04/22/2014

Phase 6 Watershed Model

Modeling Quarterly Meeting

Gopal Bhatt (gopal.bhatt@psu.edu)
Research Associate, Penn State University



Outline of presentation

1. Expansion of simulation period to 2014

2. Incorporation of rSAS into Phase 6 WSM
framework

3. WSM calibration with revised (version Il)
SPARROW based L2W, S2R variances to
account for small scale processes



1. Expansion of simulation period to 2014




Expansion of simulation period to 2014

Data gathering / Data development

— Precipitation & meteorological forcing:

* Cloud cover, Dew-point temperature, Potential
evapotranspiration, Precipitation, Solar radiation,
Temperature, and Wind speed

— Atmospheric deposition (based on detrended datasets)

— Streamflow observations for years 1985-2014 by Yactayo
& Hinson

— Point sources (using progress year datasets)
— Water diversions (using years 2002-2003 up to 2014)
— Water quality monitoring (1985-2011)



1. Expansion of simulation period to 2014

1.1 Hydrology Calibration



30-years of watershed hydrology

Phase 5.3.2

Phase 6 (1985-2005)

Phase 6 (1985-2014)

[Phase 5]

XYZ based forcing

[Phase 6 Oct’14]

NLDAS based forcing

[Phase 6 Apr’15]

NLDAS based forcing *

1985 - 2005 1985 - 2005 1985 - 2014
TSNOW =32 °F TSNOW =35.6 °F TSNOW =35.6 °F
SNOWCF=1.3 SNOWCF =1.0 SNOWCF =1.0

* data updates, and complete restructuring of data processing tools.
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Total_E * SIZEX = 0 * Calib. Stations = 23 Total_E * SIZEX = 1 * Calib. Stations = 42 Total_E * SIZEX = 2 * Calib. Stations = 45
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1. Expansion of simulation period to 2014

1.2 Sediment Calibration
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Phase 5, 1985-2005, TSS, Susquehanna at Marietta

[ NON | X/ 1985-2005
- . - . . DATA SELECTION
_lload precipita... _lhide precipita...  _lhide observed val... _|y-axis log-s... Examine| Print | Print All | Save PDF | scenario file
SUSQUEHANNA RIVER AT MARIETTA, PA: TSSX TIME-SERIES I p532cal _102413 I SL9_2490_2520
- T T I I T plot data
Simulated -
1400 H = TSSX - total suspended sediment v/
»r & Observed
g 1200 . — Dates | 17171985  |12/31/2005
z Drive  Directory  Observed Data
. 1000 -
= N/A [modeling | alldata
E 800 Update Plots and Statistics|
O
H 600 STATISTICS
% n 795 795
2 400 observed simulated
5 . 1 0.52219
F 200 min 0 -0.282171
! | mean 69.2649 63.1764
Hased 014 X : } A hoh | 1.52164 1.37953
01-Jan-1385 02-Jul-1958 01-Jan-1932 03-Jul-19385 01-Jan-1939 02-Jul-2o02 31-Dec-2005 di 37 36.032
SL9-2490-2520: SIMULATED VS. OBSERVED SL9-2490-2520: EMPIRICAL CUMULATIVE DISTRIBUTION median 1.5682 1.55669
. . : r = - r 1 + T T T - 1117 1331.7
3 E 3.04805 3.12441
m = 0.88243 0af =0.14465 - variance  B824.03 9377.68
. b =0.036801 | 0s p = 92.6648e-08 J0-3209§§13 06409011206 1
°l ¥ = 052201 ' h=1 JBtest = 00016303  0.001 |
% o 5 07k | raw logl
g zr ° T 5 % rel.bias -8.79014 -9.33898
] g—'é 06} 4 err.var, 11122.7 0.259565
E o B rel.std.err  1.26051 0.788249
3 1 ° I S o5t - mod.eff -0.260505  0.211751
w
= 2 >
[l o .
= 1} g 1 § 04t . Residual Plots |
§ § g 03k i Percentile Plots I y
O
05F 0 o T 02| | Daily Accumulation I E
3 & ° . Simulated Individual Monthly Avg's | R
ot oo ° i 01 r H
Observed S
N ) 099, . . . . " ) ) - Accumulated Monthly AI |
0 0.5 1 1.5 2 2.5 3 -1 0 1 2 3 4
10 10 10 10 10 10 Seasonal Box Plots
LOG10 OBSERVED TS5X TOT.SUSP.SEDIMENT, IN MG/L I ﬁ
Wplotlogl0... Examine Print W semi-log ... Examine Print CoQ.scauer plo I
—hide observed val... Windowed Data Plots I 2.1
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Phase 6 Oct’14, 1985-2005, TSS, Susquehanna at Marietta

[ NON | X' 1985-2005
" . " . . DATA SELECTION
_lload precipita... _lhide precipita...  _lhide observed val... _|y-axis log-s... Examine| Print | Print All | Save PDF | scenario file
SUSQUEHANNA RIVER AT MARIETTA, PA: TSSX TIME-SERIES INLDCSSOSHydBeWQ I SL9_2490_2520
= T T T f T p[Ot data
Simulated TSSX - total suspended sediment ﬂ
. 10007 & Obhserved n pe
= o
g Dates [17171985  [12/31/2005
=z 600 — Drive  Directory  Observed Data
5 N/A| [modeling | alldata
= 600 ¢ ¢ 7 Update Plots and Statistics|
=] <
" o o STATISTICS
o 400 n 795 795
w <& o9 o )
2 w 8 observed simulated
5‘ o 5 |’ ] o% min 1 0.99211
B 200 ©3 { ‘P u 0 -0.00344017
| 7 mean 69.2649 70.6165
1R L W i g b i, 3 1.52164 1.5214¢
01-Jan-1385 02-Jul-1958 01-Jan-1932 02-Jul-2o02 31-Dec-2005 di 37 43,202
SL9-2490-2520: SIMULATED VS. OBSERVED SL9-2490-2520: EMPIRICAL CUMULATIVE DISTRIBUTION median 1.5682 1.6355
o . . - - - —— 1 + + T T I 1117 573.26
3.04805 2.75835
m = 0.7962 o 0.9} =0.095597 - variance  B824.03 5567.4
o
.5 b =0.30993 o @ o B / _ . p = 0.001276 sz 087es0s
¥ = 055005 2% ' h=1 JBtest = 00016303  0.001 |
g : o 5 07k | raw logl
g 2r ° 4 = % rel.bias  1.95137 -0.0120922
a D gsl ] errvar,  6029.39 0.184438
E o ° . E rel.std.err 0.683293 0.560102
= 15¢ o 1 3 05fF b mod.eff 0.316707 0.439898
= o =
@ : £ o4t 1 Residual Plots |
— -
8 T 2 T % e i Percentile Plots I
- g : 3 : : %
. Daily Accumulation I
05t i : ozy ) E
o o1l Simulated | Individual Monthly Avg's | R
- ’ Observed S
0 e . . . . " ) ) - Accumulated Monthly AI |
0 0.5 1 1.5 4 2.5 3 -1 0 1 2 L +
10 10 10 10 10 10 Seasonal Box Plots
LOGTO OBSERVED TSSX TOT.SUSP.SEDIMENT, IN MG/L I ﬁ
Mplot log10 .. Examine|  Print W semi-log ... Examine|  Print C-Qscatter plot__ |
_lhide observed val... Windowed Data Plots I 2.1
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Phase 6 Apr’15, 1985-2005, TSS, Susquehanna at Marietta

[ NON | X 1985-2005
_lload precipita... _lhide precipita...  _lhide observed val... _|y-axis log-s... Examine| Print | Print All | Save PDF |
: TSSX TIME-SERIES
Simulated | | ' [ ' '
. 10001 & Obhserved n
5 o
=
= 800 — —
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g so0f o o |
E 'S
W <o <
o 400 -
8 ¢ 3
“
5 ¢ o
e 200~
<3 &
&
LPRED, u.;_l'ls.‘:‘ i 3. 35
01-Jan-1385 02-Jul-19588 01-Jan-1392 0e-Jul-2002
SL9-2490-2520: SIMULATED VS. OBSERVED SL9-2490-2520: EMPIRICAL CUMULATIVE DISTRIBUTION
3F T T T T T T T p 1 T T T T
m = 0.92446 nal =0.14088 .
25 b =-0.015696 ] p = 2.301e-07
08 E
¥ = 0.5674 h=1
xo2r ) 8 o7} .
] %0 o =
e 3
(] o 06 1
|Ll_-l 15} ° o N E E
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28 osog o
g og 8 02t _
or o8 | Simulated
8%, 01t .
- o Observed
-05¢ A . °,0 : L R ] 0 L L L
-0.5 0 0.5 1 1.5 2 2.5 -1 0 1 2 3 +
10 10 10 10 10 10
LOG10 OBSERVED TSSX
TOT.SUSP.SEDIMENT, IN MG/L
M plot log10 ... Examine Print M semi-log ... Examine Print

_|hide observed wval...

DATA SELECTION
scenario file
INLDc8514HydBaWQ | SLI_2490_2520
plot data
T3SX - total suspended sediment v)
Dates [ 1f1j1985 |12/31/2005
Drive  Directory  Observed Data
N/A  [modeling | alldata
Update Plots and Statisticsl
STATISTICS
n 795 795
observed simulated
. 1 0.29904
min 0 -0.524271
mean 69,2649 59,5856
1.52164 1.391
] 37 36,754
median ) ggg2 1.5653
- 1117 425.38
3.04805 2.62878
; 3824.03 3954.35
VANaNce (329293 0.495989
_l 0,001 0.001  _J
JBrest = 00016303 0001
raw logl
% rel.bias -13.9743 -8.58564
err.var, 5642.96 0.233535
rel.std.err 0.639499 0.7092
mod.eff  0.360501 0.2908
Residual Plots |
Percentile Plots I
, : ¥
Daily Accumulation I E
Individual Monthly Avg's | R
Accumulated Monthly AI |S
Seasonal Box Plots | O
C-Q scatter plot I N
Windowed Data Plots I 2.1
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1. Expansion of simulation period to 2014

1.3 Nutrient Calibration
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Relative Concentration

Relative Concentration

2.5E-02

2.0E-02 -

1.5E-02 -
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0.0E+00 -
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Unit Nutrient Export Curve (UNEC)

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204 216 228 240
Time (Months)
Concentration is derived from the history
of prior application events.
0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204 216 228 240

Time (Months)
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Mean residence time or Turn-over time
(time taken for 50% of mass to exit the system)

Nutrient Transport Phase 5 Phase 6, Oct’2014 Phase 6, Apr'2015
Surface flow AGCHEM/PQUAL UNEC - 3 months UNEC - 3 months
Sediment flux AGCHEM/PQUAL UNEC - 4 months UNEC - 4 months
Inter-flow AGCHEM/PQUAL UNEC - 8 months UNEC - 15 months

Groundwater flow AGCHEM/PQUAL UNEC - 12 months UNEC - 51 months

] ]

Phase 6 w/ some lag || Phase 6 w/ more lag
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LOG10 SIMULATED TOTN

1985-2014, Nitrogen, Susquehanna at Conowingo

oN | [\ 1985-2005
_lload precipita... _lhide precipita...  _|hide observed val... _|y-axis log-s... Examine| Print | Print All | Save PDF |
: TOTH TIME-SERIES
Simulated ' ‘ ' '
Cly & Observed n
=
o ]
=
Z p—
Z 014
5 ]
<
=
(e} —
[t
01-Jan-1885 01-Jan-15930 01-Jan-1395 01-Jan-2000 31-Dec-2004 31-Dec-2009 31-Dec-2014
SL9-2720-0001: SIMULATED VS. OBSERVED SL9-2720-0001: EMPIRICAL CUMULATIVE DISTRIBUTION
. . . . . —e v . 1 .
08 m=0.26885 _— ° 1 09k k =0.2701 4
o
06 b =0.10591 ‘EMO“ p = 5.7878e-26
or ] N 08 E
¥ = 0.034405 g %of ™ O h=1
o =
04t - S 07t i
'_
2
02t 4 E 06 4
2]
o L |
ol | S 0s
=
o4t -
-02f . g
Z 03t .
04t . o
0zt 1
061 1 01 Simulated
o ’ Observed
-08 1 - . . . . o . . E 0 !
-08 -06 -04 -02 O 0z 04 06 08 100
LOG10 OBSERVED TOTN TOTAL N, IN MG/L
Mplotlogl0 ... Examine Print M semi-log ... Examine Print

_|hide observed wval...

DATA SELECTION
scenario file
[NLDc8514HydBeWQ | SL9_2720_0001
plot data
TOTN - total nitrogen ﬂ
Dates [ 1f1j1985 |12{31.-‘2014
Drive  Directory  Observed Data
N/A  [modelind | alldata-85-12
Update Plots and Statistics|
STATISTICS
] 796 796
observed simulated
. 0.3 0.14168
min -0.522879  -0.848691
mean 1.70784 1.59747
e 0.214465 0.163573
’ 1.605 1.3959
median 205475  0.144854
rnax 6.6 8.1524
0.819544 0.911285
: 0.281495 0.65372
Varance  0.0153349  0.0322164
_l 0,001 0.001 _|
JBrest = Goo1 0001
raw logl
% rel.bias -6.46273 -23.7297
err.var, 0.78276 0.041899
rel.std.err  2.78072 2.73226
mod.eff -1.78072 -1.73226
Residual Plots |
Percentile Plots I
: . v
Daily Accumulation I E
Individual Monthly Avg's I R
Accumulated Monthly AI |S
Seasonal Box Plots ] O
C-Q scatter plot I N
-W-B&ﬁ%i 2.1
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Susquehanna River at Marietta, PA
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Phase 5, Nitrate, Susquehanna at Marietta

00 [\ 1985-2005
- . - . . DATA SELECTION
_lload precipita... _lhide precipita...  _|hide observed val... _|y-axis log-s... Examine| Print | Print All | Save PDF | scenario file
SUSQUEHANNA RIVER AT MARIETTA, PA: NO3X TIME-SERIES I pS532cal_102413 I SL9_2490_2520
= T T T T p[Ot data
Simulated -
& H | NO3X - nitrate ﬂ
& Observed _—
Dates [ 1f1j1995 @ |12/31/2005
oo o 7] Drive  Directory  Observed Data
= 4l R | N/A  [modeling | alldata
Z‘ Update Plots and Statistics|
w
5 STATISTICS
= n 436 436
= observed simulated
. 0.04 0.084446
min -1.39794 -1.07342
mean 1.17362 0.890715
0.0314341 -0.0777152
01-Jan-1995 01-Nov-1996 01-Sep-1998 02-Jul-2000 02-May-2002 02-Mar-2004 31-Dec-2005 " 1.08 0.876225
SL9-2490-2520: SIMULATED VS. OBSERVED SL9-2490-2520: EMPIRICAL CUMULATIVE DISTRIBUTION median 0.0334238 -0.0573844
08F —_—-—-—— 1 v T rnax 6.81 2.1495
0.833147 0.332337
06l m =0.046507 1 0af k = 0.30963 - variance 028746 0.0879943
04 b =-0.079177 p = 6.8008¢- JO-OSJ%%T‘ 0-0023‘;163J
4ar N 08 4 i .
¥ = 0.0029948 - h=1 Brest = Gool 000l
§ 02r 1 5 07k i raw |Ogl
e g5 % rel.bias -24.1056 -347.232
z o 1 D gsl ] errvar,  0.428549  0.07378683
= ozl | B rel.std.err  1.49081 1.94378
3 S gst 1 mod.eff -0.490809  -0,943781
= -04f i W
® £ o4t 1 Residual Plots |
= 06} E =
8 = g3l i Percentile Plots I
] 5 U
08} . o . . Y
4l | ozk | Daily Accumulation I E
o1l Simulated | Individual Monthly Avg's | R
-2y ] ’ Observed S
L " Accumulated Monthly AI |
-12 -1 -08 -06 -04 -02 0 0z 04 06 08 -2 -1 0 1
10 10 10 10 Seasonal Box Plots
LOG10 OBSERVED NO3X NITRATE, IN MG/L J (r:\])
Mplot log10 .. Examine|  Print W semi-log ... Examine|  Print C-Qscatter plot__ |
_lhide observed val... Windowed Data Plots I 2.1

19



LOG10 SIMULATED NO3X

Phase 6 Oct’14, Nitrate, Susquehanna at Marietta

X/ 1985-2005

_|load precipita... _|hide precipita...  _|hide observed val... _Jy-axis log-s... Examine|

SUSQUEHANNA RIVER AT MARIETTA, PA: NO3X TIME-SERIES

Print |  Print All | Save POF |

Simulated ' ' ' ' '
6H o Observed -
2T © i
(&)
=4t o -
z
W
g Ir 7
o
E
= -
01-Jan-19395 01-Nov-1996 01-Sep-1993 02-Jul-2000 02-May-2002 02-Mar-2004 31-Dec-2005
S19-2490-2520: SIMULATED VS. OBSERVED S19-2490-2520: EMPIRICAL CUMULATIVE DISTRIBUTION
08 E —— 1 . .
ost m=0.21412 i ogt k = 0.24312 i
b =-0.042142 ‘ p=8.2211e
04t |'2 E 08} i
= 0.092933 h=1
0zt - =S
: o 07} .
g
0 E 5]
o o o 06 i
o =
-0zt /o g - 2
LI w 051 i
-04f °. - >
o4t -
-0} - =
=
0.3} -
08} . o
at i 0z} -
L 01 Simulated
-ley b ’ Ohserved
. 1I2 1I DI8 Dlﬁ ul4 ulz 0' ulz nl4 UIE u‘a ' 1 0 1
=1. - =u. =u. =uU. =u. o o o N 10. 10. 10 10
LOG10 OBSERVED NO3X NITRATE, IN MGAL
Wplotlogl0... Examine|  Print M semi-log ... Examine|  Print

_|hide observed wval...

DATA SELECTION
scenario file
INLDc8505HydBaWQ | SLI_2490_2520
plot data
NO3X - nitrate ﬂ
Dates [ 1f1j1995 @ |12/31/2005
Drive  Directory  Observed Data
N/A  [modeling | alldata
Update Plots and Statistics|
STATISTICS
n 436 436
observed simulated
. 0.04 0.35117
min -1.39794  -0.454433
mean 1.17362 0.968641
0.0314341 -0.0354118
] 1.08 0.91315
median 0334238 -0.0394581
- 6.81 1.9889
0.833147 0.298613
: 0.28746 0.0979508
VANANCe (0379604  0.0187264
_l 0,001 0.001 _J
JBrest = G001 0.5 W
raw logl
% rel.bias -17.4658 -212.654
err.var, 0.34058 0.0443097
rel.std.err  1.18479 1.18307
mod.eff -0.184788 -0.183065
Residual Plots |
Percentile Plots I
. : ¥
Daily Accumulation I E
Individual Monthly Avg's | R
Accumulated Monthly AI |S
Seasonal Box Plots | O
C-Q scatter plot I N
Windowed Data Plots I 2.1
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LOG10 SIMULATED NO3X

Phase 6 Apr’15, Nitrate, Susquehanna at Marietta

M plot log10 ...

Examine Print

W semi-log ...

_|hide observed wval...

@ '\ 1985-2005
_lload precipita... _lhide precipita...  _|hide observed val... _|y-axis log-s... Examine| Print | Print All | Save PDF |
SUSQUEHANNA RIVER AT MARIETTA, PA: NO3X TIME-SERIES
Simulated ' ' '
6H o Observed -
5 — —
-
(W]
=40 i
z
ui
Ear N
o
E
Z 2 _
E%
'
01-Jan-1995 01-Noy-1336 01- Sep 1998 02-Jul-2000 02-May-2002 02-Mar-2004
SL9-2490-2520: SIMULATED VS. OBSERVED S19-2490-2520: EMPIRICAL CUMULATIVE DISTRIBUTION
T T T T T 1 T T
m = 0.2671 . 09t k =0.24771 J
**I' b =-0.052703 o p = 3.0284e-
08} .
r = 0.052988 s0olh h=1
=
S o7t .
or 5
[u]
T 06l .
[
@
[m] 05t .
-0sf o ¢
o4t -
=
o
.2 Z 03t 1
-1t %g O
° 0z} -
g o Simulated
sl Ohserved
.1I5 N 05 0 05 ' 1 K
' LOG10 OBSERVED NO3X ' 10 10 10 10

NITRATE, IN MG/L

Examine Print

31-Dec-2005

1

DATA SELECTION
scenario file
INLDc8514HydBaWQ | SLI_2490_2520
plot data
NO3X - nitrate ﬂ
Dates [ 1f1j1995 @ |12/31/2005
Drive  Directory  Observed Data
N/A  [modeling | alldata
Update Plots and Statistics|
STATISTICS
n 436 436
observed simulated
. 0.04 0.051614
min -1.39794 -1.28723
mean 1.17362 1.01094
0.0314341 -0.0443065
] 1.08 0.91109
median 0334238 -0.0404404
max 6.81 3.3883
0.833147 0.5293982
: 0.28746 0.214528
VANaNce (0379604  0.0511104
_l 0,001 0.001  _J
JBrest = Goo1 0001
raw logl
% rel.bias -13.8618 -240.951
err.var, 0.426261 0.074542
rel.std.err  1.48285 1.96368
mod.eff -0.482851 -0.963676
Residual Plots |
Percentile Plots I
. : ¥
Daily Accumulation I E
Individual Monthly Avg's I R
Accumulated Monthly AI |S
Seasonal Box Plots [ O
C-Q scatter plot I N
Windowed Data Plots I 2.1
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Phase 5, Ammonia, Susquehanna at Marietta

00 X 1985-2005
_|load precipita... _|hide precipita...  _|hide observed val... _Jy-axis log-s... Examine| Save PDF |
SUSQUEHANNA RIVER AT MARIETTA, PA: NH3X TIME-SERIES
Simulated J : J J
12H  Observed -
2 1T 7
1G]
=
= 0.8+ —
<
Z 06 -
=}
= @
Z 04 8
0.2
_A Y LR T Kool Al a, JONE v-v"' % e
01-Jan-1995 01-Mov-19396 01-5ep-1998 02-Jul-2000
SL9-2490-2520: SIMULATED VS. OBSERVED
T T T T T 1
D -
m=0.61198 nal
b =-0.64787 o
08
05F ¥ =0.21365
=
P o O o7t
I 5
= al E 8 =] 0.6
@ g 8 -
g B 9
- " O pst
2 E w
Z q5¢ 3 =
Z E T o4t
= =]
o
@] o = 03k
- i 5]
] L
g 0.2
Simulated
g o L 1
=25y 01 Observed
2I5 ZI 1I5 1I UI5 X 3 I2
- ) o . - 10 10 10
LOG10 OBSERVED NH3X AMMONIA, IN MG/L
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2. rSAS —ranked StorAge Selection [steady-state TTD]
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rSAS for groundwater nitrate transport
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e rSAS simulation from 1984 to 2005 was performed
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Simulated daily loads 1991-2000: rSAS vs. UNEC
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Algorithm:
short version

Recharge P
Recharge C;
Discharge Q

Discharge C,

Compute Monthly Applications
for Land-use, Land-segment pairs

Read Export Target

sensitivity

Calibration
Scenario ?
Adjust Export Target

Read Flow & Sediment Fluxes

Initialize UNEC

Superimpose UNEC’s

Compute Relative Conc. TS

Adjust to Export Target




3. SPARROW based L2W, S2R variances

R. Mandel, G. Bhatt, G. Shenk, and others
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Calibration

Phase 5

Description

Phase 5.3.2 (AGCHEM/PQUAL)

Phase 5 PQUAL

Phase 5, but PQUAL replaces AGCHEM

Phase 5 SPARROW

Phase 5 PQUAL with SPARROW transport factors in place of
regional factors

Phase 5 Edge of SS

Phase 5 SPARROW with land simulation adjusted to
SPARROW EOS loads
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P5 transport factors vs. SPARROW derived variability

TN P5

B 0.50-0.70
. 1071-1.03
| 11.04-1.16
1 117-1.64

TN L2W S2R
B 0.26 - 0.69
I 10.70-0.91
. 1092-1.27

TN Edge of SS

BN 0.04 - 0.41
7 042-0.58
. 1059-0.75
T 0.76 - 0.94
I 095-4.92 ¢

LA
a3

P =S
SR
b j{.‘\ﬂﬁ'. L%
; ]

v
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P5 transport factors vs. SPARROW derived variability

TP P5

B 0.50 - 0.61
1 062-0.85
. ]086-1.20

TP L2W S2R

B 0.07-0.58
. 1059-087
. 1088-1.38
T 1.39-2.32

B 2.33-4.90 4

TP Edge of SS

B 0.01-0.23
1 024-041
. ]042-063
1 064-0.89
BN 0.90-9.73 ¢
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Conclusions

 Watershed model simulation was expanded to 2014.

 Watershed model performed as good as Phase 5, and in
many cases better than the previous Phase 6 model
prototype.

* Representation of lag-times were revised, which has
resulted in some improvements in model performance and
further performance improvements are expected.

Continued ...



Conclusions

* Aframework in Phase-6 model was developed to accept
rSAS simulated outputs.

e |nitial calibration runs were made based on SPARROW
derived spatial variability.

* We have all the elements necessary, including the land-
use, sensitivities, and targets, to produce the next refined
prototype Phase 6 model for the July quarterly review.



Future work

Include recent water quality monitoring data in river
calibration

Integrate new streamflow, and water quality monitoring
stations for calibration

Calibrate watershed model where groundwater nitrate is
simulated using rSAS (would require information on TTD)

Adjust lag-times specific to other nutrient species

Investigate physiographic specific lag-times and special lag
times such as in karst regions

Update model to accept Phase-6 land-uses, and export rates



Appendices

44



Phase 5, 1995-2005, TSS, Susquehanna at Marietta
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ec-2005
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_lload precipita... _lhide precipita...  _|hide observed val... _|y-axis log-s... Examine| Print | Print All | Save PDF |
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. . . . — 1 . . . .
3 -
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¥ =0.49202 h=1
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x S 07t .
82t E
= @
a E 06 .
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31| 5 o5/ }
= >
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Q
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or 01t Observed ||
s 2 25 X 0 K r r 4
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LOG1D OBSERVED TSSX TOT.SUSP.SEDIMENT, IN MG/L
Wplotlogl0... Examine|  Print M semi-log ... Examine|  Print

DATA SELECTION
scenario file
| p532cal_102413 | SL9_2490_2520
plot data
TSSX - total suspended sediment ﬂ
Dates [ 1f1j1995 @ |12/31/2005
Drive  Directory  Observed Data
N/A  [modeling | alldata
Update Plots and Statistics|
STATISTICS
n 428 428
observed simulated
. 1 0.52219
min 0 -0.282171
mean 72.7654 70.5298
1.51573 1.42103
: 36 42.362
median ) gee3 1.62696
- 1117 1331.7
3.04805 3.12441
; 11501.6 11912
Varance (354993 0.518431
_l 0,001 0.001  _J
JBrest = 00200671 0001
raw logl
% rel.bias -3.07236 -6.2474
err.var, 16463.3 0.280029
rel.std.err 1.4314 0.738829
mod.eff -0.431399 0.211171
Residual Plots |
Percentile Plots I
. : ¥
Daily Accumulation I E
Individual Monthly Avg's | R
Accumulated Monthly AI |S
Seasonal Box Plots | O
C-Q scatter plot I N
Windowed Data Plots I 2.1
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Phase 6 Oct’14, 1995-2005, TSS, Susquehanna at Marietta

[ NON | [\ 1985-2005
o , o , , DATA SELECTION
_lload precipita... _lhide precipita...  _|hide observed val... _|y-axis log-s... Examine| Print | Print All | Save PDF | scenario file
SUSQUEHANNA RIVER AT MARIETTA, PA: TSSX TIME-SERIES INLDCSSOSHVdBeWQ I SL9_2490_2520
- T | T T T plot data
Simulated TSSX - total suspended sediment ﬂ
. 10007 & Obhserved 7] pe
= o
g Dates | 1/171995  |12/31/2005
=z 600 — Drive  Directory  Observed Data
g N/A| [modeling | alldata
= 600 ¢ ¢ . Update Plots and Statistics|
o o
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.5k b =0.4378 i 0 p = 0.00015964 J0.3504(?313 06308051515 .
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% 5 07k i raw log1
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o D g6} ] errvar.  8975.58 0.207723
E B rel.std.err  0.78038 0.585148
55| 1 o st - mod.eff  0.21962 0.414852
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o 5 o04f . Residual Plots |
g T T = e J Percentile Plots I
3 3 ¥
ozk | Daily Accumulation I
05t . : i E
g o o o1l Simulated | Individual Monthly Avg's | R
o g @ o° o ’ Observed S
" e N ) ) ) ) 0 ) ) - Accumulated Monthly AI |
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£OG10 OESERYED TSSA TOT.SUSP.SEDIMENT, IN MG/L I ﬁ
Wplotlogl0... Examine Print M semi-log ... Examine Print C-Q scatter plot I
_lhide observed val... Windowed Data Plots I 2.1
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Phase 6 Apr’15, 1995-2005, TSS, Susquehanna at Marietta

[ NON | X' 1985-2005
o , o , , DATA SELECTION
_lload precipita... _lhide precipita...  _lhide observed val... _|y-axis log-s... Examine| Print | Print All | Save PDF | scenario file
: TSSX TIME-SERIES INLDc8514HydBaWQ | SL9_2490_2520
- T T T T T plot data
Simulated TSSX - total suspended sediment ﬂ
. 10001 & Obhserved 7] pe
= S
g Dates | 1/171995  |12/31/2005
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081 E . .
¥ = 0.5447 h=1 JBtest = 00200671  0.001 |
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E = % rel.bias -6.30026 -3.94481
o D 5] ] errvar.  8291.24 0.244125
B I B rel.std.err  0.72088 0.687689
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Z 1t . =
2 5 o04f 1 Residual Plots |
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o . : ¥
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0r E -
o1l Simulated | Individual Monthly Avg's | R
' Ohserved S
-05F . . . . . . N " ) ) - Accumulated Monthly AI |
-0.5 0 0.5 1 1.5 2 2.9 3 -1 o 1 2 3 4
10 10 10 10 10 10 Seasonal Box Plots
LOGTO OBSERVED TSSX TOT.SUSP.SEDIMENT, IN MG/L I ﬁ
Wplotlogl0... Examine Print M semi-log ... Examine Print C-Q scatter plot I
_lhide observed val... Windowed Data Plots I 2.1
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Phase 532 — NO3X — Susquehanna at Conowingo

(] X/ 2002-2011
_|load precipita... _lhide precipita...  _|hide observed val... _|y-axis log-s... Examine| Print I Print All I Save PDF I
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nutrient simulation based on AGCHEM/PQUAL
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scenari file

pS32cal_102413 SL8_2720_0001

plot data
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1;‘1/2002 2!31/2005

D| rector r..ad Data

Update Plots and Statistics
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-0.479143
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=Windowed Data Plots
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Yrs02-11 (v1) — NO3X — Susquehanna at Conowingo

(] X 2002-2011
- _ - _ : DATA SELECTION
_|load precipita... _|hide precipita...  _|hide observed val... _|y-axis log-s... E><amine| Print I Print All ‘ Save PDF l scenari file
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o N S Drive Director Observed Data
(6] . &> &
= P & ” S < -N,!A -modelin alldata
= 15 @ < & & < 4 @ ’ o0 :
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| b =-0.13838 - p =5.9726e-16 PPt EL 1 LR
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& o 00 ° o 07r = ==== ==== ====
S oif T 1 E
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0 ) o E
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= o o .
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o-Q 00 g 04F .
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nutrient simulation based on PQUAL

variance log, 0.7210E+00, 0.6827E+00

errorvar log,
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Yrs02-11 (v2) — NO3X — Susquehanna at Conowingo

e X/ 2002-2011
- . . . : DATA SELECTION
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Yrs85-05 — NO3X — Susquehanna at Conowingo

[ JoN X/ 2002-2011
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Mean Residence Time — Turn-over Time
(time taken for the 50% of the mass to exit/flush out of the system)

Transport Phase 6, Oct’2014 Phase 6, Apr’2015
Surface flow 3 months 3 months
Sediment flux 4 months 4 months
Inter-flow 8 months 15 months
Groundwater flow 12 months 51 months
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Yrs85-14 — NO3X — Susquehanna at Conowingo
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Phase 5, Nitrate, Susquehanna at Conowingo
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Phase 6 Oct’14, Nitrate, Susquehanna at Conowingo
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Phase 6 Apr’15, Nitrate, Susquehanna at Conowingo
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Phase 5, Ammonia, Susquehanna at Conowingo
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Phase 6 Oct’14, Nitrogen, Susquehanna at Conowingo
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Phase 5, Phosphorous, Susquehanna at Conowingo
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Potomac River at Chain Bridge, Washington DC
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Phase 5, Nitrogen, Potomac at Chain Bridge
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Phase 6 Apr’15, Phosphorous, Potomac at Chain Bridge
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James River and Kanawha Canal near Richmond, VA
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Phase 6 Oct’14, Nitrogen, James at Richmond
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Phase 6 Apr’15, Nitrogen, James at Richmond

00 [\ 1985-2005
_lload precipita... _lhide precipita...  _|hide observed val... _|y-axis log-s... Examine| Print | Print All | Save PDF |
: TOTH TIME-SERIES
Simulated ' ' ' '
3H & Observed ]
o 25 =
IG;
=
Z Zr -
=
T 151 |
[y
o)
[l
1 L
o
I o
’vﬂ hjhl‘ \} ) \ )JJ lrj’ me <& J L
05 N i Sl A ) ¢ IS hJ
3 < o5 @ & W < &
| U\ln.l 00 To JTo %y Mg(o | © | © S
01-Jan-1995 01-Mov-19396 01-5ep-1998 02-Jul-2000 02-May-2002 02-rar-2004
JL7-6800-7070: SIMULATED VS. OBSERVED JL7-6800-7070: EMPIRICAL CUMULATIVE DISTRIBUTION
04l m=0.55605 o | osl  k=0.31746

LOG10 SIMULATED TOTN

b = -0.025829
0zl P =0.4086

D - .
-0.2 E
04t .
-06F k
-08f -

-0.8 -0.6 -04 -0.2 0 0z 04
LOG10 OBSERVED TOTN
Mplotlogl0 ... Examine|  Print

CUMULATIVE DISTRIBUTION

h=1

p = 0.0025324

Simulated
Observed ||

W semi-log ...
_|hide observed val..

0
10

TOTAL N, IN MG/L

Examine Print

31-Dec-2005

DATA SELECTION
scenario file
NLDc8514HydBeWQ | JL7_6800_7070
plot data
TOTN - t i
Dates [ 1f1j1395 |12,f 3172005
Drive  Directory  Observed Data
N/A  [modeling | alldata
Update Plots and Statistics|
STATISTICS
n 63 63
observed simulated
. 0.14 0.34712
min -0.853872  -0.45952
mean 0.577143 0.719813
-0.285017 -0.184314
: 0.52 0.59034
median ;283997  -0.228398
max 1.77 2.5041
0.247973 0.398652
; 0.0862724 0.158294
Yarance 0397154  0.030053
_l 0,001 0.001 _|
Brest @ o5 0.001 |
raw logl
% rel.bias 24.7202 -35.3325
err.var,  0.0960951 0.03539055
rel.std.err  1.11386 0.904071
mod.eff -0.113857 0.0959295
Residual Plots I
Percentile Plots I
. : ¥
Daily Accumulation I E
Individual Monthly Avg's ] R
Accumulated Monthly AI |S
Seasonal Box Plots ] O
C-Q scatter plot I N
Windowed Data Plots J 2.1

82



Phase 5, Phosphorous, James at Richmond
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Rappahannock River at Matoaca, VA
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Phase 5, Nitrogen, Rappahannock at Matoaca

00 [\ 1985-2005
. ) . ) ) DATA SELECTION
_lload precipita... _lhide precipita...  _|hide observed val... _|y-axis log-s... Examine| Print | Print All | Save PDF | scenario file
RAPPAHANNOCK RIVER MEAR FREDERICKSBURG, VA: TOTH TIME-SERIES I pS532cal_102413 I RUS_6030_0001
= T T T T pIOt data
aH Simulated o - -
TOTN - total nitrogen ﬂ
o Observed | ©
il Dates [If1j1995  [12/31/2005
2 3k |, Drive  Directory  Observed Data
s 25— |° N/A  [modeling | alldata
Z~ ' Update Plots and Statistics|
= _
2 ot e STATISTICS
515 n 302 302
= observed simulated
1 © . 0.18
min -0.744727  -0.695079
05— % <> mean 1.063 1.0085
° b o -0.0745819 -0.0636901
01-Jan-1995 01-Nov-1996 01-Sep-1998 02-Jul-2000 02-May-2002 02-Mar-2004 31-Dec-2005 ) 0.89 0.896985
median
RUS5-6030-0001: SIMULATED VS. OBSERVED RUS5-6030-0001: EMPIRICAL CUMULATIVE DISTRIBUTION -0.05061 -0.047218
06 F . . . - - - T —— 1 T rnax 4.25 3.547
-0 0.628389 0.549861
m = 0.50706 0 o . 0.9 k = 0.076159 - variance 0.559338 0.311686
04F b =-0.025873 oo o ee T p = 0.33282 DOSEAE 0062816
' 0.8 E ) .
¥ = 0.3839 230 £ 8 h=0 JBrest & 012881 0.046522
z 02 b 5 07 ] raw logl
o = % rel.bias -5.12721 -14.6038
a ol | D 15 ] errvar,  0.411694  0.0613169
E B rel.std.err 0.736039 0.656893
= o 05 1 mod.eff  0.263961 0.343107
w
E -0.2r b Z
@ 5 04 1 Residual Plots |
g 04t T = 0.3 | Percentile Plots I
| 5 W
© . : ¥
sl oo | 0.2 | Daily Accumulation I E
o. "
e o 01 Simulated | Individual Monthly Avg's I R
08} 4 ’ Observed S
) ) ) ) ) ) ) . ) Accumulated Monthly AI |
-08 -06 -04 -02 0 0.2 04 0.6 100 5 | Box Plot ] o
easonal Box Plots
LOG10 OBSERVED TOTN TOTAL N, IN MG/L N
Mplotlogl0 ... Examine Print M semi-log ... Examine Print C-Q scatter plot I
_lhide observed val... Windowed Data Plots I 2.1

86



Phase 6 Apr’15, Nitrogen, Rappahannock at Matoaca
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Phase 6 Apr’15, Phosphorous, Rappahannock at Matoaca
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Example Steady State Transit Time Distribution
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Output Concentration [ mg/I ]

= Streamflow — Precipitation

0.56 -

0.49 -

0.42 - r

0.35 - To understand the mechanics, input
setup has been simplified to one
0.28 - injection event.
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= Cummulative Input = Cummulative Output

10

E 7 - o 1
oT0]
E
x O . .
= i Observed some missing tracer in output.
§ > Does this go away with higher magnitude injection?
£
E
‘_;' Mass Input 8.7908
3 Mass Output 6.8177
Mass Loss 1.9732
Mass Loss % 22%




Load [ (mm/day) x (mg/l) ]

= Cummulative Input = Cummulative Output

105

90 -

60 -

45 -

15 -

S A S N

Higher injection magnitude did not fix it.
What about TTD ending at less than 17?

Mass Input 100.0000
Mass Output 55.2886
Mass Loss 44.7114
Mass Loss % 45%




Steady State TTD
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Load [ (mm/day) x (mg/l) ]
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Rescaled Steady State TTD to 9000 days

—- Cummulative Input —= Cummulative Output

Scaling to 1 apparently exacerbated the issue.
Could simulation being shorter than TTD be the problem?




Steady State TTD

Rescaled to 1, with 5000 days

Cumulative Frequency Distribution of TT
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Load [ (mm/day) x (mg/l) ]
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Rescaled Steady State TTD to 5000 days

- Cummulative Input —= Cummulative Output

TTD reaching within simulation period did not help.
Examine other probable causes ...




Load [ (mm/day) x (mg/l) ]
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Rescaled Steady State TTD to 5000 days, and P_Eff = Q

—- Cummulative Input —= Cummulative Output

Setting mean recharge rate equal to mean
discharge rate resulted in mass balance.




rSAS for groundwater nitrate transport

A42105-forest: {P,C,Q} »> {C,}

— P =daily precipitation
< — C, =total monthly application / total monthly P
— Q =simulated base-flow (AGWO)

{ — P Eff = scale P to match Q
— rSAS param. = mean of Q

**rSAS simulation **

{ - C, = scale C, to match export target }



What if: one input, and avg. annual export target

7
n
61 —=- SSTTD 05 Years
5 " —— SSTTD 25 Years
| |
4 —

An experiment for land-use, land-segment pair
3 - setup with the given export target. Two
scenarios with different TTD.
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Algorithm: Short Version

Compute Monthly Application for a Land-use
at a Land Segment (calibration & scenario)

Calibration Mode Initialize Export Target Scenario Mode

Read Flow & Sediment Fluxes

Initialize UNEC

Superimpose UNEC's

Compute Relative Conc. TS

Adjust for Export Target
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; . Compute Monthly Applications
Algorlthm. for Land-use Land-segment pairs
Short Version

Read Export Targets

sensitivity

Calibration

Scenario ?

Adjust Export Target

Read Flow & Sediment Fluxes
Initialize UNEC

Superimpose UNEC’s

Compute Relative Conc. TS

Adjust for Export Target
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Nitrogen Loads: Simulated vs. USGS-ESTIMATOR
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p532
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Phosphorous Loads: Simulated vs. USGS-ESTIMATOR

05 10

00

0 1 2 3 4

Phase 5

e —
I

Phase 5 SPARROW

05 1.0

00

-06 -04 -02 00 02

Phase 5 PQUAL

Phase 5 Edge of SS

105



p532

SPARROW_TRANSPORT

Phosphorous Loads: Simulated vs. USGS-ESTIMATOR
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