]W

Pp +L=P,
where:  Pp = the pth percentile

L = lower class limit of the class containing Pp

n sample size

cum.f. = the number of values that have accumulated up to LL

f = the frequency of values in the class containing Pp

W = the class width = (upper real limit) minus (lower real limit)
From Table D-1 we obtain :

pn = (0.1) (400) = 40

L = 12

n = 400

cum.f. = 306

f = 9

40-36
Po = (1) +12
Pio = 12.44

Also the LTP can be determined plotting V vs. cum. P in a probability paper.

Figure D-1 shows the values of V and cum. P plotted using probability paper.

From Figure D-1 we obtain Py = 12.5
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Natural Background Concentration Determination
In this section, an example of a natural background concentration (NBC) determination is
described. Although this is a hypothetical case, much of the data have been taken from a

real situation.

NBC Determination

A monitoring point not affected by point or nonpoint discharges at a location approved
by EQB (by mutual agreement with the petitioner, based on the details of each individual
case) shall be used for NBC determination. EQB by mutual agreement with the petitioner
shall determine the minimum number of samples and the frequency of sampling.
NBC shall be determined as follow:

1. Calculate the average concentration

2. Calculate the standard deviation

3. Determine the acceptance region

AR = Cave ¥ 1.96 s
where: AR = acceptance region
Cave = average concentration

standard deviation

w
[

4. Delete the values that do not fall in the acceptance region

5. NBC = average concentration of the values that fall in the acceptance region
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Example E-1

The following data of total chromium were collected at a monitoring point located in the open sea
two (2) miles from Cross PRS Harbor:

Date G

mg/L

08/26/85 0.020
09/30/85 0.020
10/28/85 0.020
11/18/85 0.020
12/16/85 0.020
01/27/86 0.020
02/24/86 0.020
03/24/86 0.020
04/25/86 0.020
05/26/86 0.020
06/30/86 0.020
07/29/86 0.020
08/25/86 0.020
09/29/86 0.040
10/27/86 0.020
11/24/86 0.020
12/22/86 0.020
01/21/87 0.020
02/24/87 0.020
03/24/87 0.020
04/27/87 0.020
05/26/87 0.002
06/29/87 0.430
07/30/87 0.020
08/28/87 0.120
09/25/87 0.160
10/27/87 0.100
11/23/87 0.040
12/22/87 0.040

Table E-1 shows the sampling date, the total chromium concentration (Cj) and the square of (C; -
Cave).
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Table E-1
Sampling Date, and values of C; and (Ci- Cyye) 2

Date Cimg/L (Ci-Cave)
08/26/85 0.020 0.00070866
09/30/85 0.020 0.00070866
10/28/85 0.020 0.00070866
11/18/85 0.020 0.00070866
12/16/85 0.020 0.00070866
01/27/86 0.020 0.00070866
02/24/86 0.020 0.00070866
03/24/86 0.020 0.00070866
04/25/86 0.020 0.00070866
05/26/86 0.020 0.00070866
06/30/86 0.020 0.00070866
07/29/86 0.020 0.00070866
08/25/86 0.020 0.00070866
09/29/86 0.040 0.00004383
10/27/86 0.020 0.00070866
11/24/86 0.020 0.00070866
12/22/86 0.020 0.00070866
01/21/87 0.020 0.00070866
02/24/87 0.020 0.00070866
03/24/87 0.020 0.00070866
04/27/87 0.020 0.00070866
05/26/87 0.002 0.00199101
06/29/87 0.430 0.14697970
07/30/87 0.020 0.00070866
08/28/87 0.120 0.00538452
09/25/87 0.160 0.01285487
10/27/87 0.100 0.00284935
11/23/87 0.040 0.00004383
12/22/87 0.040 0.00004383

1.352 0.18507280
S = 0.0813 Cave = 0.0466

The acceptance region is:
00 <C<021

NBC Cave of the values that fall in the acceptance region

NBC

0.033 mg/L
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Color Required Dilution Determination Case Example

In this section, an example of a color required dilution is described. This is a hypothetical
case, all the data is fictitiuos.

Site Description

The Morovis Aqueduct and Sewer Authority discharges one hundred thousand (100,000)
gallons per day of wastewaters to the Morovis River from a water treatment plant. The
effluent contains 25 color units (platinum - cobalt) and a pH of 9 SU. The Morovis
River contains 3 color units and a pH of 7 SU. The WQS for color is 10 color units.

Determine the required dilution (Dy) for color.

Solution
1. Eleven (11) nessler tubes were prepared as follow:
Nessler Tube # %e

1 0
2 10
3 20
4 30
5 40
6 50
7 60
8 70
9 80
10 90
11 100

2. The color units and the pH in each nessler tube were determined and Table

F-1 shows the values obtained.
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Table F-1
Color and pH Units for Appendix F

Case Example

Nessler Tube # %oe Color Units pH
1 0 3 7.00
2 10 6 705
3 20 9 7.10
4 30 12 715
5 40 14 7.20
6 50 16 7.30
7 60 18 740
8 70 20 7.50
9 80 22 7.70
10 90 24 795
11 100 25 9.00

The color units were plotted vs. the %e on a graph paper and are shown on Figure
F-1.

The %e where the color is in compliance with the applicable WQS was determined
and a value of %e = 25 was obtained.

The D, was computed as follows:

, 100
%e

, - 120 _,
25
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Figure F-1
Color Units vs. Effluent %

Color Units

30

25

20

15

10

Table F-1
Color Units vs. Effluent %

%e = 25%

20 30 40 50 60 70 80 90 100
Effluent % (%e)
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