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/lﬁel Evolvement at USEPA
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Surface Water Scenario



Presenter
Presentation Notes
This presentation focuses on the Tier 2 development.

Tier 2 is proposed ; It has not yet been Implemented.


— Pond Scenario and Reservoir Scenario

No Outflow

Outflow
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Presenter
Presentation Notes
Erosion pesticide only from topmost compartment.  Runoff pesticide only from 2 cm.


Pesticide Water Calculator (version 1.52)
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“C. Pesticide Water Calculator (PWC), Version 1.52

File  Scenaric  Help

ChEI'"lCEl'| Applications I Crap//Land I Rurioff I Watershed | Batch Runs I More Options I Out: Pond | Out: Reservair | Out: Custom I Out:GW I Ad\fanced|

Chemical ID {optional)  Ghfosat

Parent
(") Koc @ Kd Sormption Coeff mL/g) 226.3

l

Daughter Granddaughter
30

Working Directory: C:'\Users\dyoung03'\Desktop \PWCH

10 Family Name:  junk

Water Column Metabolism Hafflife (day) 3.9 56
Water Reference Temperature (C) 25 25
Benthic Metabolism Hafflife (day) 74.5 420
Benthic Reference Temperature ('C) 25 22
Aqueous Photolysis Halfife (day) &9 134
Photolysis Ref Latitude () 59.7 40
Hydrolysis Hafflife (day) 0 45
Soil Hafflife (day) 15.3 7
Soil Reference Temperature{C) 20 same
Foliar Halfife (day) 2
Malecular Weight (g/mol) 1651 122
Vapor Pressure for)  Se-8 Ted
Solubity (mg/L) 10500 12
Hemry's Constant 78E-11  5.47E05
Air Diffusion Coefficient (cm®day) 0.0
Heat of Henry (J/mol) 0.0 Q10 258
Mgelar Formation:Decline Ratio
Water Column Metabolism 1
Benthic Metabolism 0
Photalysis 0
Hydrolysis 1
Soil 0
Foliar O
Ready...




PWC allow

Iows User-Specified Water Bodies

we. Pesticide Water Calculator (PWC), Version 1.5001

File  Scenaric  Help

[E=3Rol =5

| Chemical Iﬁpplications I Crop/Land I Run"fl Watershed |‘E|tch Runs I Mare Options I Out: Pond | Out: Reservair | Out: Custom I Out:GW I Advancedl

Simulation Type WWat and Water Body Dimensions
EPA Pond EPAFond EPA Regfioir  User Defined
EPA Reservoir Field Area (m% 100000 561
[] Use FAow Averaging (days) Water Body Area (m3 10000 {ZGDD 41269
———— [ Ground Water Intial Depth {m) 2 74 13
Mzx Depth {m) 2 2.74 55
Hydraulic: Length {m) 356.8 533
Y’ UserDefined Surface Water Body Cropped Area Fraction 1 10

{Choose gne or none):

Basze Flow {mi/s)
Varying Volume & Flowthrough

[ Constant Volume No Flowthrough

[ Constant Volume with Flowthrough
Flow Averaging (days) 1

DFAC
Water Column55 {mg/L)

Water Body (PRZM O

Sediment Accounting Chlorophyll img/L)
_ Water Column foc
@ Mo Bural
- Burial Water Column DOC {mg/L)
| Burial
Water Column Biomass {mg/L)
PREEN (0.5

Water Body Physical Parameters
USEPA/OPP defaults
Water Column Parameters

0.0

Benthic Depth (m) |0
Benthic Porosity |0
Bulk Density (g/cm? | 1.
Benthic foc |0

Benthic DOC {mg/L) |5
Berthic Biomass {g/m2) |0

Mass Xfer Coeff. {m/s) | 1E-02

Ready...
Working Directory: C:\Users“dyoung03'Desktop PWC"

10 Family Name: junk
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= PWC with Usér Specified Water Body:

Segment of a Flowing Waterbody

PRZMS Agricultural Field

Field Runoff
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VVWM Relevant Segment



~~PWC Surface Water O
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wi Pesticide Water Calculator (PWC), Version 1.52

File  Scenaric  Help

=] & |

Chemical I Applications ICroprand I Runcff I Watershed I Batch Runs I More Options I Out: Pond | Out: Reservoir O'-ﬁCUStDITI| Out:GW I Ad\ranced|

Abszolute Peak = 37

Peak 7.58 1day Avg 7.25
365day Avg 0.331 4day Avg 6.35
Ertire Mean 0.136 21-day Avg 3.80

60-day Avg 1.84

Pore Water Total/Dry Sed
Peak 1.45 14.0358
21-day Avg 165 15.543

Water Column 1-in-10 year Conc. (ppb)

Benthic 1-4n-10 Yr Conc. (ppb)

Hfective Water

Column Halflives (day) Halflives (day) Tﬁddive
Washout 0.0 Bural 0.0 et (03613

Metabolism 17.2 Metabolism 129.7 Erosion DD‘] 57
e Hydrolysis 0.0 Dt 0.0000
Photolysis 64339 Total 1297 :

Volatiization 16087640 Fmdiorll ofwﬁ;t:pliad that
GOES (4] er Bﬂd’
Total 172 Sediment Pore Water 0.00012
Fraction
D.0353

@ Parent Degradate 1 Degradate 2
Glyfesat, Holttjern, Parent ¥ Weer Solumn
40
O
= 30
o
=
c
=
s 20
=
[+
]
= |
o 10
| ]
. . i | L
] 52 M = . o =] el I - 0 mm
0 5 15 20 25 30
Year

Hfective Benthic

Make Word
Document

Run completed at 3/2/2016 10:15:14 FM
Working Directory: C:'\Users‘dyoung03\Desktop PWCH

10 Family Name: junk










" PWC Groundwater
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we. Pesticide Water Calculator (PWC), Version 1.52

File  Scenaric  Help

(=] & =]

Chemical IAppIications I Crop/Land I Runoff I Watershed I Batch Runs I Mare Options IOut:

Pond | Out: Reservair | Out: Custom | Out:GW |Advanced|

Ground Water Concentration
35 — T
- - [ 4 e

30 =
= 25
£
& I
§ 2
E 2
£ 15 .
g __' Copy Graph
O [l

10 i

B
5 _
_ I
0 o
62 64 66 63 70 72 74 76 78 a0 a2 a4 a6 a3 90
Year
Peak {ppb) Breakthrough Time (days) Throughputs  Post Breakthrough Average (ppb)  Simulation Average (ppb)
Parert 3441 3794 989 2.887228 32 60763 2407825

Fun completed at 3/2/2016 10:36:04 FM
Working Directory: C:\Users'dyoung03\Desktop \PWCH

IO Family Name: junk




w Feature in PRZM

re

Nonequilibrium and Sub-daily time

Isotherm

we Pesticide Water Calculator (PWC), Version 1.52

File  Scemaric  Help

=] & ==

| Chemical | Applications | Crop/Land | Runcff | Watershed | Bateh Runs | More Options | Dut: Pond | Out:

Reservoir I Out: Custom I Om:[‘W| Advanced

Diagnostics
[ Show PRZM Command Window

7] Show VWM Command Window

[] Test Dummy

7] Mo Sorbed Degradation (GW onfy)
[7] Freundiich Isctherm {PRZM only)
7] Use Nonequilibrium

Adjust curve number for soil moisture

Freundich Exponent (equilibrium region):

Mass Transfer Coefficient k. (1./d)
Freundlich Coefficient {nonequilibrium region)
reundlich Exponent {nonequilibrium region)

[C] Read and Analyze PRZM Calibration Data

Freundlich minimum conc.  1.0e-12

Parent Daughter Granddaughter
1.0 1.0 1.0

1 1

1 1

[ Calibrate Curve Mumber  Herstions:

] Do a Multi Run Calibration with Emor Map

Get Mult-Run
Calibration File

@ Relative 55Q Residuals
() Absolute S50 Residuals

@ Runoff
() Erosion

Ready...
Working Directory: VWorking Directory: Mot vet specified. Use save or retrieve.

IO Family Mame:  Filz name not yet determined. Use Save or retieve.
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~PFAM conceptualization
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Pesticide in Flooded Applications (PFAM) Version 1.99906

SATE ~acenario

Help

Chemical Vapplications | Foods | Crop | Physical | Watershed | Paddy Output | Waterbody Output |

(=N o =8

Parent ["] Daughter

Koc (mlfg) 1628

Water Column Half Life {d) =g
Reference Temperature (°C) 20
Benthic Compartment Half Life {d) 1e8
Reference Temperature (°C) 20
Urflooded Soil Half Life
Reference Temperature {*C) 25
MNear-Suface Photolysis Half Life (d)
Reference Latitude(”) 40
Hydrolysis Half Life (d)
Malecular Wt.
Vapor Pressure o)
Solubility {g/ml)
Heat of Henry (J/mol}
Henry Reference Temperature (°C) 20

Granddaughter

Run Working Directory:  C:\Users'dyoung03'Desktop'Katrina®,

10 Family Name: ztest

Pesticide in Flooded Applications (PFAM) Version 1.99906
Pl

(F=N|EoR =

File  Scenaric Hélp
| Chemical | Applicatior§ | Floods | Clbp | Physical | Watershed | Paddy Output | Waterbody Output |
Reference Date Epflevel Weir Min. Lewvel Tum Owver
Doy Morth s ) Das ) Das  (m)  Days (d)
1 1 10 08 0 1 1] 0 0 0
i 91 1] 101 0 5 0
@ Sharp Transition
() Gradual Transition
0.12 ri.2
F{il
0.1+ Infeir F1
Mynimum
— 0.084 Trn Over 0.8
E —— Application
T 0064 0.6
a
~ 0044 L04
0.02 F0.2
0 0
0 73 146 219 282 365
Days After Reference Date
Minimum Date Maimum Date

(BU/EY) perddy

Show More Events

2

Run

Working Directory:  C\Users'dyoung(3'DesktopKatrina',

10 Famity Name: ztest
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Calculate downstream waterbody concentrations.

170000 frea of Sumounding Watershed (m3)

72 Curve Number of Sumounding Watershed
112 Base Flow through Receiving Body (m*/sec)

Waterbody Dimensions

154 Width of Waterbody (m)
Depth of Waterbody {m}
Length of Waterbody (m)

.
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~ Distributed applications & releases



Identifying and eliminating unnecessary model
complexities.

Nonuniform Runoff Extraction
Nonlinear and Nonequilibrium Sorption
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xtraction

1. Another look at Non-Uniform

Non-Uniform Runoft Extraction first appeared in PRZM 3

We are reanalyzing original data to see if this is really
important
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Field Studies Used

Smith et al. (1978) : Study used in the original PRZM
calibration. 4 Fields. 5 Chemicals

Singh and Jones (2002): Analysis performed by registrants in
an effort to “validate” PRZM. 7 Fields, 6 Chemicals



Calibration of Hydrology and Erosion

Focus on extraction process. Runoff flow and
sediment mass were set exactly to the observed values
for every event.

Accomplished by adjusting curve number and USLE
factor for each event.

PWC has a built in calibration tool to facilitate this!



m ization of Extraction Parameters

Function Min: Total pesticide mass off field for entire study
No high Koc (for now)

18 field/chemical combinations

3 Parameter : Efficiency, Decline, Depth



........

reliminary Results: Single Mixing Cell is
Actually the Optimum Configuration



\

The Optimum Profile




~ Implication

Use a single mixing cell on surface.
1 compartment instead of 20 - 100 currently used.

Reduced computation time proportional to number of
compartments.

Supports SAM/Super PRZM efforts



Isotherms and Nonequilibrium

Nonlinear Isotherms and Nonequilibrium were included
in PRZMS5 due to pressure from registrant’s repeated
submissions of FOCUS model results

Lets take another look to see if this is really important.



"~ FOCUS & NAFTA Degradation
Conceptualization

FOCUS & NAFTA: Degradation
Occurs in Aqueous &
Equilibrium Sorbed Phase (S1)
’/ FOCUS: Degradation
| Does Not Occur in
— ‘ Nonequilibrium Region
(S2)

®
®
® NAFTA: No such region

31



Presenter
Presentation Notes
EPA models and analyzes as total system degradation.  Highly retarded chemicals will also degrade more according to EPA approach.  But adding in nonlinearity pushes this simplification to the point where it may not be palatable.   Seems to be taking advantage of a concept not meant to be mechanistic.


_titerature Heavi

Agueous-Phase Only Degradation

Ainsworth et al. (1993); Basagaoglu et al. (2002);
Bengtsson & Carlsson (2001);

Bertelkamp et al. (2014); Bosma et al (1997);

Brusseau et al., (1999); Chen et al. (2011);

Fry and Istok (1994); Gou et al. (2000);

Heitkamp et al. (1984); Haws et al. (2006);

Hu and Brusseau, (1998); Huixian et al (1992);

Johnsen et al., (2005); Kim et al. (2003);

Karapanagioti et al. (2001); Manilal & Alexander (1991);
Mihelcic and Luthy (1991);

Ogram et al. (1985); Pignatello et al. (1990);

Ramaswami and Luthy (1997); Rao et al. (1993);
Rijnaarts et al. (1990); Sabbah et al. (2004);

Scow (1993); Scow & Alexander (1992);

Smith et al. (1992); Steen et al. (1980)

Volkering et al. (1992); Scow et al. (1995);

Weber and Colbe (1968); Stevens, et al. (1990);
Weissenfels et al. (1992); Wodzinski and Bertolini (1972);
Wszolek and Alexander (1979);
Zhang et al. (1998); Zhao et al. (2000)

Feng et al. (2000); Woo et al. (2001);
Poeton et al. (1999); Tang et al. (1998);
Guerin & Boyd (1992, 1997)
Remberger et al. (1986)

32



EPA does not distinguish between
sorbed and aqueous phase degradation

Submitted studies are typically inadequate to make such a
determination

e Sorption properties are not measured for soil used in
degradation study

EPA models total system degradation to correspond to
available laboratory

33



Residence Time and Degradation

FLOW IN

> " Two Concepts:
« Aqueous-Phase Residence

" ..°., Aqueous /S1 Residence Time

FLOW OUT

34
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Current Standard
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Nonlinear
Isotherm

/

,/

Nonlinear &
Nonequilibrium

'

76! 13%
Z
. 4

Simple
conceptualization.
Implied sorbed-

phase degradation.

Aq/S1 Residence

time is constant with

conc

Aqueous-phase
residence is the
same

Low concentration
would result in
higher retardation.

Aq/S1 residence
time increases

Aqueous-phase
residence is the
same

Nonequilibrium
sites further lower
the concentration.

Aq/S1 residence
time increases
even more

Aqueous-phase
residence is the
same



Impact of Nonequilibrium & Nonlinearity
Aqueous-Phase Only Degradation:

Nonlinearity: No Effect
Nonequilibrium: No Effect
Nonequilibrium & Nonlinearity: No Effect
Sorption: No Effect

Aqueous- & Sorbed-Phase Degradation:

Nonequilibrium: No Effect

Sorption: More Degradation
Nonlinearity: More Degradation
Nonequilibrium & Nonlinearity: Even More Degradation

36



/ —— S

Consider:

Get studies that can extract aqueous degradation
e i.e, sorption study on same soil as degradation study

Don't use nonlinearity unless aqueous phase
degradation is known

Don't use nonequilibrium

Rethink the impact of K; on groundwater scenarios

37



Thank you

Follow up questions are welcome:
young.dirk@epa.gov
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