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BackgroundBackgroundBackgroundBackground
 Selenium (Se) is an essential element at lower concentrations 

but potentially toxic at higher concentrations (Hamilton, but potentially toxic at higher concentrations (Hamilton, 
2004; Pilon-Smith and LeDuc, 2009).

 Benefits of using wetlands to remove a wide range of metal g g
contaminants such as Se have long been recognized however 
very few studies have explored mass balance of Se in wetland 
ecosystems (Lin and Terry, 2003).

 With increasing ecosystem service improvements in the 
LVW over the last decade, there has also been a significant 
increase of wetland acreage and growing concern over increase of wetland acreage and growing concern over 
bioaccumulation of Se and its possible impact in aquatic 
habitat.



Selenium Management Issues in Las Selenium Management Issues in Las 
V  W hV  W hVegas WashVegas Wash
 Naturally occurring geological hotspots, groundwater seeps on the 

southeast side of the valleysoutheast side of the valley

 LVS tributaries have exceeded 5 µg/L, 
◦ Duck creek (Whitney Drainage) 40 62 µg/L in water◦ Duck creek (Whitney Drainage) - 40-62 µg/L in water

 The main LVW is typically < 4 µg/L, 
◦ Total selenium loading to Lake Mead exceed 1500 lbs/year◦ Total selenium loading to Lake Mead exceed 1500 lbs/year

 Increased veg in the LVW have pros and cons in selenium 
managementmanagement
◦ More acreage of wetlands - growing concern of bioaccumulation and possible 

impact in aquatic habitat
◦ Potential to remove using vegetation management



ObjectivesObjectivesObjectivesObjectives

Generate Se database for major components 
(Water, Sediment, and Plant) from LVW and 
tributaries.

Develop a Se mass balance model using the 
 d i  h h  i  ll system dynamics approach that incorporates all 

undergoing processes between water, sediment, 
and plantand plant.



Material and MethodsMaterial and Methods

STEP 1

• Design model concept
• Define boundary area & develop a model framework

STEP 2

• Estimation of  Se mass along major pathways, Develop 
Se database for modeling 

STEP 3

• STELLA model run for five compartments
• Model calibration

• Model Results and Model simulation 
STEP 4 • Final Report



Study Area (Wetland Compartments)Study Area (Wetland Compartments)y ( p )y ( p )

Box 1

Box 2

Box 3 Box 4

Box 5

Source: LVWCC 2010  Compartment 1: Tributary flow ( Box-A)Source: LVWCC 2010  Compartment 1: Tributary flow ( Box-A)
 Compartment 2: Wastewater flow (Box-B)
 Compartment 3: Combine flow (Box-C)
 Compartment 4: Mainstream flow (Box-D)
 Compartment 5: Lake system flow (Box-E)



Model ConceptModel Concept

Selenium speciation 
d  h  and transport pathways 

in wetland ecosystem  
e.g. Plant Volatilization, g
which converts toxic 
inorganic Se to non 
toxic  organic Setoxic  organic Se



Model FrameworkModel Framework

A l f k A l f k A conceptual framework A conceptual framework 
for the study of Se for the study of Se 
dynamics in water, dynamics in water, yy
sediment and plant in sediment and plant in 
wetland ecosystemwetland ecosystem



Model Boundaries and Se SourcesModel Boundaries and Se Sources



Model Boundaries and Se SourcesModel Boundaries and Se Sources



Model Development and ApplicationModel Development and Applicationp ppp pp
Se in Water: Discharge data for tributaries and mainstream LVW 
(USGS/SNWA)
Se conc. in water: For tributaries and mainstream flow 
(SNWA/NDEP)

Se in Sediment: Estimated using Se mass in seepage water; 
measured data  used for reference condition.

Se in Plant: Channel polygons are measured using Arc GIS, field 
study (plant cover, frequency, density, and aboveground biomass) 
from selective polygons and extrapolate  to the remainingfrom selective polygons and extrapolate  to the remaining.

Reliable coefficients are adopted for estimation of Se loss via 
volatilization



Selenium Database for Mass BalanceSelenium Database for Mass Balance



Analysis of Se Transport (Fetter Eqn.)Analysis of Se Transport (Fetter Eqn.)

C0 = Initial Concentration at 0 distance
DL = Dispersion coefficient
R = Retardation factor
V = average linear velocityg y
L = Length (Distance)
α = Dispersivity

Where, R = 1+ρbKd/Ɵ
ρb = bulk density
Kd= distribution coefficient
Ɵ it

Based on the available field and literature data, Se in the sediment of our studied 

Ɵ = porosity
Kd for Se was taken using linear 
sorption curve (Literature value)

compartment was in equilibrium state (>1m Sed. depth is necessary to run Se 
transport simulation and quickly reached to the equilibrium)



Model Calibration(2006Model Calibration(2006--2008)2008)(( ))



Model Calibration (2006Model Calibration (2006--2010)2010)
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Model Results (2006Model Results (2006--2008)2008)(( ))

BOX 1 BOX 2BOX 1 BOX 2

BOX 3 BOX 4



Selenium Mass and Distribution: Box 1Selenium Mass and Distribution: Box 1

Mass added in box 1



Selenium Mass and Distribution: Box 1Selenium Mass and Distribution: Box 1

Based on 2006 2008 discharge and Se Based on 2006-2008 discharge and Se 
database, Plant tissue storage account 
approx. 15-20% of Se mass available in 
Box 1 compartment.

Contribution of Se loss via plant 
volatilization and ground vol. 
contribute approx  6-8% of Se mass contribute approx. 6-8% of Se mass 



Selenium Mass and Distribution: Box 2Selenium Mass and Distribution: Box 2

Mass input during months of Year 2008, results based on somewhat 
unreliable flow data at station LW 8.85 (USGS-9419679)



Selenium Mass and Distribution: Box 2Selenium Mass and Distribution: Box 2

Based on 2006 2008 discharge and Se Based on 2006-2008 discharge and Se 
database, Plant tissue storage accounts 
only 3-8 % of Se mass available in Box 
2 compartment.

It is due to less wetlands acreages and 
higher frequency of wastewater 
treatment plant treatment plant 



Selenium Mass and Distribution: Box 3Selenium Mass and Distribution: Box 3

Se Mass input was significantly higher during the Year 2007 for most of the 
months in comparison to 2006 and 2008



Selenium Mass and Distribution: Box 3Selenium Mass and Distribution: Box 3

Due to dense vegetation cover and 
wetlands acreage, Se mass storage in g , g
plant tissue (57-67%) simply exceeded 
the total mass available through 
seepage.

However, seepage accounts for 
approx. 10% of the total flow volume, 
there is a possibility of excess Se mass 
removal through vegetation 
management in compartment 3



Selenium Mass and Distribution: Box 4Selenium Mass and Distribution: Box 4

Few months during the Year 2006-2008 were functioning as Se source rather 
than sink i.e. Se mass from inlet < Se mass in outlet



Selenium Mass and Distribution: Box 4Selenium Mass and Distribution: Box 4

Based on 2006-2008 discharge and Se 
database, Plant tissue storage accounts , g
approx. 11-32% of Se mass available in 
Box 4 compartment.

Groundwater seepage contributed Groundwater seepage contributed 
significant amount of Se mass in the 
system since the compartment 
functions as Se source for some 
occasions.



Present scenario of Selenium storage 
b  d ff  l  B  1 4by different plants: Box 1-4

132.0
44.0

66.0
22.0

0.00
0.00

Unit- Pound (lb)



Proposed scenarios (2035 and 2050)Proposed scenarios (2035 and 2050)p ( )p ( )

S i  ill b  d l d i  i bl   Scenarios will be developed assuming variable 
flow and selenium conc. from existing sources for 
all compartments.

 Scenarios based on ongoing and future 
management activities, For e.g. Wetlands area management activities, For e.g. Wetlands area 
increase/decreased after completion of wetlands 
park, bank stabilization activities and associated 
revegetation planrevegetation plan.



THANK YOU!!!THANK YOU!!!


