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Presentation Qutline

* Input Data Summary
e Sediment export targets
* Nutrient export targets
 SPARROW land-to-water delivery variances
 SPARROW stream-to-river delivery factors

* P6 model calibration
e P6 simulated loads vs. WRTDS
* An examination of nutrient budgets at RIM stations

* Options to address nutrient loading at RIM stations



Sediment Export Targets — Agricultural Land-uses
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Sediment Export Targets — Natural Land-uses
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Sediment Export Targets — Developed Land-uses

30

25

20

15

10

5

0

+

30

25 — —

20

15

10




. I I _ _ | M, !
"
-
Q _ usl L2
= "
(<)) | |[x22
2 | >
Xau
(@) +
@ | |xaa -
> # | pro *
— + ju
(@) # | pw + | sou
# | pu + [Fydu
+ uww
#)) || pdo + | S
#) | pdu | | sow
4+ | ypw
#[) | pda + u»
.T:_._”_”_._ 1yu + 8»
+ S0
+iH- [ oyu + |y
.x.T_H_'_ wmy ) CJ
uge

+I#_”__.+ woy

+ + 4+ -—[[H dn

o .
wm|
| | op +  +{H+
oje
san "
|eu
Ayu
oAy

-+ ++ e + + B
+# | edu
+.-¢ sed

L [y

* 10}
o

| |
[=] [=]
[=] [=]

| | |

o o o
(=1 (=2 o
m ™~N — b ~

400 —

| |
o [=}
o o
< -

(4A/2e/q]) 1Y HOdX3 NL (4A/2e/q]) 1€y HOdX3 NL

Total Nitrogen Land-use Export Targets
£
:
" &



™~
T T T T T T T,7T]- AL
o4 _ u”?» _
m _ udl _
W | xa0 "
e | |xau _
(@] _
© | |xaa _
> + |pp J_r
O + |pw "
4+ |pu +| You
| | uow
4 |pd> + Shw
.4 pdu |1l sow .
0 | 2
QL 4 | pdi | wa | =
@) o+ - | yu a2 o
g 4 2 |5
o # |oyu +1 Yo [
I~ cb | umy | e 55
o " || uqe | =
- woy | ©
m + + + 4+ =[]} di " ._M
X o e v oju " m
E ._._‘. wm| I vm
e _ o .-._—_ w
[
w + #) n:
| _ - +H[ m
d _ sin —_H_ .—nld-
n r0 .W..
a .__—. ey [ .a
-~dJ H W HE] [ Agu i =
ot + | oAy * m.
u H ..m
N | mAy 10 @
O Ht e Ll =
S | =
p +4 |edu + =
"
t c
m +L sed ' %
—~ e ¥ "
.+
Q T — ._. o A N T N N MR N M & wn.
S 8RrR8gges8R=eC 2 S 8 3 § 8 8 2 ° 5
L ) b o
_m (4A/2e/q)) 21y HOdX3 d1 (4A/2e/q) @1y MOdX3 d1 Q
©
(aa]




Revised SPARROW Land to Water Delivery Variances

Nitrogen Delivery Variances
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Phosphorus Delivery Variances
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Revised SPARROW Stream to River Factors
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Nitrogen STR Factors
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Phosphorus STR Factors
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Other Datasets

New Phase-6 land-use dataset — Peter Claggett and SB team

All new Phase-6 input dataset including riparian pasture deposition —Jessica

Rigleman and SB team

Preliminary atmospheric deposition data based on NLDAS-2 precipitation —

Jeff Grimm
26 additional flow stations — Guido Yactayo and Kyle Hinson

Revised water quality observations — Michael Langland and Guido Yactayo

Revised WRTDS data — Jeffery Chanat and Guido Yactayo
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Nash-Sutcliffe Efficiency at 191 Calibration Stations
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PHASE 5

NITROGEN
SUSQUEHANNA AT MARIETTA 1985 - 2005

[ NON [X| 1985-2005
- . . . ) DATA SELECTION
_|load precipita... _|hide precipita... _|hide observed val... My-axis log-s... Examine Print Print All Save PDF scenario file
SUSQUEHANMNA RIVER AT MARIETTA, PA: TOTH TIME-SERIES 5 3
I Simulated ' ' ' ' ' ] plot data
. Observed - TOTN - toral nitrogen |
I i Dates 5 |12/31/2014
2 Drive  Directory  Observed Data
g o [modeling | calib ]
= Update Plots and Statisticl
=
= STATISTICS
'6 n 535 535
s observed simulated
100 | . 0.71 0.66708
C i min -0.148742  -0.175822
i ] S 1.73054 1.83516
0.215982 0.240454
01-Jan-1385 02-Jul-1958 01-Jan-1992 03-Jul-1985 01-Jan-13993 02-Jul-zo0z 31-Dec-2005 di 1.6 1.6718
$19-2490-2520: SIMULATED VS. OBSERVED $19-2490-2520: EMPIRICAL CUMULATIVE DISTRIBUTION median - 9.20412 0.223184
— 1 . max 7.92 6.8371
o 0.898725 0.834872
08t m=0.45136 ° 1 03 k=0.13458 1 variance 0.383373  0.477799
ozl b =0.14297 o, o i 0s p = 0.00010651 —]0-015%)%416 0'0052‘{651_1
¥ = 0.20063 oo e o o ' h=1 JBrest = Goo1 0.001 |
z 06} 1 6 07k J raw logl
S gl | E % rel.bias  6.04534 11.3307
o o sl 1 errvar. 0500208  0.020834
E 04t - 5 rel.std.err  1.30476 1.14569
. O ps5f 1 mod.eff -0.304757 -0.145695
w
= 03f b =
o T oaf 1 Residual Plot
= 7 g 04 esidual Plots |
8 = g3t ] Percentile Plots I
= 01f 4 3 v
ol | 0.2 | Daily Accumulation I E
- Simulated | Individual Monthly Avg's | R
el i : Observed S
02 L e L L . Accumulated MontthA...I |
' -02 -01 0 01 02 03 04 05 06 07 08 100 5 | Box Plot I O
easonal Box Plots
LOG10 OBSERVED TOTN TOTAL N, IN MG/L "
Wplotlogl0 ... Examine|  Print | M semi-log ... Examine|  Print | C-Q scatter plot__ |
—lhide observed val... Windowed Data Plots | Z_ﬁ 2
A



PHASE 6

NITROGEN
SUSQUEHANNA AT MARIETTA 1985 - 2014 OG

[ NON | [X| 1985-2005
- . - . ) DATA SELECTION
_|load precipita... _|hide precipita... _|hide observed val... My-axis log-s... Examine Print Print All Save PDF scenario file
SUSQUEHANNA RIVER AT MARIETTA, PA: TOTN TIME-SERIES ‘ 110
. T | T T | 3 plot data
L Simulated _ -
: o Observed o : W :
Dates 171 '
o Drive  Directory
2 [modelin [ OBS20151030 |
Z\ Update Plots and Statisticsl
=
7 STATISTICS
5 n 1061 1061
s observed simulated
. 0.546 0.70506
min -0.262807  -0.151774
mean 1.61256 1.44407
| l | | | 0.184493 0.141047
01-Jan-1385 01-Jan-1390 01-Jan-1995 01-Jan-2000 31-Dec-2004 31-Dec-2003 31-Dec-2014 di 1.5 1.3298
S1L9-2490-2520: SIMULATED VS. OBSERVED SL9-2490-2520: EMPIRICAL CUMULATIVE DISTRIBUTION median 0.176091 0.123786
: . : . . — 1 T masx 8.27 6.0187
0.917506 0.779503
08F m= 0.45303 ° g 09t k = 0.1885 g variance 0.33342 0.236742
b =0.057467 0s p =5.6251e-17 _]0-013%)2516 06033?08_1
o L Killg - 8 8
¥ = 0.27065 o h=1 Brest = Gool  oool
z 06 . 1 6 07k J raw logl
o = % rel.bias -10.4484 -23.5488
a 2 o6t 4 err.var, 0.334989 0.0182316
E 04r 1 & rel.std.err  1.00471 0.950771
= 8 05F 1 mod.eff -0.00470562  0.0492295
= =
2 02t E T 04t g Residual Plots I
= =]
8 = g3t i Percentile Plots I
— 5 U
B Y
0f 1 0zk | Daily Accumulation I E
o1l Simulated || Individual Monthly Avg's | R
ozt 1 Ohserved S
’ . . . ) ) ) " Accumulated Monthly AI |
-0.2 0 0.2 04 0.6 0.8 100 5 | Box Plot I 0
easonal Box Plots
LOG10 OBSERVED TOTN TOTAL N, IN MG/L v
Wplotlogl0 ... ExamineJ Print J M semi-log ... ExamineJ Print J C-Q scatter plot I
_Ihide observed val... Windowed Data Plots | Z_a 3



PHASE 5

PHOSPHORUS
SUSQUEHANNA AT MARIETTA 1985 - 2005

[ NON ) [X| 1985-2005
- . . . . DATA SELECTION
_|load precipita... _lhide precipita...  _Jhide observed val... ®My-axis log-s... E><amine| Print | Print All Save PDF scenario file
SUSQUEHANNA RIVER AT MARIETTA, PA: TOTP TIME-SERIES . al_1
I Simulated | | e ' N : ] . plot data
¢ Observed @ X ¢ o —W
¥ Dates 1/1 5 |12/31/2014
o )¢ Drive  Directory  Observed Data
g Ko I [modeling | calib ]
i I
zﬁ H if ! Update Plots and Statisticsl
[V b
2 s . STATISTICS
£ o o i n 605 605
= I w0 4 observed simulated
. 0.006 0.034676
2 min -2.22185 -1.45997
0 E E S 0.101661 0.0955259
C | | | | | 7 -1.08811 -1.06812
01-Jan-1385 02-Jul-1958 01-Jan-1992 03-Jul-1985 01-Jan-13993 02-Jul-zo0z 31-Dec-2005 di 0.08 0.081333
S19-2490-2520: SIMULATED VS. OBSERVED SL9-2490-2520: EMPIRICAL CUMULATIVE DISTRIBUTION median -1.09691 -1.08973
T T T T T T T e 1 max 0.52 0.51214
-04F o o E -0.283997 -0.290611
m = 0.35808 e 09} k=0.16198 1 variance 0:00548981  0.00264884
06t b =-0.67849 o ga & @ ] p = 2.0247¢ 0.0824135  0.0390579
T S 08} h=1 . Brest - 0001 0001 |
N _ _ = E 05 0.001
'n__ . O 07t J raw |Ogl
'Q b | = % rel.bias  -6.035 -1.83703
o 2 6l | errvar,  0.00437081  0.0628499
E oLl | 5 rel.std.err 0.796168  0.762617
= S st 1 mod.eff  0.203832 0.237383
z | ] >
2 o g 04} g Residual Plots I
8 -161 b g 03k ] Percentile Plots I
| s 0
A o ¥
-181 E azh | Daily Accumulation I E
2t - 01k Simulated | Individual Monthly Avg's | R
' Observed S
22k . . ) . ) . . . . | " ) Accumulated Monthly AJ |
-22 -2 -18 -16 -14 12 -1 -08 -06 -04 -3 -2 -1 0
10 10 10 10 Seasonal Box Plots
LOG10 OBSERVED TOTP TOTAL P, IN MG/L I ([:q)
Mplot log10 ... Examine|  Print | M semi-log ... Examine|  Print | C-Qscatterplot |
—lhide observed val... Windowed Data Plots | 2_a I



PHASE 6

PHOSPHOR
SUSQUEHANNA AT MARIETTA 1985 - 2014 OSPHORUS

[ NON | [X| 1985-2005
- . - . . DATA SELECTION
_|load precipita... _lhide precipita...  _|hide observed val... M y-axis log-s... E><amine| Print | Print All | Save PDF scenario file
SUSQUEHANNA RIVER AT MARIETTA, PA: TOTP TIME-SERIES
. T T T T T 3 plot data
Simulated <& o 4 8 o o =
Observed
o Drive Dirctory
= /A [modeiing [ OBS20151030 |
z, Update Plots and Sta{-istici
o
N STATISTICS
5 n 1066 1066
s observed simulated
. 0.011 0.028093
min -1.95861 -1.5514
mean 0.0965113 0.0801584
-1.13261 -1.15567
01-Jan-1385 01-Jan-1390 01-Jan-1995 01-Jan-2000 31-Dec-2004 31-Dec-2003 31-Dec-2014 di 0.07 0.0655185
SL9-2490-2520: SIMULATED VS. OBSERVED SL9-2490-2520: EMPIRICAL CUMULATIVE DISTRIBUTION median -1.1549 -1.18364
. . : . — 1 thax 0.553 0.47237
° o -0.257275 -0.325718
A m = 049610 I ] 08¢ k = 0.12946 1 variance 0-00609823  0,00233856
b =-0.63600 0g % p = 2.8728e- 0.101038 0.0478489
-0.6 e e 1 08¢ : JBtest — _ 0.001 0.001 ]
h=1 _] 0.0067308 0.001
& gl | & o7l _ raw log1
o e 5 % rel.bias  -16.944 2.03636
o 2 o6t 4 errvar,  0.00391746 0.056718
E -1 ] & rel.std.err 0.642393 0.561352
3 o 05} 1 mod.eff  0.357607 0.438648
= 12t T .
s S ooat - Residual Plots I
— i}
8 14t ) g 03t i Percentile Plots I
4 5 0
o A
16 1 0.2 | Daily Accumulation I E
o Simulated || Individual Monthly Avg's | R
=18 i Observed S
) ) . ) ) . . ) " ) Accumulated Monthly AJ |
18 -16 -14 -12 -1  -08 -06 -04 -2 -1 0
10 10 10 Seasonal Box Plots
LOG10 OBSERVED TOTP TOTAL P, IN MG/L I ﬁ
Mplot log10 ... Examine|  Print | M semi-log ... Examine|  Print | C-Qscatterplot |
_Ihide observed val... Windowed Data Plots | 2 a E



PHASE 5

SEDIMENT
SUSQUEHANNA AT MARIETTA 1985 - 2005

[ NON ) [X| 1985-2005
- . . . . - - - DATA SELECTION
_|load precipita... _|hide precipita... _|hide observed val... My-axis log-s... E><am|ne| Print Print All Save PDF scenario file
SUSQUEHANNA RIVER AT MARIETTA, PA: TSSX TIME-SERIES olo% Ve 49C
1c|3 Simulated I =
., o Observed i
5 i
2 ] > [12/317201
= | Observed Data
%‘ ”: [modeling | calib ]
= i Update Plots and Statistics]
=]
. [ STATISTICS
3_:; : h 594 594
= A obhserved simulated
5‘ . 1 0.57176
e min 0 -0.242786
: mean 71.9545 62.8027
| | | | | 1.54226 1.36329
01-Jan-1885 02-Jul-13988 01-Jan-1992 03-Jul-1395 01-Jan-1939 02-Jul-zooz 31-Dec-2005 di 38 36.664
S19-2490-2520: SIMULATED VS. OBSERVED $19-2490-2520: EMPIRICAL CUMULATIVE DISTRIBUTION median 1 c7978 1.56424
: . . . —_— 1 : : : max 1117 13317
3t . IR 3.04805 3.12441
m = 0.90517 . 03} =0.17845 | variance 101217 10082.9
- b =-0.032712 o o p =9.227e-09 _10'33630312 06500061587 0
St \ 1 0.8 - : .
¥ = 051259 h=1 Brest = 00127023 0001 |
% 5 o7} - raw log1
] 2r E = % rel.bias -12.7189 -11.6039
o ° D 50 - errvar.  13017.4 0.281845
E E rel.std.err  1.2861 0.889291
g 197 1 S ost - mod.eff -0.286097  0.110709
= s
g nl 1 E 04t - Residual Plots I
8 % 03k ] Percentile Plots I
] 8 . V
05t b i i
° 0.2 ] Daily Accumulation I E
o Simulated || Individual Monthly Avg's | R
or b ’ Observed S
. ) ; . ) . " ) ) - Accumulated Monthly AI |
0 0.5 1 1.5 2 2.5 3 -1 0 1 2 3 +
10 10 10 10 10 10 Seasonal Box Plots
LOGIN CBSERYED TS5 TOT.SUSP.SEDIMENT, IN MG/L I 2
Mplot logl0 ... Examine|  Print | M semi-log ... Examine|  Print | C-Q scatter plot__ |
_Ihide observed val... Windowed Data Plots | z_ﬁ ﬁ



SUSQUEHANNA AT MARIETTA

PHASE 6

1985 - 2014

SEDIMENT

[ NON ) [X| 1985-2005
- . - . ) - - - DATA SELECTION
_|load precipita... _|hide precipita... _|hide observed val... My-axis log-s... Examine Print Print All Save PDF scenario file
SUSQUEHANNA RIVER AT MARIETTA, PA: TSSX TIME-SERIES
Simulated ' T R ™ .7 T T
. Observed )
g - Dates 171
= Drive  Directory
E‘ [modelin [ OBS20151030 |
= lUpdate Plots and Statisticsl
=)
b STATISTICS
o n 1057 1057
2 observed simulated
5‘ . 1 0.10674
= mimn 0 -0.971673
mean 63.1587 91.9791
| l | l 1.43802 1.36677
01-Jan-1385 01-Jan-1390 01-Jan-1995 01-Jan-z000 31-Dec-2004 31-Dec-2009 31-Dec-2014 di 29 42,268
S19-2490-2520: SIMULATED VS. OBSERVED SL9-2490-2520: EMPIRICAL CUMULATIVE DISTRIBUTION median 1.4624 1.62601
3 . T . : . 1 " T thax 1117 1178.3
3.04805 3.07126
| m= 1.1039 0af =0.18259 4 variance  B194.36 14507.6
' b =-0.22068 =6.7571e-16 _10-3%635;‘ 8-33197 0
o 08 E . .
| ¥ =051284 ° =1 Brest = G001 000l
x 8 & o7l _ raw log1
] ° 8 = % rel.bias  45.6317 -4.95478
a 15f g 1 2 o6t 4 arr.var, 10665.9 0.433836
E g 5 rel.std.err  1.30161 1.18226
3 1r o b 8 0sf 1 mod.eff -0.301613 -0.182262
= H =
] = | | ;
o 05t E’ = | < 04 Residual Plots I
o ? =2 .
o o = g3t i Percentile Plots I
1 - od” o -] -] a "
or : 1 © v
o Daily Accumulation I
o 0.2 N E
-0.5F 1 o1l Simulated || Individual Monthly Avg's | R
o ’ Ohserved S
Ak . : . ) . ) . L . . ) - Accumulated Monthly AI |
-4 05 0 05 1 15 2z 25 3 1 ° 1 2 3 +
10 10 10 10 10 10 Seasonal Box Plots
iR TOT.SUSP.SEDIMENT, IN MG/L I f\l)
Wplotlogl0 ... ExamineJ Print J M semi-log ... ExamineJ Print J C-Q scatter plot I
_Ihide observed val... Windowed Data Plots | Z_a z
A
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PHOSPHORUS
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SIMULATED LOADS ( Ibs/year)
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SEDIMENT
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Millions

Total Nitrogen at RIM Stations

160

m SIMULATED ®m WRTDS

140

120 BASIN SIM/WRTDS Aug-15
susQ 94% 92%
100 POTO 81% 75%
JAME 65% 63%
80 RAPP 74% 64%
. APPO 55% 53%
PAMU 107% 98%

0 MATT 157% 137%
PATU 96% 105%

0 CHOP 116% 119%

I I I [ I

sSUusQ POTO JAME RAPP  APPO PAMU MATT PATU CHOP



Millions

Total Phosphorus at RIM Stations

suUsQ

POTO

JAME

RAPP

APPO

® SIMULATED B WRTDS
BASIN SIM/WRTDS Aug-15
sSuUSQ 81% 92%
POTO 63% 74%
JAME 44% 40%
RAPP 58% 88%
APPO 59% 147%
PAMU 91% 94%
MATT 126% 140%
PATU 74% 91%
CHOP 244% 534%
PAMU MATT PATU CHOP
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Phase-6 (process) simulation scales

» Edge of Plot — loads from targets (affect of source loads)

* Edge of Field — loads after land-to-water variances
* Edge of Stream - |loads after Septic, PS, & BMPs

* Edge of River — loads after stream-to-river factors

* Delivered to Bay — loads transported to the Bay




Millions

Nitrogen budgets at P6 simulation scales

250
Edge of Plot
500 Edge of Field
W Edge of Stream
B Edge of River
150 B Edge of Bay
B Simulated
®m WRTDS
100 —+
50 +
0 e — —— [ — [ — I

suUsQ POTO JAME RAPP APPO PAMU MATT PATU CHOP



Phosphorus budgets at P6 simulation scales

30

Millions

Edge of Plot
25 Edge of Field
Edge of Stream

Edge of River

20 +

Edge of Bay
Simulated
WRTDS

10 +

I I I I I

SUsQ POTO JAME RAPP APPO PAMU MATT PATU CHOP
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Millions

2.5

1.5
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Regional Factors — Four Options

1. No regional factors
* Load fully explained by data
 Calibration may not be quite as good as P5

2. No RFs; load the WQSTM with WRTDS

* WQSTM would have accurate loads
* Would cause problems with climate and seasonal runs

3. Regional factors
* Would provide a better calibration
* Still some unexplained variability

4. Regional factors that apply to the calibration
targets
* Sensitivitiesto inputs would not be affected

* Makes sense if we believe that the unexplained
variability is due to errorsin inputs
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Phosphorus
oudget for FOR
James River System
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Regional factors — four options

1.

Gary Shenk

No regional factors — completely explained by inputs,
but the match is not quite as good as P5 (probably)

No regional factors, but load the WQSTM with
WRTDS — best argument for RFs is to get the
estuarine model correct. This would take care of

that.

Regional factors — better match than p5, but there is
still some unexplained difference in loads

Regional factors that apply to the calibration targets
— same reasons as #2, but the sensitivity to inputs

won’t be affected by these RFs
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