An Introduction To The Use Of

Modeling of Surface Waters For
TPDES Permits




What Purpose Does Modeling Serve
in the TPDES Permitting Process?

* Develop permit parameters for the protection
of surface water dissolved oxygen levels

 Develop mixing estimates for discharges
using diffusers
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Why Model Dissolved Oxygen (DO)?

Good general measure of water quality

* * Essential for the survival and propagation of
| aquatic life

"« Science associated with DO is reasonably well
understood

e Oxygen demanding constituents are commonly
found in wastewaters

Long regulatory history of DO modeling




Why Model Diffusers?

Most water quality standards apply at the edge
of mixing zones, so effluent fraction at these
distances needs to be estimated

* Processes driving mixing potential are complex
and require numerical analysis

 Enhanced mixing characteristics of diffusers can
be predicted quantitatively with models

o Better site-specific predictions of necessary
permlt I|m|ts for Toxms can be derlved
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| Collection of mathematical equations meant to
. | describe interrelated chemical and physical
- processes controlling DO in natural waters
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| Or, Alternatively

A dissolved oxygen accounting program that
" | considers the major sources and sinks of DO
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APPENDIX A ~ CONSTITUENT INTERACTIONS
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f Simple Model Equation
~ (Streeter-Phelps)

kil
D=t (g g | D

kg — by

D is the saturation deficit, (D = DOsat - DO)
k, is the deoxygenation rate

k, is the reaeration rate

L, is the initial oxygen demand of organic
matter in the water, also called the ultimate
BOD (BOD at time t=infinity).

D, is the initial oxygen

t is the elapsed time
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| Diffuser Modeling: What Factors aref:

Considered?

- IFactors afecting mixing: |

Diffuser geometry
Single/multi-port
Position/orientation in the water column

Boundary interactions
Shore/bottom hugging plumes

Mass/Volume flux
Flow Rate
Pollutant concentration

Mixing Processes
Jet mixing

Buoyant spreading
Density Currents
Diffusion
Advection



Models: What are Their Strong

il . Results are repeatable and con5|stent

B Hypothetical pollutant loading and
environmental conditions can be evaluated
quickly and efficiently

" |+ Can be set up to run conservative (protective)|

| scenarios without the need to collecta large |
| amount of site-specific data 3




Models: What are Their Limitations?

 Nature is complex, even the most
sophisticated models are simplifications

|« Can have a steep learning curve, requires a
lot of attention to detail

e Results are sensitive to data quality (garbage
in = garbage out)

* No one model is appropriate for all situations

 Aren’t too useful in a regulatory context
without detailed operating procedures
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Models are Simplifications
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Model Reality
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QUAL-TX Input File

CNTROLO1 EXAMPLE DATA SET FOR QUAL-TX Version 3.5
CNTROLO2 HYPOTHETICALSTREAM SYSTEM

CNTROLO3 YES ECHO DATA INPUT

CNTROLO4 YES INTERMEDIATE SUMMARY

CNTROLOS YES CAPSULE SUMMARY

CNTROLOG6 YES FINAL REPORT

CNTROLO7 YES LOADING SUMMARY

CNTROLOS8 YES SPECIAL REPORT

CNTROLO9 YES LINE PRINTER PLOT

CNTROL10 YES OVERLAY PLOTS

CNTROL11 NO GRAPHICS CAPABILITY

CNTROL12 NO SEQUENCING OUTPUT

CNTROL13 YES METRIC UNITS

CNTROL14 YES OXYGEN DEPENDENT RATES

CNTROL15 NO SENSITIVITY ANALYSIS

CNTROL16 NO FLOW AUGMENTATION

ENDATAO1

MODOPT01 NO TEMPERATURE

MODOPTO2 YES SALINITY

MODOPTO3 YES CONSERVATIVE MATERIAL | = CHLORIDES IN MG/L
MODOPTO04 YES CONSERVATIVE MATERIAL Il = SULFATES IN MG/L
MODOPTO5 YES DISSOLVED OXYGEN

MODOPTO6 YES BIOCHEMICAL OXYGEN DEMAND
MODOPTO7 YES NITROGEN

MODOPTO8 YES PHOSPHORUS

MODOPT09 NO CHLOROPHYLLA

MODOPT10 NO MACROPHYTES

MODOPT11 YES COLIFORM

MODOPT12 YES NONCONSERVATIVE MATERIAL = RADIOTRACER IN CPM

ENDATAOQ2

PROGRAM MAXIMUM ITERATION LIMIT = 200.

PROGRAM PLOT CONTROL VALUE =8

PROGRAM INTERMEDIATE REPORT TYPE ==l )

PROGRAM SPECIAL REPORT TYPE = 1. (1=WQ, 2=COEFF, 3=HYDR, 4=PLOTCNTRL)
PROGRAM FINAL REPORT TYPE =]t

PROGRAM BOD OXYGEN UPTAKE RATE =243

PROGRAM TIDE HEIGHT (METERS) = 033



More Input

ENDATAO3

ENDATAO4

ENDATAOQ5

ENDATAO6

ENDATAOQ7

REACHID 1 BR UPPER 200 150 0.5
REACHID 2 BR UPPERTIDAL 15.0 10.0
REACHID 3 LR UPPER 15.0 10.0 0.5
REACHID 4 LR MIDDLE 10.0 50 0.5
REACHID 5 CCUPPER 6.0 3105 0:5
REACHID 6 CCLOWER 3.0 0.0 05
REACHID 7 LRLOWER 5.0 3.0 05
REACHID 8 LRTIDAL 3.0 0.0, 045
REACHID 9 BR MIDDLE TIDAL 10.0 5.0
REACHID 10 BR LOWER TIDAL 5.0 0.0
ENDATAO8

HYDR-1 1 0.10 0.5 0.35 0.4 0.035
HYDR-1 2 0.05 0.5 0.15 0.4 0.035
HYDR-1 3 0.19 0.5 0.50 0.4 0.035
HYDR-1 4 0.10 0.5 0.35 0.4 0.035
HYDR-1 5 0.20 0.5 0.50 0.4 0.035
HYDR-1 6 0.10 0.5 0.35 0.4 0.035
HYDR-1 7 0.07 0.5 0.20 0.4 0.035
HYDR-1 8 0.05 0.5 0.15 0.4 0.035
HYDR-1 9 0.005 1.0 0.0 0.0 1.5 0.035
HYDR-1 10 0.005 1.0 0.0 0.0 1.5 0.035
ENDATAQ9

HYDR-2 2 03 500 0.0 0.0 0.0

HYDR-2 8 0.2 200 0.0 0.0 0.0

HYDR-2 9 0.8 1000 0.0 0.0 0.0

HYDR-2 10 1.0 250.0 0.0 0.0 0.0

ENDATA10

INITIAL 1 270 10 50 1.0 1.0 10 2.0 0.0
INITIAL 2 280 50 50 1.0 1.0 10 2.0 00
INITIAL 3 250 00 50 1.0 1.0 10 2.0 0.0
INITIAL 4 270 00 50 10 1.0 10 2.0 0.0
INITIAL 5 270 00 50 1.0 1.0 10 2.0 0.0
INITIAL 6 280 00 50 1.0 1.0 10 2.0 0.0
INITIAL 7 280 1.0 50 1.0 1.0 10 2.0 0.0
INITIAL 8 290 50 50 1.0 1.0 1.0 2.0 0.0

0.5

1.0
1.0

e



Even More Input File

INITIAL 9 300 100 50 1.0 1.0 1.0 2.0 0.0
INITIAL 10 30.0 100 5.0 1.0 1.0 1.0 2.0 0.0

ENDATA11

COEF-1 1 11.00.0 0.0 0.0 0.20 0.10 0.20 1.0
COEF-1 2 11.00.0 0.0 0.0 0.50 0.10 0.20 1.0
COEF-1 3 11.00.0 0.0 0.0 0.20 0.10 0.20 1.0
COEF-1 4 11.00.0 0.0 0.0 0.20 0.10 0.20 1.0
COEF-1 5 11.00.0 0.0 0.0 0.20 0.10 0.20 1.0
COEF-1 6 11.00.0 0.0 0.0 0.20 0.10 0.20 1.0
COEF-1 7 11.00.0 0.0 0.0 1.0 0.10 0.20 1.0
COEF-1 8 11.00.0 0.0 0.0 0.50 0.10 0.20 1.0
COEF-1 9 1.00.50 0.0 0.0 1.0 0.10 0.20 1.0
COEF-1 10 1.00.50 0.0 0.0 1.0 0.10 0.20 1.0
ENDATA12

COEF-2 1 0.05 0.10 1.0 04 0.0 0.0
COEF-2 2 0.05 0.10 1.0 04 0.0 0.0
COEF-2 3 0.05 0.10 1.0 04 0.0 0.0
COEF-2 4 0.05 0.10 1.0 04 0.0 0.0
COEF-2 5 0.05 0.10 1.0 04 0.0 0.0
COEF-2 6 0.05 0.10 1.0 04 0.0 0.0
COEF-2 7 0.05 0.10 1.0 04 0.0 0.0
COEF-2 8 0.05 0.10 1.0 04 0.0 0.0
COEF-2 9 0.05 0.10 1.0 04 0.0 0.0
COEF-2 10 0.05 0.10 1.0 04 0.0 0.0
ENDATA13

ENDATA14

COEF-4 1 0.20 0.02 0.0 0.0

COEF-4 2 0.20 0.02 0.0 0.0

COEF-4 3 0.20 0.02 0.0 0.0

COEF-4 4 0.20 0.02 0.0 0.0

COEF-4 5 0.20 0.02 0.0 0.0

COEF-4 6 0.20 0.02 0.0 0.0

COEF-4 7 0.20 0.02 0.0 0.0

COEF-4 8 0.20 0.02 0.0 0.0

COEF-4 9 0.20 0.02 0.0 0.0

COEF-4 10 0.20 0.02 0.0 0.0

ENDATA15

INCR-1 1 0.0 015 0.0 0.5 750 30.0
INCR-1 3 0.0 020 0.0 0.5 750 30.0
INCR-1 4 0.0 010 0.0 05 750 30.0
INCR-1 5 0.0 020 0.0 05 750 30.0
INCR-1 6 0.0 010 0.0 05 750 30.0



Models: What are Their Limitations?

 Nature is complex, even the most
sophisticated models are simplifications

| * Can have a steep learning curve, requires a
| lot of attention to detail

e Results are sensitive to data quality (garbage
in = garbage out)

* No one model is appropriate for all situations

 Aren’t too useful in a regulatory context
without detailed operating procedures
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Models Commonly Used by WQA

CORMIX
— Diffusers

QUAL-TX
— Streams, rivers, estuaries, other linear water bodies

Continuously Stirred Tank Reactor (CSTR)
— Ponds, small lakes/reservoirs, coves of larger lakes

Water Quality Analysis Simulation Program (WASP)
— Lakes, reservoirs, estuaries, can also be used for rivers
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Why SOPs?

e Ensure technical legitimacy
e Consistency — level playing field

 Helps with remembering all steps in a
complex process

* Transparency

(Still need to exercise good judgment — not all
possibilities can be anticipated and included in
SOPs)



FELUENT LIMITATIONS AND MONITORING REQUIREMENTS

During the period beginning upon the date of issuance and lasting through the date of expiration, the permittee
is authorized to discharge subject to the following effluent limitations:

The annual average flow of effluent shall not exceed 2.5 million gallons per day (MGD); nor shall the average
discharge during any two-hour period (2-hour peak) exceed 4,403 gallons per minute (gpm).

Qutfall Number 001

Effluent Characteristic Discharge Limitations Min. Self-Monitoring Requirements
Daily Avg. 7-day Avg. Daily Max. Single Grab Report Daily Avg. & Daily Max.
mg/I (Ibs/day) mg/I mg/I mg/| Measurement Sample Type
Frequency

Flow, MGD Report N/A Report N/A Continuous Totalizing Meter

Carbonaceous Biochemical 10 (208) 15 25 35 Two/week Composite

Oxygen Demand (5-day)

Total Suspended Solids 15 (313) 25 40 60 Two/week Composite

Ammonia Nitrogen 3 (63) 6 10 15 Two/week Composite

Total Nitrogen Report (Report) N/A Report N/A One/month Composite

Total Phosphorus Report (Report)  N/A Report N/A One/month Composite

E. coli, CFU or MPN/100 ml 126 N/A 399 N/A One/week Grab

. The effluent shall contain a chlorine residual of at least 1.0 mg/I after a detention time of at least 20 minutes
(based on peak flow) and shall be monitored daily by grab sample. The permittee shall dechlorinate the
chlorinated effluent to less than 0.1 mg/I chlorine residual and shall monitor chlorine residual daily by grab
sample after the dechlorination process. An equivalent method of disinfection may be substituted only with
prior approval of the Executive Director.

. The pH shall not be less than 6.0 standard units nor greater than 9.0 standard units and shall be monitored
once per week by grab sample.

. There shall be no discharge of floating solids or visible foam in other than trace amounts and no discharge of
visible oil.

. Effluent monitoring samples shall be taken at the following location(s): Following the final treatment unit.

. The effluent shall contain a minimum dissolved oxygen of 5.0 mg/I and shall be monitored twice per week by
grab sample.

. The annual average flow and maximum 2-hour peak flow shall be reported monthly.



1. During the period beginning upon the date of issuance and lasting through the completion of the installation of the 25-port diffuser and the permittee=s
request * to advance to the Tier | phase, or the date of expiration, whichever occurs first, the permittee is authorized to discharge treated industrial and
domestic wastewaters * subject to the following effluent limitations:

The daily average flow of effluent shall not exceed 30.0 million gallons per day (MGD). The daily maximum flow shall not exceed 77.0 MGD.

Effluent Characteristics * Discharge Limitations Minimum Self-Monitoring Requirements
Daily Average Daily Maximum Single Grab  Report Daily Average and Daily Maximum
Ibs/day mg/l Ibs/day mg/l mg/I| Measurement Frequency ~ Sample Type
Flow (MGD) (Report) (Report) N/A Continuous Totalizing Meter
Biochemical Oxygen Demand, 5-day Report N/A Report N/A 160 1/day 24-hr Composite
(BODs)
Total Suspended Solids (TSS) Report N/A Report N/A 149 1/day 24-hr Composite
Oil and Grease Report N/A Report N/A 51.0 3/week Grab
Total Organic Carbon (TOC) Report N/A Report N/A 262 3/week 24-hr Composite
Ammonia -Nitrogen (NH;-N)1 Report N/A Report N/A 26.0 3/week 24-hr Composite
Temperature (Degrees Fahrenheit, F) (105) (115)* N/A Continuous In-Situ
Residual Chlorine, Total N/A N/A Report N/A 0.0175 1/week Grab
Enterococci (CFU/100 ml) (168)° (500) °® N/A 3/week Grab
Fluoride N/A 4.20 N/A 6.10 12.2 3/week 24-hr Composite
Phenol Report N/A Report N/A 0.150 1/month Grab
Phenolics (i.e., phenols) Report N/A Report N/A 0.679 1/week Grab
Sulfide Report N/A Report N/A 0.631 3/week Grab
Chromium, Hexavalent Report N/A Report N/A 0.0397 1/month 24-hr Composite
Chromium, Total 125 N/A 250 N/A 2.00 3lweek 24-hr Composite
Copper, Total 8.43 N/A 17.8 N/A 0.142 3/week 24-hr Composite
Cyanide, amenable to chlorination ’ 290" N/A 6.10 % N/A 0.0490 *® 3/week 24-hr Composite
220" N/A 3.63" N/A 0.0290 * 3/week 24-hr Composite
Lead, Total 37.1 N/A 78.5 N/A 0.627 1/week 24-hr Composite
Mercury, Total 0.673 % N/A 1798 N/A 0.0114 * 1/week 24-hr Composite
0.0572 * N/A 0.120 * N/A 0.0010 ** 1/week 24-hr Composite
Nickel, Total Report N/A Report N/A 0.218 3/week 24-hr Composite




Individual storm water
permits

Application
Team

v

WQA Section Permit
Coordinator

l

Standards Implementation
Team

Minor facilities

!

Critical Conditions

l All except individual storm water|

applications

DO Modeling

l Major facilities

Biomonitoring

|

Wastewater
Permitting
ection

General Functions

Administrative completeness review

Routes applications to technical review staff

Identifies receiving water uses/criteria
Screens effluent quality data submitted in the
application for certain constituents

Records outfall locations, estimates dilution
percentages and other key information used by
permit writer in developing WQ-based limits for
toxics

Performs dissolved oxygen modeling,
diffuser modeling, and alerts permit writer
to TMDLs, 303(d) issues, etc.

Prescribes Whole effluent Toxicity (WET) testing
requirements

Performs technology-based limit calculations, crafts
draft permit and backup documentation, guides
permit through the approval process



Water Quality Division
Modeling Staff

Tom Harrigan
Jim Michalk

Mark Rudolph
Taylor Sansom
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