Applications of Modeling Non-point Source Pollution in Groundwater
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The steady-state groundwater flow equation is governed by: Supply/Irrigation wells distribution from USGS dataset that has measured tritium concentrations.
Left: Land use map in the Central Valley, California. Right: From upper left to lower right are the nitrate leaching maps
d oh d oh d oh ——r — - . : :
a (Kx a) + 5 (Ky @) + E (KZ E) =0 o —8—Average Mixed Tritium Loading * Without Feedback Loop * p30 Without Feedback 1 from 1945-2005 W|th 15 yea rs increment.
Tritium Loading From Atmospher =+=\\ith Feedback Loo| =+—p30 With Feedback
5001 T - OREnG IO ORI 10F P 10r —o—Eso Without Feedback | 5.0.8}
where h is the hydraulic head, K is hydraulic conductivity. g g9 g go.e- 00 SAC 100 SJV 100 TLB
2 =] =) E
NPSAT is a streamline-based model approximating the transport g S0y E® ES [ ~ ~ ~
equation using multiple 1D streamlines connected to output surfaces of - 200 =4l =l é“' ! € a0 £ £
. . . = 4 c | . aeem=m=——TT c c
interest (wells, stream segments), thus greatly reducing computation ool il il 34, 30% porosity with edback oo S F " S $
time. ﬁ . - —30% porosity without feedback loop £ S fu ju
Y s . | | . | . 5 | | . | . 50% porosity without feedback loop § 10 ¢ 3 g”- Jp“’ § §
The 1D advection-diSperSion-retardation equation (ADE) iS governed by 10950 1860 1970 1980 1990 2000 2010 2020 1095[;" 1960 1970 1980 1990 2000 2010 2020 10950 1960 1970 1980 1990 2000 2010 2020 DO 5 10 15 20 25 30 § =.$E ?1./ § §
Year Year Year Tritium Concentration (TU) ° +._=,..,_, ’ Py [
, Left: The average “new” tritium loading function due to the feedback loop compared with the initial atmospheric tritium loading function g 3 j s 3 Sim 50t
R ‘Z—f =D g—i — vg_c — ARC from 1953-2017. Left middle: Average tritium concentration in the irrigation/supply wells with and without the feedback loop. Right middle: = e = = Obs 50th
x x o\ . . . : . o\ 5 LY /% < N I -/ A N S R
Where R is th dation f < the velocity of th g Mean tritium concentration for 30% porosity with feedback loop, 30% and 50% without feedback loop across 65 years. Right: ECDF of tritium 1o r—l?_ro-oo e a0 aiss a0 119?6"1 e e ST
ere ) Ist e.retar-atlon a;tgr, v 'SF e velocity of the grou.n water concentration for 30% porosity with feedback loop, 30% and 50% without feedback loop in 2006. Year Year Year
flow, D is the dispersion coefficient, A is the decay rate and C is the
concentration. The half life for tritium in this model is 12.63 years . SAC SJV TLB o SAC . Suv . LB
- 00 . . . o
The NPSAT solves the ADE by decomposing the fully 3D domain into Half violin plot for n | ER F -2 R s Obe o6th
multiple 1D streamlines and calculates the Unit Response Function (URF) irrigation/supply o ] . F ] : A
. . 9 H 2 2 oy / ~ o
at each streamline and convolutes the URF based on the source wells and domestic f Well T i 5 g TL?M .
boundary conditions to get the breakthrough curve in the well screen. wells in the 2400 el lype g Y - 3 — g 1 Ez ;' e
. . c H ~~ N— c -—— c ?
t Sacramento basin 5 B Irrigation Well S Tmeaal S S ;
= — , - g #F T e g k-
Frg)® = j f(@g(t—T)dr (SAC), San Joaquin g 5| Domestic Well £ 3 g g s
0 . 5 = i [ = =
Backward particle tracking 0.06 T T T Input i load Time [T] BaSIn (SJV) and C 200 i Zr’
PR —— Travel Time: 53.66, Length: 7.64 km E i 1 = bl L L L L L —L-[—r L L L L L L L L L 4
e T T 2764 Longh7tdn lc‘ a® csiei Tulare Lake Basin 2 Ylo50 2000 2050 2100 2150 2200 Yo50 2000 2050 2100 2150 2200 Y950 2000 2050 2100 2150 2200
Jooul || [tz oz nare i 2B (TLB). O Year Year Year
2 ) @ 0 Upper: Groundwater nitrate simulation with NPSAT for 300 years in three subbasins Sacramento basin (SAC), San Joaquin
U 5 [ ék\ ACKNOWLEDGMENTS  50% porosity/30% water content 40% porosity /20% water content 30% porosity /20% water content UC DAVIs Basin (SJV) and Tulare Lake Basin (TLB). Lower: Simulation result with 100% nitrate reduction from 2025.
g :
¢ % o 150 m " dt Time [T] This work was funded by the California State Water Resources Control Board Grant Agreement No. 19-051-250 and USDA-NRCS agreement NR183A750023C005. UNIVERSITY OF CALIFORNIA




	Slide 1

