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Septic Systems and Nitrogen Loads

The Septic Tank Home Wastewater —— .
gram for Onsite Management
Treatment and Disposal System in the Chesapeake Bay Watershed

June 2013

Prepared by:
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* Septic systems contribute approximated 8.3 million
pounds to the Bay, about 5% of the total nitrogen
load (USEPA, 2013).

*  While this is not the largest source of nitrogen
pollution to the Bay, it is important to reduce the
load from septic systems in the effort to improve
water quality.

* Given the trends in population growth, nitrogen
loads from septic systems are expected to increase.

e Sustainable decision-making and management of
nitrogen pollution due to septic systems are urgently
needed. 4



Potential Nitrogen Contributions
from On-site Wastewater Treatment Systems
to North Carolina’s River Basins and Sub-basins

North Carolina Agricultural Research Service (2007)
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N COASTAL

rstanding and
Reducing the Effects of
Nutrient Pollu

Recommendation:
Improve models so
they are more useful

to coastal managers
(National Research
Council, 2000).

e “Little is known, however, about the extent of nitrogen (N)
loadings to soils from on-site wastewater treatment systems

in North Carolina.”

* “As aresult, existing models and nutrient management plans
for the state’s watersheds, such as the Neuse River basin wide
nutrient reduction plan developed by the N.C. Department of
Environment and Natural Resources (N.C. DENR, 1997), have

typically ignored these potential inputs.”
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Schematic of an Onsite Sewage Treatment and Disposal System and
Subsurface Nitrogen Transformation and Removal Processes
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Soil Processes: Simulated

using VZMOD
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 Solute transport
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Groundwater Process:
Simulated using ArcNLET
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« Solute transport
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Why Developing ArcNLET?

There is no suitable tool for estimating nitrate load to meet
TMDL requirements and perform nitrogen BMAPs. Existing tools
are either too simple or too complex.

Develop a simplified model that consider key hydrogeologic
processes of groundwater flow and nitrate fate and transport.

Implement the model by developing a user-friendly ArcGIS
extension to
— Simulate nitrate fate and transport including the denitrification process
— Consider multiple septic tanks

— Provide a management and planning tool for environmental management
and regulation

Disseminate the software and conduct technical transfer to FDEP
staff and other interested parties.



What is ArcNLET?
ArcGIS-based Nitrate Load Estimation Toolkit
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Simplified Conceptual Model to
consider key hydrogeologic
processes involved in nitrate
transport:

UNDERSTANDABILITY —»

COMPLEXITY ——»
B PETIIES « Groundwater flow
e O R S T model to estimate
&) - flow path

- flow velocity

- travel time
* Nitrate transport model

to consider

- Advection

- Dispersion

- Denitrification
4  Load estimation model
- to estimate nitrate load




lllustration of simulated nitrate plumes
and nitrate load
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Software Download and References

 ArcNLET: http://people.sc.fsu.edu/~mye/ArcNLET
e VZMOD: http://people.sc.fsu.edu/~mye/VZMOD

* Peer-reviewed publications:

— Ye, M., J.F. Rios, and L. Shi (2014), A new ArcGIS-based software of uncertainty
analysis for nitrate load estimation, Ground Water, Software Spotlight, Accepted.

— Rios, J.F. (student), M. Ye, L. Wang, P.Z. Lee, H. Davis, and R.W. Hicks (2013),
ArcNLET: A GIS-based software to simulate groundwater nitrate load from septic
systems to surface water bodies, Computers and Geosciences, 52, 108-116,
10.1016/j.cageo.2012.10.003.

— Wang, L. (post-doc), M. Ye, J.F. Rios, R. Fernandes, P.Z. Lee, and R.W. Hicks (2013),
Estimation of nitrate load from septic systems to surface water bodies using an
ArcGIS-based software, Environmental Earth Sciences, DOl 10.1007/s12665-013-
2283-5.

— Wang, L. (post-doc), M. Ye, P.Z. Lee, and R.W. Hicks (2013), Support of sustainable
management of nitrogen contamination due to septic systems using numerical

modeling methods, Environment Systems and Decisions, 33, 237-250,
doi:10.1007/s10669-013-9445-6.
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Simplifications and Limitations in Groundwater
Flow Modeling

Simplifications:

* Treat water table as subdued replica of topography
(Process topographic to approximate shape of water
table)

e Use Dupuit assumption to simulate 2-D, horizontal
groundwater flow

Limitations:
e Steady-state flow
e 2-D flow instead of fully 3-D flow

Land Surface Water Table
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Simplifications and Limitations in Nitrate
Transport Modeling
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Simplifications and Limitations in
Nitrate Transport Modeling

e Simplifications:
— Analytical solution of transport model with uniform flow
— Linear kinetic reaction for denitrification process

* Limitations:

— Only consider nitrate (a new module is being developed to
simulate ammonium)

— Pseudo-3D model
— Steady state model
— Use of empirical or calibrated value of decay coefficient

15



Input Data of ArcNLET

All input data files are in ArcGIS format.

Locations of septic tanks

Locations of water bodies

dashed line: Drain field of
nitraie deplsted Onsite Wastewater Treatment Systam (OWTS)
no Impact to lake

space.
denitrification calculate:

Topography (DEM: Digital Elevation Model):
Process it to obtain water table

Hydrogeological and transport parameters

— Smoothing factor (used to process topography)

Hydraulic conductivity (from SSURGO)
Porosity (from SSURGO)

Dispersivity

Decay coefficient of denitrification

Source load and concentration
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Requirements on Potential Users

The GUI make it easier for some with little experience in analyzing
groundwater transport problems to apply a solute-transport
model to a field problem.

Users of ArcNLET need to have

— Basic knowledge of hydrogeology such as concepts of groundwater flow
and solute transport

— Intermediate level of ArcGIS skills for preparing input files and visualizing
software output files

A model (simple or complex) is not an end in itself, but a tool to
organize one’s thinking and engineering judgment.
Interpretation and improvement of ArcNLET results require

— Fundamental understanding of groundwater flow and solute transport

— Familiarity with site-specific information such as geology and hydrogeology

It may be useful to test and tune the model for several
representative sites to find representative parameter values and
use them for prediction.

17



Model Calibration

* The ArcNLET model requires several model
parameters that are largely unknown, which is
common in groundwater modeling.

* The parameter values may be obtained from
literature review, but the values are not site-
specific.

* A better way to determine site-specific parameter
values is model calibration to adjust the
parameter values to match model simulations to
site observations of system state variables such as
hydraulic head and nitrate concentration.



Manual Model Calibration:
Trial and Error

“Intelligent” mechanism
for model adjustment

19



Hydraulic head (m)

Example Model Calibration

Eggleston Heights with 3,500 OSTDS

* Two neighborhoods in the City of

Jacksonville:

— Eggleston Height
— Julington Creek

e Relatively large amount of
observations of hydraulic head and
nitrate concentrations are available.

—— AM-MW-1

Average values are
used as the
calibration targets.

Nitrate Concentration(mg/L)

02/17/05 07/02/06 11/14/07 03/28/09 08/01/04 12/14/05 04/28/07 09/09/08 01/22/10 20
Date(mm/dd/yy) Date(mm/dd/yy)



Model Callbratlon Results Heads

Land Surface

Water Table

Bottom of Surficial Aquifer

The smoothed DEM agrees well with the mean observed hydraulic
head, because the correlation coefficient (0.93) and the slope of
linear regression (1.03) are close to one.

Hydraulic head & smoothed DEM (m)
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Model Calibration Results: Nitrate
Concentrations

The simulated nitrate
concentrations are close to the
mean observations.

Because of the large variability
of concentration observations,
it happens often that simulated
nitrate concentrations deviate
from mean observations.

We consider that the calibration
is reasonable if the simulations
fall within the inter-quartile of
the observed concentrations,
which covers 50% of the data.
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Challenges: Uncertainty in
Input Parameters and Load Estimates

Poetry of Donald H. Rumsfeld:
Feb. 12, 2002
Department of Defense news briefing

The Unknown

As we know,

There are known knownes.

There are things we know we know.
We also know

There are known unknowns.

That is to say

We know there are some things

We do not know.

But there are also unknown unknowns,
The ones we don't know

We don't know.

The calibrated parameters are
just one possible
combination, and there may
be other parameter
combinations that give similar
model fit but different load
estimates.
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An lllustrative Example

Parameter ranges:

Hydraulic conductivity (K): 0.0864 ~ 30.4992 m/d
Longitudinal dispersivity (a,): 0.21 ~21.34 m
Horizontal transverse dispersivity (a;): 0.021 ~2.134 m
First-order decay coefficient (k): 0.004 ~ 2.27 /d

Parameter set 1 Parameter set 2 Parameter set 3
Load=0.15 Ib/day Load=0.25 Ib/day Load=0.60 Ib/day
a,=2.113m, a,=0.234m a,;=2.113m, a;=0.234m a,=21.34m,a,=0.021m

k=0.008/d k=0.004/d k=0.004/d




ArcNLET-MC for Uncertainty Quantification

Recent

v released in ArcNLET 2.0.
et - e orc S - = e

File  Help
Setup | Random Varables I Deterministic Parameters I Emeq_rtel

LHS Setup

Title julingtonclip meed 201 20723.1505

Mumber of -~ Bandom 1| Process a Subset
Realizations 10 | Seed 672835607 | of Reslizations ]

Monitaring Paoints
Select a layer containing points where raster data will be sampled

Output Setup
Cutput Folder (&ll generated files will be stored in this folder)

File Management. Controls how output files will be handled after they are used
@ Keep all realizations i) Delete all realizations
) Keep first n realizations i) Keep every n'th realization n: |20

) Keep only these realizations [comma separated)

Message Log

15:05:50 Filing in values on MainForm -
15:05:50 ArcNLET UA load
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Uncertainty Analysis

Histogram of Load

600
Mean: 566 g/d

500 - Median: 306 g/d

Mode: 200 g/d

Lower quartile:168 g/d
Upper quartile: 687 g/d
95% percentile: 1897 g/d

D

o

o
!

Frequency
w
o
o
|

200 - Maximum estimate: 4654 g/d
100 -
O T T T I T I I I I I I I I I I I I I I
O O O O O O OO OO O 0O OO0 O o oo oo o o o o
O O O O OO OO OO0 OO0 OO0 oo oo oo o o o
1 M OO MN O 1M UMM O A M LW MN~NOO I M LW NN~ O «1 M
1 1 1 1 1 N N N N N MO MO ;MmO o ;M F <
Load (g/d)

The load estimation has large uncertainty.
Uncertainty reduction can be achieved if more data and .,
information becomes available. *



ArcNLET modeling for the City of Port
St. Lucie, the City of Stuart, and
Martin County

- | A technical report
has been submitted
o8 to FDEP. It can be
requested from me
=_ or Katie directly.

27



Modeling Procedure

For each site, whenever site-specific data are available,

Compile historical data to understand groundwater flow
and nitrogen transport at the modeling sites. (Chapter 3)

Select calibration data of hydraulic head and nitrogen
concentration to estimate ArcNLET flow and transport
model parameters. (Chapter 3)

Calibrate the ArcNLET model. (Chapter 4)

Simulate nitrogen transport at the modeling site, using
the calibrated model. (Chapter 4)

Estimate the nitrogen load. (Chapter 4)

Conduct Monte Carlo simulation to address uncertainty
in model parameters. (Chapter 5)
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Compiled Data: Water Level

The data in the modeling sites are old (measured in the period
of 1988-1995), but their average values are still representative
of the groundwater conditions of the modeling sites.
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Compiled Data:
Nitrogen Concentratlon

* Observations of nitrogen

concentrations are extremely scarce. E’ 12 - q
* Four data are available in the City of £ ;Z A A T e
Port St. Lucie and one data in Martin g .
g ¢
County. ol o i
* The data at well PG-25 was measured £ o2- i i X
. < & $ é
In 1976-1977. The Other four data o0 SOFLSUS2-19 | SO|=LSUS_2-25:I SOFLShS2-21 ISO|=LS£JS2-'1T"
were measured in 2008. Monitoring wells
__Area | Wells | Datasource | NO,____|  NH4 | TN/DIN
oG elgas SOFLSUS2-19 USGS 0.040 0.220 0.380
St. Lucie SOFLSUS2-21 USGS 0.021 0.349 0.520
SOFLSUS2-23 USGS 0.040 0.900 1.260
PG-25 USGS 0.005 0.283 0.288

SOFLSUS2-17 USGS 0.002 0.210 0.290
County

More data are necessary to validate the modeling results, improve nitrogen

transport modeling, and reduce estimation uncertainty. -



Data for ArcNLET Modeling
* All the GIS data needed for ArcNLET modeling
are available in the public domain or from
local environmental agencies.

* Local data are important, e.g., the canals in
the City of Port St. Lucie.

5 )
Local
Local
canal data
canal data
+
National

NHD data
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Simulated Nitrogen Plumes

A strong correlation is E . .
observed between the median £ "] .
values of surface water P, er e e
nitrogen concentration and D * .

the nitrogen loads to the £, y= 32,258+ 10958
corresponding surface water - e
bodies. = o0 . . .

1.0E-05 1.0E-04 1.0E-03 1.0E-02 1.0E-01

Groundwater nitrogen load per unit length (Kg d'm)

’ BN yater body

114 wiater bodw 1D

Concentration value
M High: 62.3016




Spatial Variability of Nitrogen Plumes

Spatial variability is obvious at different modeling sites,
e.g., Seagate Harbor (left) (reduction ratio of 10.8%)
and Hobe sound (right) (reduction ration of 70.5%) in
the Martin County.




Nitrogen load estimate (g/d)
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Factors Controlling Load Estimate

In the City of Port St. Lucie, the load estimate increases when the
drainage condition changes from very poorly drained to excessively
drained, because nitrogen transport is faster in well-drained soil is
faster than in poorly drained soil.

(]
L

VPD: very poorly drained

PD: poorly drained

SPD: somewhat poorly drained
MWD: moderately well drained

WD: well drained
SED: somewhat excessively drained
] I ED: excessively drained

VPD PD SPD MWD WD SED The number of septic systems
(93) (4882)(386) (8) (3) (216) {4] corresponding to each drainage condition
Drainage categories is given in the parentheses

(]
=
1

(B
L
1

(BN
=
1

LA
1

Nitrogen load estimate (g/d)

=
]

35



Comparison with Literature Data

The nitrogen reduction ratios in this study have a large range
but are comparable with the literature data, especially with
that of Roeder (2008) obtained in the Wekiva Studly.

Reference Site Location Daily nitrogen | Daily nitrogen loadings Nitrogen
loads per septic to surface water per reduction ratio

system (g/d) septic system (g/d)

Wekiva Study Area, 21.7 70.0% 2
FL

Wagquoit Bay, MA 23 9.87" 57.1%

Mclntosh County, 65-85 % ¢

GA

This study Port St. Lucie, FL 23 7.60 67.0%

Stuart, FL 23 11.4 50.4%

North River Shores, 23 20.3 11.7%
FL

Seagate Harbor, FL 23 20.5 10.8%

Banner Lake, FL 23 8.15 64.6%

Rio, FL 23 4.80 79.1%

Hobe Sound, FL 23 6.78 70.5% 36



The septic system removal
(actual and hypothetical) is

* absolutely worthy for the
North Fork and Basin 4-5-6
sub-basins,

* (somewhat) worthy for the
South Fork sub-basins,

 unworthy for C-24, C-23 and

C-44/S-135 sub-basins.

Percentage of nitrogen

load from septic systems EELE &1V Wik A

to BMAP estimated load
Percentage of load
reduction of removed

septic systems to BMAP [IEEEIACIIRVASKE

required reduction
Percentage of load

reduction to BMAP 81.02% 0.06%

required reduction

1.66%

1.71%

3.25%

Basin c-44/

0.00%

0.00%

0.00%

31.20%

17.02%

85.75%

- .
X
Cr ®
e

10.33%

1.35%

25.76%
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Uncertainty Analysis:
Compare with Field Observations

* A monitoring well is available at the site.
 Random parameters based on literature data

Smoothlng Zlailgd  Uniform
Longitudinal
Dispersivity
Source Plane
) Normal
Concentration

Decay Coefficient [Nel:{ile]f11F]

1

25

5.4E-5

 Random parameters (hydraulic
conductivity) based on site-specific data.

e il
FID

3.629

-. 12.18
9 [EEPRE

7.949
18.14
18.14

12.18
24.36
24.36

N/A
N/A

N/A
N/A

100

80
0.015




1200

The simulated concentration at the
monitoring location follows a
lognormal distribution, which is
attributed to the lognormal
distribution of the first-order decay
coefficient of denitrification, the
most influential parameter to
nitrogen concentration.

1000

800

600

Frequency

400

200

O c
0 2 4 6 8

Nitrogen concentration (mg/L)

* The histogram indicates that, with the parameter distributions
considered in this study, it is significantly more likely for the
model to simulate low concentration values than to high values.

* This is consistent with the low nitrogen concentration of 0.29
mg/L observed at the monitoring well, suggesting that the
calibrated model is likely to reflect nitrogen transport at the
calibration site. 30



Nitrogen load estimate (kg/d)
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The estimated loads corresponding to
the calibration data is relatively large.

The overall positive correlation
indicates that larger nitrogen
concentration corresponds to larger
load.

However, larger load estimate may be
still possible for low concentration,
because uncertainty in the load
estimate increases when the simulated
concentration decreases.

The uncertainty can be reduced by
collecting more field observations
(e.g., continuous monitoring at the
well), as more monitoring data can
remove the realizations that cannot
simulate the monitoring data.



Nitrogen load estimate (kg/d)

Use of Monitoring Data

Nitrogen concentration (mg/L)

14 For Calibration:
¢ :
1.2 1 * Are the one-time measurements of
10 1 i ANH4 ¢TN ¢ NOx nitrogen concentration representative of
08 - nitrogen concentration in time?
06 -
¢ * Are the measurements at the several

04 - . . .

i L X locations representative in space?
0.2 - i

1 H . .
0o ' S S SR | * The model calibration can be updated by

SOFLSUS2-19 SOFLSUS2-23 SOFLSUS2-21 SOFLSUS2-17 assimilating the new data.

Monitoring wells
For Uncertainty Reduction:

. * If observed nitrogen concentrations are
continuously higher than the simulated
value, the bottom figure indicates that the
load estimate will be higher with smaller

- uncertainty.

4+ |If the opposite, we can update the

1 modeling results by removing the

realizations that give higher concentration,
which will also reduce the uncertainty and

2%, 20 20 6.0 8.0 give more certain load estimate. 41
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On-Going ArcNLET Modeling for IRL

Help from Vincent Burke, Arjuna

Data collected and .
Weragoda, and Will Rice for data

compiled: L .
. collection is greatly appreciated.
¢ LlDAR DEM (15ft al"ld el coul = e .ma@::w 3 \ . L
5ft) RS e T
. . 3 ==
Septic tanl.< locations ey
(parcels with no sewer B e o
service) W T
. il ?_ Pqﬂﬂ/.F i
* Water bodies (canals, e T g %
. . R o B . 4 LI e
waterbodies, shorelines, = & ; HU i s
) Pl ;j —:Ell "
* Hydraulic conductivity E R sk iy, |
. N e R e T =
and porosity (SSURGO) Main Canal and South Canal
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Devils in Details

* ~1% error in septic tank locations

* |nconsistent between the datasets (e.g., DEM
and SSURGO)

* Site-specific handling (e.g., landfill with
elevation of 111 ft)

i‘.
: H.0d
| ] °




Future Work

Clean the data needed for setting up ArcNLET
flow and transport modeling.

Collect monitoring data of hydraulic head and
nitrogen concentration.

Conduct model calibration and estimate nitrogen
load in an iterative manner when new data (e.g.,
seepage measurements) arrive.

Evaluate the load estimates and make
management suggestions.



Model Integration

Ammonia
Volatilization
NH K NHj{g}

1l

Ammenification

Plant Nitrogen
Recyleing

ant Nitrogen
" Uptake
Infiltrative Surface -

4

. and Soil Sorption

. Organic N—+ NH '

. 'y Denitrificatio . NH, _'.NOI NH "”?NH;{SF -
Soil Treatment N0~ N (g) ¥ .
¥ 3 2g L
Unit (STU)
v MRS R
Denitrification, ik .
' NQ;,- -N(@ | >

From Heatwole and McCray (2007)

Soil Processes: Simulated

using VZMOD

» Unsaturated flow

 Solute transport

« Nitrification and
denitrification

Groundwater Process:
Simulated using ArcNLET
« Groundwater flow

« Solute transport

* Denitrification

ArcNLET-MC: Quantify
uncertainty of ArcNLET
simulations 45



Conclusions

ArcNLET has been developed as a numerical model
and software for nitrogen load estimation.

The software has been used for several different
sites in Florida.

Preliminary modeling for IRL has started, and
modeling results should be available in next couple
of months.

Modeling results (including uncertainty
guantification) may be useful to management of
nutrient pollution in IRL.

Model results can be used to provide insights and
guidelines of data collection.



Questions, Suggestions, and Comments?
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Application at Eggleston Heights and
Julington Creek Neighborhoods, Jacksonville

Eggleston Heights with 3,500 OSTDS  Julington Creek with 2,000 OSTDS

e — ‘o . oy %

Reasons of selecting the two sites:

e Nitrate due to septic systems is believed to be one of the reasons of nutrient enrichment
in surface water bodies (Leggette et al., 2004)

e Relatively large amount of observations of hydraulic head and nitrate concentrations4gre
available.



Food for Thought

Victor Baker, the former President of the Geological Society of
America, Member of Academy of Sciences, once said:

“Allowing the public to believe that a problem can be resolved ...

tf}roij.gh elegantly formulated ... models is the moral equivalent
of a lie”

Pilkey, O.H. and L.P. Javis, 2007. Useless Arithmetic — Why
Environmental Scientists Can’t Predict the Future, New York,
Columbia University Press.

Leonard Konikow (2011, Ground Water): “the secret to

successful solute-transport modeling may simply be to lower
your expectations.”

49
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Challenges of Applications

e Keith Beven (2001): The Dalton Lecture

How far can we go in distributed hydrological
modeling?

“The principles are general and we have at least a qualitative
understanding of their implications, but the difficulty comes in
the fact that we are required to apply hydrological models in
particular catchments, all with their own unique
characteristics.”

* For a fixed model structure, model outputs are
determined by model parameters. However, in most
applications, there is no site-specific measurements
of model parameters.
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Monte Carlo Method to Address
Parametric Uncertainty

ldentify random parameters X and their distributions p(x)
(uncertainty characterization)

Draw samples (x) from the distributions
Run the model, y=f(x), for each sample
Obtain probability density function, p(y) of desired predictions

pP(x) oy
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What do we have?

* SSURGO database for Duval County thai
contains hydraulic conductivity and
porosity

* Observations of hydraulic head and
nitrate concentration

* Evidence of denitrification

What do we need?

Smoothing factor

Dispersivity
Decay coefficient of denitrification

Source plane size and concentration

12

5°0 (%o) .
N B » (o] o

o

—Linear relationship
— Slope close to 0.51
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Schematic of an Onsite Sewage Treatment and Disposal System
(OSTDS) and Subsurface Nitrogen Transformation and Removal
Processes

ro— Soil Processes: Simulated
ana}iﬁzaﬁon using VZMOD
NH," NH,(g)

Plant Nitrogen * Unsaturated flow

Recyleing 1 I I  Solute transport

* Nitrification and

denitrification

ant Nitrogen

Ammnniﬁcmim'lr
- Organic N— NH '
. and Soil Sorption

Soil Treatment F’;giﬂ'f;a‘gg;i M eNa - Groundwater Process:
Unit (STU) st - - Simulated using ArcNLET
- « Groundwater flow
o ——— . -~ Solute transport
| Noo=ng 17 ~ + Denitrification

ArcNLET-MC: Quantify

uncertainty of ArcNLET
From Heatwole and McCray (2007) simulations 53



lllustration for loamy soill

« Share data files of ArcNLET such as raster
files of DEM, hydraulic conductivity and
porosity.

» Model parameters for various soil types.

« Estimate nitrate load to groundwater for

multiple septic tanks.

74 Nitrate Fate And Transport In Soil

Select Soil Types

© Clay

Clay Loam

CN e

Loam

Loamy Sand
Sand

Sandy Clay
Sandy Clay Loam

Sandy Loam

Hydraulic Parameters

HLR 20

aG 0021
aVG 0.011
Ks 12.04
6r 0.061
6s 0.399
n 1.474
m 031
1 0.5

Silt

Silty Clay

Silty Clay Loam

ol el el el el el el sl e

Silty Loam

Multiple source

Source locations file(point)

Hydraulic conductivity file(raster)

Soil porosity file(raster)
Smoothed DEM file (raster)

DEM file (raster)

Temperature Parameters

T 18.5
Topt-nit |25.0
Topt-dnt |26.0

Nitrification Parameters

Kr-max |56.0
Km-nit |50
e 2.267
e3 1104
Bnit 0.347
fs 0.0
fwp 0.0
swp 0.154
sl 0.665
sh 0.809

Effluent Concentrations
CD-NH4 600

C0-NO3 |10

Denitrification Parameters

Vmax 2.56
Km-dnt 50
e-dnt ENFL
Bdnt 0.347
sdn 0.0
Water Table Depth
Distance |288

Output Concentrations
C-NH4 1e-05

C-NO3 30.764884896

29.4534195829 mg/l
Mitrate concentration
28.0753677696 mg/l
Mitrate concentration
26.0708917094 mg/l
Mitrate concentration
25639511792 mg/l

Mitrate concentration
28.7852402434 mg/l
Mitrate concentration
26.2275453238 mg/l
Mitrate concentration
26.144834313 mg/l

Mitrate concentration
276454796131 mg/l
Mitrate concentration
30.7648848965 mg/l

of Septictank 579 is
of Septictank 580 is
of Septictank 581 is
of Septictank 582 is
of Septictank 583 is
of Septictank 584 is
of Septictank 585 is

of Septictank 586 is

Copying the source point file to the workspace
and adding the calculation results to it

A new shape file has

been created with

calculated nitrate concentrations added to the

field "N0_Conc"”

Calculation is done, you can check the

concentration profile of individual septic tank by |

the FID

Heterogeneous hydraulic conductivity and soil poresity Using smoothed DEM to calculate WTD

E:fjulingtonUA/sub_septictank.shp

E:/julingtonUA/hydr_cond_t.img

E:/julingtonUA/porosity_heter.img

E:/temp/smoothedDEM.img

E:fjulingtonUA/lidardem.img

4[|

Run

Check results

i

Quit

([E= [EEN 55

Please enter the FID of the septic tank that you want plot, then click "OK" button

10d oK

Concentration (mg/L)
0 10 20 30 40 50 60 70 80

20|' - : I ' I

‘74 Nitrate Fate And Transpert In Soil

Depth

(em)

280 F —  NMitrate

Ammonium

400

=[]

Please enter the FID of the septic tank that you want plot, then click "OK" button

E | oK

Concentration (mg/L)

0 10 20 30 40 50 60 70 80

4 Nitrate Fate And Transport In Soil

20 F
40 -
60 R

Depth

em) 0 L

140 -
160
180 -
200
220
240
260
280 | —_
300
320 F
340
360
380
400

Nitrate

Ammonium
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lllustration for sandy soill

74 Nitrate Fate And Transport In Soil

Select Soil Types

" Clay
Clay Loam
Loam

Loamy Sand

a0 0N

Sand

Sandy Clay
Sandy Clay Leam
Sandy Loam

Silt

Silty Clay

Silty Clay Loam

ol el el el el el el

Silty Loam

Multiple source

Seurce locations file(point)

Hydraulic Parameters

HLR

Temperature Parameters

Mitrification Parameters

Kr-rax

Km-nit

T 185
Topt-nit

Topt-dnt

Effluent Concentrations

o

C0-MNO3

Drenitrification Parameters

Water Table Depth

Distance

Output Cencentrations

53.201893354 mg/l

Nitrate concentration of Septictank 579 is
53.0670471461 mg/l

Mitrate concentration of Septictank 580 is
52.850533884 mg/l

Mitrate concentration of Septictank 581 is
52.8014814239 mg/l

Mitrate concentration of Septictank 582 is
5£3.138154856 mg/l

Mitrate concentration of Septictank 583 is
52.8681605868 mg/l

Mitrate concentration of Septictank 584 is
51.8469302575 mg/l

Mitrate concentration of Septictank 585 is
53.0224333877 mg/l

Mitrate concentration of Septictank 586 is
5£3.3170989658 mg/l

Copying the source point file to the workspace

and adding the calculation results to it
A new shape file has been created with

calculated nitrate concentrations added to the

field "NO_Conc”
Calculation is done, you can check the

concentration profile of individual septic tank by

the FID

Heterogeneous hydraulic conductivity and soil porosity Using smoothed DEM to calculate WTD

| E:fjulingtonUA/sub_septictank.shp

[ Browse... ]

Hydraulic conductivity file(raster) | E:/julingtonUA/hydr_cond_t.img

Soil porosity file(raster)

Smoothed DEM file (raster)

DEM file (raster)

Erowse.

| E:fjulingtonUA/porosity_heter.img

| E:/temp/smoothedDEM.img

[ brovees |
[ Browse... ]
[ brovse. |

Erowse.

|E:.-fjuIingtonUNIidardEm.img

| Browse...

Run

i

Quit

=1 Eol *x=)

-

E

Check results

& Nitrate Fate And Transport In Soil

[E= EoE =3

Please enter the FID of the septic tank that you want plot, then click "OK" button

10 oK

Depth
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10

Concentration (mg/L)
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60 70

a0

Mitrate

Ammonium

7 Nitrate Fate And Transport In Soil

=]

Please enter the FID of the septic tank that you want plot, then click "OK" button

ENl | oK
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Histogram of k., Samples

Random Parameter and Their Distributions

FID of soil zone

Maximum, minimum and representative
values of hydraulic conductivity is
derived from solil data

0.027

0.081

0.135
0.189
0.243
0.297

0.351

0.405

0.459 |
X0.513 1
® 0.567 1

=0.621

Sne7s

0.729 |

0.783 |

0.837 |

0.891 |

0.945 |

0.999 |

1.053

1.107 &
More

Parameter | Distribution Max |Representative| Min
hy_con23 | TRIANGULAR | 3.6593 7.9488 12.1976
hy_con65 | TRIANGULAR | 3.6593 7.9488 12.1976
hy _con71 | TRIANGULAR| 0.122 0.6705 1.2198
hy_con73 | TRIANGULAR| 0.122 0.6705 1.2198
hy_con116 | TRIANGULAR | 3.6593 7.9488 12.1976
hy con117 | TRIANGULAR| 0.122 0.6705 1.2198
hy_con120 | TRIANGULAR | 1.2198 6.696 12.1976
hy _con164 | TRIANGULAR| 0.122 0.6912 1.2198
hy con165 | TRIANGULAR | 12.1824 21.3408 |30.4992
C, NORMAL 25 80
a, NORMAL 0.21 21.34
Kyon LOGNORMAL| 0.004 1.08
smthF UNIFORM 20 80
Distributions of LHS Samples e
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ldentify Influential Model Parameters

9E+5 - N k;‘
s | Parameters Kgep, Co, 0, and \
hy conl65 are the most influenti
’E*> 7 parameters to the load estimate/
6E+5 -
S5E+5 -
o * hy conle} = o Co
4E+5 -
3E+5 1 smthF
2E+5
B hy con65
1E+5 -
OE+0 # hy_con 20 | | | |
OE+O 1E+5 2E+5 3E+5 4E+5 5E+5
M
57
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Uncertainty Reduction by Field Observations

 The parametric uncertainty can be reduced dramatically by
incorporating the field observations into model calibration.

* Take the first-order decay coefficient as an example.

Minimum 0.004 Minimum 0.005
Maximum 0.036 Maximum 0.019




Uncertainty Reduction of Load Estimation

Load estimates before incorporating field observations.

9 Histegram-ot fotal-oad
80 - Mean 1334.48
70 | Median 1225.43
D Standard
§ - Deviation 652.61
@ - Minimum 177.62
£ Maximum 5655.87
+ Realizations 2000
0 95t percentile 2581.89
¢ ﬁéﬁgﬁrrrrr ;Lr;éd;(é)@mggggm; 5th percentile 513.28
8
7 - Mean 1504.24
zo | Median 1466.39
%g ) Standard Deviation 257.08
5 Minimum 1048.57
; 1 n - I | Maximum 2078.18
§ § § % § g § § % § % g § Realizations 19
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On-going and Future Research

Analyzing monitoring data collected with SIRWMD
support to better understand hydrogeology and
nitrogen dynamics in neighborhoods of Jacksonville
(e.g., controlling factors of nitrogen concentrations)

Validating ArcNLET using existing and new data such as
groundwater baseflow collected by the City

Supporting FDEP on an effort of selecting

representative sites to better characterizing model
parameters

Developing new functions of ArcNLET, e.g., simulating
ammonium concentrations

Applying ArcNLET to other sites in Florida
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On-going and Future Research
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support to better understand hydrogeology and
nitrogen dynamics in neighborhoods of Jacksonville
(e.g., controlling factors of nitrogen concentrations)
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ammonium concentrations

Applying ArcNLET to other sites in Florida
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Summary of Load Estimation
City of

Stuart North Seagate Banner Rio Hobe
River Harbor Lake Sound
Shores

Total Load (kg/d) 42.48  1.665 8.346 9.255 0.856 0.317 0.346

34206.5 1340.7 6720.5 74525 689.3 255.3 278.6
Number of Septic

Systems 5592 146 411 451 105 66 51
Load per Septic
System (g/d) 7.60 11.40 20.31 20.52 8.15 480 6.78

67.0 50.4 11.7 10.8 64.6 79.1 705
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Compiled Data: Surface Water Quality

Dale Majewski from the City of Port St. Lucie provided the surface water

guality data measured at 21 stations.

The data from fourteen stations, located in the septic tank removal area,
were analyzed.

e Atall

Pligme
Ll

1.0

2

S rogcn concentrion ez,

1.0

the stations, the TN

concentrations are higher than the
TMDL target for most of the monitoring
period.
* This is mainly caused by the high TKN
concentrations, which are significantly

r than NO, concentrations.

[[L} Sagainode WW .

= N
——TEHN

Drare {imim vy

™

™ ridget

04 ORGS 30T OQR0E o ia 0800

63



Calibration of Flow Model

* Good agreement between smoothed DEM and
observed water table elevation was achieved at (a)
the City of Port St. Lucie and (b) the City of Stuart.

* There is no water level monitoring data for the four
sites in the Martin County.
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go
o

(a) (b)
=co 4.0
E6. E &
= p s
° 4.0 + -
£ £ 50 - ¢ y=1.0511x+ 1.6665
(=] E ' ’ 2 _
2 8 R2 = 0.759
Eao1 | y=0.9313x+1.1691 | E
R2=0.9683 1.0 -
0.0 . : .
0.0 20 40 6.0 go 00 ' |
0.0 1.0 2.0 3.0

Measured water level (m) Measured water level (m)



Calibration of Transport Model

* Reasonably good agreement is achieved for three data:
two in the City of Port St. Lucie and one in Martin County

(there is no concentration observation in the City of
Stuart).

e Overestimation occurred to two data in the City of Port St.
Lucie. .-
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Conclusions

Data and information needed to establish ArcNLET models for nitrogen
load estimation are readily available in the modeling areas.

Although there is no groundwater monitoring network, historical data
are available from public-domain databases (e.g., DBHYDRO and USGS
websites). However, calibration data is limited.

After calibrating the ArcNLET flow and transport models, model
simulations can reasonably match corresponding field observations.

ArcNLET estimated nitrogen loads in the modeling sites vary
substantially in space, and the spatial variability is useful to
management of nitrogen pollution.

The load estimates can be used directly to facilitate BMAP planning.

Uncertainty in the load estimate is different at different sites. The
overall positive correlation between the load estimate and the
simulated concentration at the three sites of MC simulation indicates
that larger nitrogen concentration corresponds to larger load.

In the context of site monitoring, if higher concentrations are
continuously observed at the monitoring well, the load estimate should
be larger than the deterministic estimate given by the calibrated

model.
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