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Partnership Review

é fat%ll fIIaw may be the basis for the implementation of changes to the draft Phase
models.

A fatal flaw is defined as a significant impediment, based on a weight of evidence
approach, of the ability of the partnership to establish reasonable planning targets
or evaluate progress toward achieving the planning targets or meet the conditions
of EPA’s “Interim Expectations for the Phase Ill Watershed Implementations Plans,”
dated January 19, 2017 (Expectations Document) due to:

e A calculation or method that does not follow the documented final decisions of
the CBP partnership

e A calculation or method, or combinations thereof, that produce illogical results
that result in significant impediment

e The omission of data submitted by the CBP partnership subject to established
deadlines

* The overall failure of the model calibration to match observed flows and loads
when compared to the level of performance in previous models




Average Loads

The Agricultural Land Use Loading Rate
Subgroup determined that the phosphorus
export rate for cropland and pasture land
uses is a function of the soil P storage and
landscape properties rather than land use.

January 21, 2016 AgWG Decision: DECISION: The AgWG approved the final Phase 6.0 Ag Land Use Loading Ratios Report.




Phase 6.0 Ag Land Use Loading Ratios Report

* Recommendation: Since the APLE2.4 simulated phosphorus loads also
encompass sub-factors that incorporate land use and geographically-
distributed characteristics, our Sub-group also endorsed using APLE 2.4 as a
reasonable basis for P6 land use derived phosphorus loads. Since land use
and geographical variability is already incorporated into the phosphorus
calculation, the Sub-group recommends no additional adjustment for land
use be made to the APLE2.4 predictions of EOF phosphorus loads. Any
fractional adjustment to these loads during calibration should also be
applied equally to all land uses.

* For future review: Although our Sub-group endorsed the use of APLE2.4 for
§enerating phosphorus loads and relative loading ratios, current results
rom APLE2.4 simulated phosphorus loads are based on RUSLE and soil P
concentrations from Phase 5.3.2, and simulated results using the RUSLE2
erosion loads and the updated soil P test results should be reviewed for
consistency.




Use of Multiple Models

for Phosphorus Export Rate
 tandcass | Crop | Pasture/Hay | Developed | Natural _

Acres above RIM stations 2,620,895 4,535,321 2,690,480 21,458,991

P532 Loading Rate (pounds per acre per 223 1.48 1.22

year) 0.12
CEAP Loading Rate (pounds per acre per 1 A Not used

year) 0.10
SPARROW Loading Rate with BMP effects 0.94 0.22 0.34

removed (pounds per acre per year) 0.06
Average Ratio to Crop Rate 1.00 0.44 0.4 0.05
Average Land class Loading Rate

(phosphorus pounds per acre per year) 1.87 0.81 0.85 0.09

Total Land class Load (million pounds per

4.89 3.69 2.38 1.98




Phosphorous

e (March 16, 2017) DECISION: The AgWG approved the AMS
recommendation to simulate soil P history by using a mass balance
modeling approach combining APLE and soil test data. This decision was
made with Pennsylvania abstaining.

Phosphorus Conceptual Model

Phosphorus

===) Crop Removal

output gz

mm) [0 == |0ad
Ao

Inputs

BMPs

Soil storage



Basis for 25 Years?

450

400

350

300

250

200

150

100

50

Soil P Concentration, Mehlich 3 (mg kg?)

0: y = 54.14¢(-0.0306x)
400: y = 128.1el0:043x]
800: y = 203.7e(0-033x)
1200: y = 298e(-0:03x)

i- -+ 1600: y = 284.9¢(0-030%)
™~ - A
A =~ l _ 4 About 4 % reduction/yr, or 2°
—
-~ yrs from 200 ppm to 100 ppnr
i . -_-j"'- — i - T T~ —
s - T
L S ¢ g = .g
‘ T - _— . - .
. '. --.. ........... ’ r i-‘ -
P _ . S
2 4 b YB 10 12 14 16
ear

——(0 9400 - -800 -B- 1200 == 1600

Fiorellino, et al., 2017 https://dl.sciencesocieties.org/publications/ai/abstracts/109/2/455 ?access=0&view=pdf




How P Runoff Responds to Time

 Assume an annual 4 ppm decrease in soil P in a
scenario. Everything else remains constant.

* Remember that average, annual P runoff for crop
land uses is 1.87 |bs P/acre.

Input Input Unit Change in EOSS | Runoff | Runoff | Runoff

P loss (Ibs) (1Yr) | (10Yrs) | (25 Yrs)

Soil P ppm 0.015| -0.06 -0.6 -1.5
Sediment Washoff ton/ac 0.168 0 0 0
Runoff Inches 0.057 0 0 0
Water Extractable P (WEP) |lbs/acre 0.018 0 0 0




Soil Mehlich 3 reanalysis using APLE

=" APLE model was calibrated against observed soil
Mehlich 3 data using Beta 3 nutrient inputs.

Grains with Manure Pasture

B 22-44 B 21 - 31
B 45-63 B 32 - 41
e4-78 i 42-51
79-91 52-63
92 - 111 64 -78
I 112-135 i 79-103
B 136 - 177 ) I 104 - 128
B 178 - 281 11 Bl 129- 179

AAAAAAAAAAAAAAAAAA

See appendix for variability in Soil Mehlich 3 for P6 agricultural land uses, and across P6 land segments



Average Load + A Inputs * Sensitivity

P Load from grain without manure =
1.87 +0.013 * (Mehlich—98.2) ppm
+0.144 * (storm runoff - 6.73) inches

+0.049 * (SEdiment loss - 4'75) tons Grain without Manure TP TP Fert 0
+0.015 * (WEP — 14-3) lbs Grain without Manure TP TP Runoff 0.0492

Grain without Manure TP TP Sediment  0.1449

Grain without Manure TP TP SoilP 0.0129

Grain without Manure TP TP WEP 0.0179

Grain with Manure TP TP Fert 0

Grain with Manure TP TP Runoff 0.0492

Question: How does a farm manage for load reduction? Grain with Manure TP TP Sediment  0.1449
Grain with Manure TP TP SoilP 0.0129

Grain with Manure TP TP WEP 0.0179

Sensitivities are the Chesapeake Bay-wide average change in export load to a small stream for each unit change in input |



High Till Landuse
APLE Model Sensitivity Analysis

R T
Sensitivi

Mehlich (ppm) 0.016 0.745 0.685 0.914 0.230
Sediment (Ton/a) 0.179 0.805 0.598 0.938 0.036
Manure (Ibs/a) 0.026 0.924 0.404 1.554 0.044
Runoff (inches) 0.070 0.784 0.396 3.055 0.027
Fertilizer (Ibs/a) 0.015 0.853 0.229 0.740 0.034
Uptake (Ibs/a) -0.012 0.848 (165 0.502 0.042

APLE is more sensitive to mehlich, sediment, manure, and runoff than to
fertilizer and uptake



Documentation 4A - Sensitivity analysis of the HSPF AGCHEM Model
Richard Tian, Guido Yactayo, Gary Shenk, Lewis Linker

September 2013

* Therefore, for the 2017 mid-point assessment, it is planned to shift from a
combined PQUAL and AGCHEM simulation, which was systematically used in the
previous phases of the Chesapeake Bay Program, to a full version of PQUAL.
However, the Chesapeake Bay Program must develop a new version of PQUAL as
robust as the ACHEM prior to application. To this end, the Chesapeake Bay Program
Modeling Team has conducted a series of comprehensive sensitivity analyses of the
AGCEHM simulation between all nutrient inputs and outputs over all land segments
and all land uses in the Bay watershed. The functions resulted from these
sensitivity analyses will be used to specify functional links between nutrient inputs
and outputs in the PQUAL version of the Watershed Model.

* These scenarios were simulated over ten years from 1991 to 2000 and average
annual data of both inputs and outputs were used for the analyses.



LoadSource

Grain without Manure
Grain with Manure
Silage without Manure
Silage with Manure
Grain with Manure
Silage without Manure
Grain without Manure
Silage with Manure
Grain without Manure
Grain with Manure
Silage without Manure
Silage with Manure

10C Targets Draft Final

Average Load + A Inputs * Sensitivity

LandSegment

N24029
N24029
N24029
N24029
N42055
N42055
N42055
N42055
N42075
N42075
N42075
N42075

Kent MD

Franklin

Lebanon

TN/Acre

38.0
59.3
43.1
59.0
57.0
46.5
39.9
67.4
40.7
58.0
47.3
68.6

beta 6/17

39.07
54.7
45.33
63.3
54.7
45.33
39.07
63.3
39.07
54.7
45.33
63.3

TP/Acre
1.42
1.49
1.67
1.74
1.29
1.59
1.15
1.75
1.42
1.56
1.85
2.02

beta 6/17
1.87



Chesapeake Bay Program Phase 6 Watershed Model — Section 2 —
Average Loads Draft Phase 6 — for partnership review — 6/1/2017

Section 2.5

An area of considerable uncertainty is the phosphorus losses in stream
reaches that are not reservoirs.

Ator and others, 2011, Noe and others 2015a and 2016b indicate that the
losses in free-flowing streams and rivers are relatively small.

The Phase 5.3.2 watershed model had a significant loss of 12.8 million
pounds of P in these systemes.

Attempts to calibrate the Phase 6 model in beta versions using the
assumption of no let loss were not successful. Several major river systems
had more phosphorus measured at the output than was generated by all
upstream sources.

For this reason, the Phase 5.3.2 losses of 12.8 million pounds were used in
the final version.




Dissolved Oxygen Criteria Attainment
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Nitrogen Conceptual Model
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Use of Multiple Models

for Nitrogen Export Rate
dcs Lcop L retutiey [opesioped L taunl

2,620,895 4,535,321 2,650,480 21,458,991

P532 No BMP Loading

Rate (pounds per acre 47.51 14.95 16.80 4.21
per year) .
CEAP Loading Rate

(pounds per acre per 42.52 10.19 Not used

1.61
year)
SPARROW Loading

Rate with BMP effects
removed (pounds per 22.35 7.30 8.35 0.40

acre per year)

Average Ratio to
1.00 0.29 0.36
Cropland Rate 0.05

Average Land class

Loading Rate (pounds 38.22 11.22 13.90 1.84
per acre per year)

Total Land class Load
(million pounds per 100.16 50.88 37.39 39.45
year)
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Phase 5 Average Targets
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Table 3.7. Estimztes of long-term average armns] fizld-level affects of comszervation practices on nifrogen sources and loss pathways

o cropped acres in the Chesapezke Bay region: the no-practice scenario, 2005-04 bazeline condition, and 2011 coaservation

condition.

Average annuaal vahses in pounds per acre

—FPercent Change —
Mo-practice No-practice to 2H03-06
Mlpdel simulated ontcome Seenarie 2e03-06 1011 200305 o 2011
All cropped acres
INFLroEen s0nrces
Atrapspheric deposition BE BE 29 d .1
Bip-fixation by legmmes ilo ilz 364 -1 4.4
Conmvmercial fertilizer 240 730 8.7 -212 §.7
Marmre 244 nn 248 1.4 18
All nitrogen sources 14601 135.6 1429 -3 143
NG . yisld 1 st harvest a0 7 20 P =107 o4
Nrtrogen loss pathways
Wolatilization 12.4 142 174 2 32
Denitrification processss 12 30 43 1.z 19
Windbome zedimens Q.11 0.09 005 0.0z 004
Barface umo i, inchoding waterbomes sediment 79 157 LT -1212 4.0
Burface water (soboble) 40 24 11 A3 1.3
Waterbomme zediment 230 133 7.4 47 57
Znbsurface fow pathmerys in4 150 114 4= 3.0
Total mitrozen bozs for all 10s: pedmways T84 ZEE 549 -18.6 3.9
Change in 30il nitrogen -23.3 -17.2 -108 .1 i4
Hishly erodible land (HEL)
Mirogen applied a= comemercial fertilizer and marure 128.8 1052 103.7 =234 -1.5
Total nitregen ks for surface and subsurface loss
pathmyeys RS 343 361 -282 -18.2
Mon-highly erodible band (WNHEL)
Hirogen applied as comumercial ferilimer amd warmre 1149 220 1051 =250 15.2
Total nitrogen boss for suoface and subsurface loss
pathmyays 473 353 303 -11.8 5.1
Acres with manure applied
Mitrogen applied as comemertial fertilizer and mzsmre 1461.7 1333 15308 -28.4 2.5
Total pitrogen boss for nuofacs and subsurface loss
pathmay= T8 B0 403 -89 -18.4
Acres withowt memure spplied
Mitrogen applied as comenercial fertilemer a0 T1E BOE -222 B.0
Total pitrogen boss for nuofacs and subsurface loss
pathwzy= 464 3.7 135 -14.7 -§.2

*+ O abores kalf of tha cropred acres, more nitregee wolztlizrtion and danfrlcaion DoEirs Wk prachoes San witkout practises, meesems o only 2 small change =
eimogan volatilization and dendtrification om aerags for the region Sus o consenation practices. [n praventing mitrogee bess o othar loss pethvays, consenation

mmdﬁnm;n cempoeds on the S:ld longar, ahars they are sxposed to vizd aed weatber coeditons that peomots wolathztion and

o

Hotec Parcest redustions wars calmulxted price to rounding the 1alies for reporting in tho tabls 2a=d the aszociated tost Dibde] sivealation resots for the basaling

comsariation condition are presanted in Arperdix E for the £ sobesgions.



Split classes into individual land uses — Crop Nitrogen

Loading Setll s
Rate Ratio L
(Ib/ac/yr)

Double Cropped Land 165,396 0.79 30.87
Full Season Soybeans 282,456 0.71 27.74

Grain with Manure 389,811 1.4 54.7
Grain without Manure 451,318 1 39.07

Other Agronomic Crops 417,838 0.45 17.58

Cropland

Silage with Manure 392,156 1.62 63.3

Silage without Manure 69,204 1.16 45.33

Small Grains and Grains 291,677 0.84 32.82

Specialty Crop High 35,525 1.34 52.36

Specialty Crop Low 125,509 0.31 12.11



Total nitrogen
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Draft Phase 6 Values

TotalPhosphorus
Factor (%) or Load (million Factor (%6) or Load (million pounds
Amount (million pounds per year) Amount (million per year)
S pne L pounds per year) pounds per year)

s e
s 23
12 a1

Riparian Pasture Deposition Removed 5.8 2159 1.8 11.6

89.3% 219.7 88.2% 10.0

Global Edge of Small Stream Load NA 227.9 NA 12.8

Preliminary Information-Subject to Revision.

22
Mot for Citation or Distribution



Median Lag-Times (years)
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Chesapeake Floodplain Network
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Bay Watershed Population, Impervious Surfaces and
Stormwater Pollution Loads

Millions of Acres of

Impervious Surface Millions of People
1™ 25
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L B impervious Surface - o® L 20
o®
®o®e
0.8 - 7 Projections
- 15
0.6 ~
- 10
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0.2 - ~®
0 | Y Y | Y 1 L2 L] 4 L | L] T 0
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Data and Methods: www.chesapeakebay.net/status_population.aspx

Conversion of land for DEVELOPMENT since 1970 has grown at
double the rate of housing and triple the rate of population



