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1 Introduction S Data: 4.4 The sources of simulation errors are uncertainty in data of flow, rainfall, ET, and inflow sulfate
. *XVE_stes concentration; low frequency of water quality monitoring data; coarse spatial resolution; and
A . - N . . QAT « Hydrological, meteorological and water quality data are implificati i i
« Sulfate contamination has been identified as a serious environmental issue for the Hrule,_suctures prir{\arily fgrom the South lglorida Water Mf?nageymem District simplification of complex sulfur biogeochemical processes.
Everglades ecosystem including the Arthur R. Marshall Loxahatchee National Wildlife SFWMD)'s DBHYDRO online database .
Refuge (e.g., Orem et al., 2004) ( ) . ) Table 1. Assessment of simulations of surface water sulfate concentrations using the mass balance based
= ” : (http://www.sfwmd.gov/org/ema/dbhydro/index.html). Refuge water quality model (Note: Ave.=average; Obs.=observed; Sim.=simulated; sd=standard deviation;
« There have been no empirical studies of the effects of flow and sulfate concentration in canal Bias = average difference between modeled and observed values; RMSE=root mean square error;
water and other hydrological processes on sulfate dynamics in the Refuge. « Dry deposition of sulfate was based on observations from R=correlation coefficient; Efficiency= Nash-Sutcliffe Efficiency)
+ The objectives of this modeling study were to (1) develop a simple model for sulfate T? SA:;Q: aaI:()j/ ?’?gngg%osug?kmgi‘éliﬁ{;iﬁ EPA's Clean Statistic Canal Celll Cellz Cell3 Marsh
A N y i u: o -
concentration in surface water linked to an existing water budget based model of stage and http:/) Jeastnet! Calibration (2000- 2004) |
- h water exchange, (2) understand the spatial patterns of surface water sulfate (http:/fwwwepa.govicastney). Ave. Obs. (s0) mat so@2d 21074 15908 1508 163(78)
canal-mars| o atont va ¢ ne sp; pr oot nth Ave. Sim. (sd) mgL 39.0 (19.2) 26.0 (15.9) 117 (9.2) 0.9(0.9) 125 (8.4)
. - " N 1 £ E - - -
gor;cemranolan affecting factors; and (3) estimate sulfate reduction rates (SRR) in the « Water quality stations (Figure 4): Hydraulic structures, :;Sss :gt i 2137:1 23 i«; :jg fos: 13;3
efuge marsh. EVPA sites, XYZ sites, and the Enhanced sites. Variance reduction % ° 54% “68% 319% 0% a5%
" R 0.75 0.09 0.64 0.16 0.33
2 . Stud Al'ea 20 Efficiency -0.08 -0.93 0.26 -0.22 -0.69
y ‘Q? gl?;;ey ?r;c’l\l/lwigvio;gm:aisfnige model compartments and  water Calibration (August 2001-December 2004)
The Arthur R. Marshall Loxahatchee National Wildlif e Refuge (Refuge), overlays Water Ave. Obs (5:> '“Bt § 60.8(255) 209(172) 11887 068 (08) 139(7.3)
Conservation Area 1 (WCA-1), which is a freshwater wetland located in Palm Beach County, Florida 4. Simulation Results e sim. 5) oL derlon w7008 25009 s 13809
(Figure 1). It is a remnant of the historical northern Everglades. Agricultural runoff high in sulfate (the " RMSE mgL 23.07 2026 6.05 128 811
mean concentration is approximately 50 mg L) is pumped into the perimeter canal, and mixes into the Variance reduction % 57% -38% 53% -122% -24%
interior marsh (Figure 2), which is characterized by low sulfate (less than 1 mg L*). Modeling is required 4.1 Our model generally 300 gﬂ\c\ency g;g gig ggg 3257 ,2 Zi
to understand the complex interaction between transport and transformation. captures the spatial, 250 Validation (1995-1999, 2005-2006)
i - —~ Lt
s g Mesmia  mol® sin  sws  aree  orwe  hede
seasonal variations in 2 200 B"e m. (s ng . gm 2(07 225> 0A1> 1(31>
) . I jas r p
R__ Covering Area: 57,000 ha sulfate concentrations in % 150 RMSE mgL 2430 1761 To1 141 823
Mean summer & winter temperature : the Refuge (Figure 5; £ 100 | I [ Variance reduction % 27% 5% 2% 15% 3%
31°C & 13°C Table 1): F I k>ox S X P R 034 033 038 039 038
. x AQ\% X i Effi -0.51 -0.07 -0.04 0.07 0.01
ol % | Annual Rainfall: ~1400 mm a) Sulfate concentration 50 w W J j{%ﬁg\{%@? M’ﬁzﬁ Validation January 1995-May 1999, 2005-2006)
Florida Bedrock: Limestone decreases along a 0 N X X Ave. Obs. (sd) mgL : 47.8(18.8) 19.7 (14.6) 62(5.7) 0.85 (1.1) 8.8 (6.6)
P Soil Type: Peat gradient from the rim Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- e Sm. (50 ’r:gt N wosen 247029 ) A
Soil Elevation: 3.2 —5.6 m (NGVD29) 95 9 97 9 93 00 0L 02 03 04 05 06 O N . -
Vegetation T .S Wet prairi f:ana_] to the marsh ).7 Validation 1 %7 Calibration H Validation zr RMSE moL 2197 .74 620 103 6.55
egetation Types: Sawgrass, Wet prairie, interior. Variance reduction % -22% 10% 23% 20% 22%
Cattail, Tree islands (Figure 3 i R 0.40 049 061 046 057
(Fig ) b) Sulfate concentrations 150 Efficiency -036 -0.02 -0.18 018 0.03
tend to be higher in wet —celll sim x_celll obs Anomalous period (Jun 1999-July 2001)
N years and during wet 125 Ave. Obs. (sd) mgL : 52.4 (16.3) 46.8 (13.9) 19.1(11.2) 35(2.1) 225 (7.6)
- Ave. Si d) L 28.4 (15.1) 19.8 (11.7) 9.5(6.4) 0.8(0.7) 9.7 (6.1
season (May to Ocl_ober), o 100 B\v:s e rf:g Lt —22 DO) 72(7 05) 5( 53) 2( 76) 75(52)
and the peaks are likely 2 P % o RMSE mgL * 29.45 33.27 14.06 332 10.00
to occur because: 1) ° Il i |l Variance reduction % 1% -74% 17% 28% -18%
£ KX ek R 0.46 -0.02 0.44 0.58 0.29
more sulfate en_‘ers a 0 .xJ‘l % ﬁ( ): X".‘ >2§"&( 4 » ’f‘?f ) Efficiency -2.06 -4.65 -0.59 -1.59 3.13
canals from agricultural 2 3 ‘,‘;?X-&&i"bw y.éjg\’\v\ fﬁa R VS iﬂf(
rur;foftf, :;md 2) rr:gr_eI o 2 el B \ W/ % x;&éx ‘XII“
sulfate transports into
Refuge int P h Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan-
© ulge in e”%"_""’j enh 95 9 97 9 99 00 01 02 03 04 05 06 O7 .
Figure 1. Location of the Arthur R. Marshall Loxaha  tchee Figure 2. Images of the Refuge's rim canal (left) a  nd canal stages higher than Validation 1 1 Calibration 1 lilat Z‘ 5- ConCIUS|ons

marsh stages

National Wildlife Refuge and other Everglades Water marsh areas (right). Reduction in bias shows the model captures spatial variation well.

Conservation Areas (SFWMD, 2000 at (;\ggg_ogmlcknan:j rl—iarvey, 150 —celp sm__ x col2 obe « Model temporal projections are less reliable, but generally pass through observed range.
http://fcelter fiu.edu/gis/everglades-map). 2008‘ urratt et al., 125 = = « Sulfate modeling tool, when combined with modeling other water quality constituents,
3 M Odel and Data ¢) The ;ﬁomalous increase “’: 100 helps better refine science efforts to drive management decisions to protect Refuge
. - E) resources.
. ) — - g
« Water Flow and Chloride Model: _ Driven by simplified flow model (Arceneaux et al., 2007). The flow gggzg(l‘ﬁlingelsggi’ab‘\]:hl,) g ®
model was tested using chloride simulations. y ’ £ 50 x
Inputs: pumped inflow, structure outflow, precipitation, evapotranspiration (ET); :g;:gi:(e)fizmig:; water @ 25 WL Xx WX 6 FUtU re Development
Outputs: flow between canal and marsh, stage of canal and marsh, groundwater recharge, evaporation, : : 4 . AN %?x‘*‘ X f ] " . . . .
transpiration. intrusion. Further, there is 0 L&ﬁ&wﬁ_ﬁg 4 Pl N A « Conducting uncertainty analysis (e.g., data uncertainty; parameter uncertainty).
) ) ) ) . . no evidence of greatly Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- « Dividing Refuge into more compartments for spatial variability in surface water sulfate dynamics.
« Sulfate Dynamics:  Using a first order apparent settling rate dynamics (Kadlec and Knight, 1996): l?t:rea;,fed e:jerlgl . 95 96 97 98 99 00 0L 02 03 04 05 06 07 « Adding “sediment” as a layer to build a sulfate hydro-ecological model.
leposition during this }-7 Validation 1 Calibration HVahdaﬂcr\ 2
dhC =-kC+L period. Water stages in ‘
dt the Refuge were not 50

unusual in 1999 or 2000, [[—celasim _  cel3 obs ] References

but 2001 was an « Arceneaux, J.C., E.A. Meselhe, and M.G. Waldon. 2007. Water budget model for a remnant of
unusually dry year Northern Everglades wetland. Journal of Hydraulic Research (submitted).

(Arceneaux et al., 2007). + Kadlec, R.H., and R.L. Knight. 1996. Treatment Wetlands. CRC Press, Inc, Boca Raton, FL.
Thus, these elevated * McCormick, P.V., and J.W. Harvey. 2007. Influence of changing water sources and mineral
sulfate concentrations

where, h is depth in m, Cis the sulfate concentration in mg L%, k
is the apparent settling coefficient in m yr. L is the sulfate loading
rate in the compartment in g m2 yr?, representing the net

total loading rate from advective and dispersive transport, and
external loading.
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The sulfate reduct 125 (SRR 2 yv1 forthe th I O o b 104 I Ll chemistry on the Everglades Ecosystem [Online]. U. S. Geological Survey, Administrative
e sulfate reduction rates ,gm 2yri)forthe three also are not explained by | 15 Report. Reston, VA.
marsh cells were estimated based on the settling coefficients, or effects of drought and soil 0 ALK - - ~ - Orem, W. H. 2004. Impacts of sulfate contamination on the Florida Everglades ecosystem.
SRR() = k(i) *C(i), oxidation. Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- Jan- USGS Fact Sheet FS 109-03
where k(i) and C(j) are calibrated { settling coefficient and i % vamaions PO B % M2 y i i i i
pparent settling coetficient an 4.2 Sulfate apparent settling L Validation 1 A Calibration Hvahdaﬁmn 2 « Surratt, D.D., M.G. Waldon, M.C. Harwell, N.G. Aumen. 2008. Time-series and spatial tracking
average observed sulfate concentration for compartment i, coefficients increased of polluted canal water intrusion into wetlands of a national wildlife refuge in Florida, USA.
respectively. from periphery toward Wetlands 28: 176-183.
interior marsh (0.5, 1, Figure 5. Simulated (line) and observed sulfate con  centration (monthly « USFWS. 2000. Arthur R. Marshall Loxahatchee National Wildlife Refuge Comprehensive
« Model Compartments : Canal, and three marsh cells: and 10 m yr for Cell1, mteean?r‘rr;::s‘I:?cn::isgﬂLrﬂﬁlgerléngas(szgggeLlr)é;rigi li‘z:igzst“écr:uglaf;‘:m Conservation Plan [Online]. US Fish and Wildlife Service, Boynton Beach, FL.
Celll (0-1 km from canal), Cell2 v(1-4 km from canal), and Cell2 and Cell3, minimum to maximum of observations.
Cell3 (> 4km from canal), see Figure 4 . respectively).
« Model Platform : Water Quality Analysis Simulation 4.3 The estimated SRR for the Refuge marsh as a whole is approximately 14.4 g m2 yrt, ACknOWledgementS
Program (WASP) of U.S. EPA The relatively constant SRR across all three me_{r_sh zones (14:5, 14.0,149¢ rn_'2 yrt for Celll, Funding for this research was provided by the U.S. Congress in P.L. 108-108, the Department of
(http://www.epa.gov/athens/wwatsc/html/wasp.html). Figure 3. Refuge vegetation map Cell2, and Cell3, respectively) suggests a condition of sulfate in excess of requirement for the Interior and Environment Appropriations Act of 2004 to the U. S. Fish and Wildlife Service.

+ Time Step: 0.1 days adapted from USFWS (2000). microbial reduction in the marsh.




