(Water Ouality Models)

Operations

Research (Numerical Methods
Models (Descriptive
Models) Physical Models Mathematical
Models Physical System

System Parameters

(Input and Output Variables)

(Clean Water Ac)1972
EPA



ppm  parts per

million or mg/I



Mass balance

TMDL=WLAs+ LAs+ MOS

WLAS Waste Loads Allocation
LAS Loads Allocation
MQOS Margin of Safety

TMDL TMDL LC(Loading Capacity)



(

(

)

=

a M w0 DN

)

20%

30%



(

© N o o &

)

AHP ELECTRE

AHP
AHP

ELECTRE METHOD

AHP

AHP
ELECTRE Method



QA/QC
QA/QC

Q75




EPA

USEPA, 1987, 1990

USEPA, 1976, 1989, 1991
Load Allocation, LA

U.S.

EPA

Federal Water Pollution Control



Act
EPA EPA
NPDES

30 EPA The Regional
EPA Permit Section

EPA
NPDES

NPDES

FEDERAL Water Pollution Control Art, section 303(d)

waterquality based control total mass daily load(TMDL)



1.(a) 301(b)(1)(A)  301(b)(1)(B)

(b)
() (@)
TMDL
saf ety
d (
2. 304(a)(2)(D)
(D (Administrator)
30
3. MA)  (D(B)
TMDL
4,
(@

WLA wasteload allocation
(i)

margin of
180
304(a) (2)
TMDL
(i) TMDL



(b)
antidegration policy

305(h)

303(d)

10






12



13



(

)

1925 Streeter Phelps Ohio River
BOD-DO Streeter-Phelps Streeter and
Phelps, 1925 1938 Vdz

Surface-Renewa Model Velz, 1938
1941 Fair Fair, 1941
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(

1958 O’ Connor Dobbins
O’ Connor and Dobbins, 1958 1963 O’ Connor
Streeter-Phelps O’ Connor, 1963

1960 Thomann(1964)
Dobbins(1964) O’ Connor (1967) Di Toro(1968)

)
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(1)

physical based
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(2)
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(BMP)
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RIVMOO, DYNHYDS5, EFDC
CH3D-WES
WASP5 CE-QUAL-ICM

QUAL-RIVI CE-QUAL-W2

Steady-State models
Dynamic water-Quality models
QUALZE WASPS HSPF
USE PA

(4)

modules
BASINS USEPA QUALIE
HSPF WARMF
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Figure2 Overview of Models

W ater shed-scale loading Models

(Section 2.3)
| I |

Simple Methods Mid-Range Models Detailed Models

EPA Screening SITEMAP STORM

Simple Method GWLF ANSWERS

Regression Method Urban Catchment Model DR3M-QUAL

SLOSS-PHOSPH Automated Q-ILLUDAS  SWRRBWQ

Watershed AGNPS SWMM

Federal Highway SLAMM HSPF

Aministration Model
Watershed Management Model

Field-Scale L oading M odels Integrated M odeling Systems
(Section 2.4) (Section 2.6)
CREAM/GLEAMS PC-VIRGIS
Opus WSTT
WEPP LWMM
GISPLM
BASINS

Receiving Water Moddls

(Section 2.5)
|
| | | |
Hydrodynamic Steady-State Dynamic Mixing Zone
Modds Models Water-Quality Models
Models

RIVMOD-H EPA Screening DYNTOX CORMIX
DYNHYD 5 Procedures WASPS PLUME
EFDC EUTROMOD CE-QUAL-RIV1
CH3D-WES PHOSMOD CE-QUAL-W2

BATHTUB CE-QUAL-ICM

QUALZ2E HSPF

EXAMSII

TOXMOD

SMPTOX3

Tidal Prism Model

DECAL
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Table3. Evaluation of Model Capabilities-Simple Models

. EPA Simple Regression | SLOSS-
Criteria Screening® | Method | Method | PHOSPH 2 | Watershed | FHWA 1 WMM

Urban ? ? ? - ? ?3 ?

bmd Rural ? i 7 ? 7 ? ?
5 Point Sources - - - - ? - 2

: Annual ? ? ? ? ? ? ?
&ge Single Event ? ? ? - - ? -

e :

Continuous - - - - - - -

Runoff -4 ? - - - ? ?

Hydrology Baseflow - - - - - - 5
Sediment ? ? ? ? ? - -

Eg!gitﬁ‘gt Nutrients ? ? ? ? ? ? ?
Others ? ? ? - ? ? ?

Pollutant |Transport - - - - - - _
Routing |Transformation - - - - - - 2
Statistics - - - - ? 2 2

?)/Il?t%it Graphics - - - - ? - 2
Format Options - - - - ? - 2
Requirements ? ? ? ? ? ? ?

I nput Calibration - - - ? ? - 2
Data Default Data ? ? ? ? ? ? ?
User Interface - - - - ? ? 2
Evaluation ? ? - ? ? ? ?

BMPs Design Criteria - - - - - - -
Documentation ? ? ? ? 2 2 2

1 Not acomputer program
2 Coupled with GIS
3 Highway drainage basins

4 Extended versions recommend
use of SCS-curve number
method for runoff estimation
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? High? Medium ? Low -Not incorporated




Table4. Evauation of Model Capabilities—Mid-Range Models

Criteria SITEMAP GWLF P8-UCM Auto-Ql AGNPS S_LAMM
Land Uses Urban ? ? ? ? - ?
Rurd ? ? - - ? -
Point Sources ? ? ? ? ?
TimeScde  |Annud - - - - - -
Single Event ? - ? - ? -
Continuous ? ? ? ? - ?
Hydrology Runoff ? ? ? ? ? ?
Baseflow ? ? ? ? - ?
Pollutant Sediment - ? ? ? ? ?
Loading Nutrients ? ? ? ? ? ?
Others - - ? ? - ?
Pollutant Transport ? ? ? ? ? ?
Routing Transformation - - - - - -
Model Output |Statistics ? ? - - - ?
Graphics ? ? ? - ? ?
Format Options ? ? ? ? ? ?
Input Data Requirements ? ? ? ? ? ?
Cadlibration ? ? ? ? ? ?
Default Data ? ? ? ? ? ?
User Interface ? ? ? ? ? ?
BMPs Evaluation ? ? ? ? ? ?
Design Criteria - - ? ? ? ?
Documentation ? ? ? ? ? ?

? High

? Medium ? Low - Not Incorporated




Table5. Evaluation of Model Capabilities—Detailed Models

Criteria

DR3M-

SWRRBWQ/

STORM ANSWERS QUAL SNAT SWMM HSPF
Land Uses Urban ? - ? ? ? ?
Rural - ? - ? ? ?
Point Sources ? - ? ? ? ?
TimeScde  |Annud - - - - - -
Single Event ? ? ? ? ? ?
Continuous ? - ? ? ? ?
Hydrology Runoff ? ? ? ? ? ?
Baseflow ? - ? ? ? ?
Pollutant Sediment ? ? ? ? ? ?
Loading Nutrients ? ? ? ? ? ?
Others ? - - ? ? ?
Pollutant Transport - ? ? ? ? ?
Routing Transformation - - - - ? ?
Modd Output |Statistics ? - ? ? ? ?
Graphics - - ? ? ? ?
Format Options ? ? ? ? ? ?
Input Data Regquirements ? ? ? ? ? ?
Calibration ? ? ? ? ? ?
Default Data ? ? ? ? ? ?
User Interface ? - ? ? ? -
BMPs Evaluation ? ? ? ? ? ?
Design Criteria ? ? ? - ? ?
Documentation ? ? ? ? ? ?

? High

? Medium ? Low - Not Incorporated
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Table6. Evaluation of Capabilities—Hydrodynamic models

Externally Coupled Models

Internally Coupled Models

RIVMOD

DYNHYD & FEDC

CH3D-WES

CE-QUAL-
RIV 1

CE-QUAL-
W2

HSPF

Waterbody Type

Rivers/Streams

Lakes/Reservoirs

Dimension

1-D

2-D

3D

-\) -\) .\) .\) .\) .\)

Input Data Requirements

Requirements

Cdlibration

Grid generation/Interface

Output Data

Format options

Graphics

Hydrologic Structure
Simulation

Expertise Required for
Application

Documentation

f)

? ?

? High ? Medium ? Low - Not Incorporated
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Table7. Evaluation of Capabilities—Steady-state water quality models.

BA
SCREENING

EUTROMOD

PHOSMOD

BATHTUB

QUALZE

EXAMSI

TOXMOD

SVIPTOX4

TRV

DECAL

Waterbody Type

Rivers/Streams

L akesResarvoirs

Estuaries

Coastal

Physical Processes

Advection

Dispersion

Particle Fate

Eutrophication

Chemicd Fate

Sediment-Water
Interactions

SIEIE AN

External Loading-
Dynamic

Internaly Calculated
NPSLoading

User Interface

Documentation

? High

? Medium ? Low - Not Incorporated

26




(

)

27



(

(

(

)

)

)

SWMM HSPF

28



HSPF
SWMM, STORM DR3M-QUAL
ANSWERS SWRRB
SITEMAP GWLF

GWLF
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Table6. A Descriptive List of Model Components — Simple Methods

Main Land Erosion/| Pollutant Time
Model Use Hydrology Sedimentl  Load Pollutants Sedle
BPA Mixed N/A USLE- |Loading Widerange! |Meanannud
Screening  |watershed MUSLE |functions,
Procedures potency
factors
TheSmple |Urban Runoff N/A Mean NURPdaa |Vaidle
Method coefficient concentration |TSSP, (anud,
metds, monthly,
0&G even)
Regresson |Urban N/A N/A Regresson  |TSSN,P, [Sormevent
Method equations  |COD, metds
SLOSSPH |Rurd N/A USLE  |Loading P Annud
OoSsP functions
Waeded |Mixed N/A USLE Unitarea Widerange |Annud
watershed loaing
PHWA Highways |Runoff N/A Median TSSN,P, |Sormevent
coefficient, concentration |organics,
obsarved metds
deta
WMM Mixed Runoff N/A Eventmean |N,P,lead, |Annud
watershed  |coefficient concentration |zinc

1 Depends on available pollutant parameters and default data.

N=nitrogen 0O&G=o0il and gas P=phosphorus TSS=total suspended solids

COD=chemica oxygen demand




Table7. A Descriptive List of Model Components — Mid-Range Methods

Man Erosion/| Pollutant Time
Model Land Use Hydrology Sedimentl  Load Pollutants Scale
STEMAP [Mixed LScurve  [N/A Runoft N, P Jormeven,
waeshed  |number concentretion Continuous
GWLF Mixed LScurve [Modified [Unitloading [N,P Jormeven,
waeshed  |number USLE raes Continuous
PSG-UCM  [Urban XScurve [N/A Nonliner . [TSSN,P, [Sormevent,
number accumulation |metds Continuous
%_modlfled)
Anto-QI Urban Water N/A Accumulation[WideRange |Storm event,
bdance and wash-off Continuous
AGNPS  [Agriculture |[SCScurve  [Modified |Potency N, P Storm event
number USLE  |factors
S AMM  [Urban Smdl dorm- [N/A Nonliner  [N,P,COD [Sormeven,
watershed |based accumulation |bacteria,  |Continuous
coefficient andwadh-off |metds

1 Depends on available pollutant parameters and default data.
N=nitrogen = O&G=o0il and gas P=phosphorus  TSS=total suspended solids
COD=chemica oxygen demand

Table8. A Descriptive List of Model Components — Detailed Methods

Model Main Hvdrolo Erosion/ | Pollutant |Pollutant| Time
Land Use| VY Y | Sediment L oad S Scde
STORM  {Urban Runoff USLE Bulldup/wash+ |PN, COD. | Continuous
coefficient- off functions  |metds
SCScurve
numbers- Unit
hydrograph
ANSWERS |Agriculture [Digributed | Detachment|Potency factor |N/A Storm event
doragemoded |trangport | (correletion
equaions  |with sediment)
DR3M- Urban Surfacestorage |Relaedto  [Bulldup/wash-[TSS N, P, |Continuous
QUAL baance runoff off functions  |organics,
kinematic wave|volumeand metds
method peak
SWRRBWQ Agriculture |SCScurve Modified |[Loading N,P, COD. |Continuous
ISNAT number USLE functions metals,
bacteria
SWMM  {Urban Nonlinear Modified |Bulldup/wash Wlderawge Storm
reservoir USLE off functions evert,
continuous
HSPF Mixed Weter belance | Detachment| Buildup/wash Widerange Storm
watershed |of land surface |washroff  |off functions evert,
and ol equations  |and sub- continuous
processes surface
concentrations

1 Depends on available pollutant parameters and default data.
N=nitrogen  O&G=o0il and gas P=phosphorus  TSS=totd suspended solids
COD=chemicd oxygen demand
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Table9. Input and Output Data - Simple Methods
Models Main Input Data Output Information
EPA Watershed and land use data Mean annua sediment and pollutant
Screening  |Loading factors (default values) loads
Procedures
The Smple|Annual rainfal data Runoff volume and pollutant
Method Land use and imperviousnessdata  |concentration/load, storm or annual
Pollutant mean concentration
BMP remova efficiencies
Regression [Mean annual raintall Mean annual storm event load and
Mean minimum January temperature |confidenceinterval
Drainage areasand land use
Percent imperviousness
SLOSY  |Rainfal erosvity factor Mean annual |oads of sediment and
PHOSPH |Sail, crop, topography, and land use  |phosphorus
data
Watershed |Rainfall erosivity factor Mean annud pollutant loads, BMP
Land use and soil parameters cost-effectiveness
Unit loading rates
BMP cost information
FHWA Siteand receiving water data Statistics on storm runoff and
Flow and storm event concentrations {concentrations; impactson receiving
water
WMM Land use and soil data Annua urban and rura pollutant

Annual precipitation and evaporation
I nputs from baseflow and
precipitation

Event mean concentrationsin runoff
Reservoir, lake, or stream hydraulic
characterigtics

Removal efficiencies of proposed
BMPs

loads from point and nonpoint
sources, including septic tanks; load
reductions from combined effects of
multiple BMPs; in-lake nutrient
concentrations as related totrophic
state; concentrations of metals
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Table 10.

Input and Output Data- Mid-

Range Modds

Models

Main Input Data

Output Information

S TEMAP

Meteorologic and hydrologic data,
hourly or daily (maximum one year)

Watershed and channel parameters

Point sources and pollutant
parameters(e.g., decay)

Runoff and nutrient loadings
Pollution load allocations

GWLF Meteorologic and hydrologicdata,  |Monthly and annual time series of
daily runoff, sediment, and nutrients
Land use and soil data parameters
Nutrient loading rates
P8-UCM  |Meteorologic and hydrologicdata,  |Daily runoff and pollutant loads
hourly storm or sorm sequence  |BMP removal efficiencies
Land use and soil parameters
BMP information
Auto-Ql  [Hourly/daily rainfall Continuous or storm event simulation
Watershed and land use data of runoff and selected pollutants
BMP removal rates
AGNPS  |Watershed, land use, management,  |Storm runoff volume and peak flow
and soil data Sediment, nutrient, and COD
Rainfall data, topography concentrations
BMP remova data
SLAMM  [Hourly rainfall data Pollutant load by source area

Pollution source characteristics, areas,
soil type, imperviousness, and
traffic Structure

characteristics

BMP evaluation and cost estimates




Table1l. Input and Output Data- Detailed Models
Models Main Input Data Output Information
STORM  |Hourly rainfal data Event-based runoff and pollutant

Buildup and wash-off parameters
Runoff coefficient and soil type

loads

Storage and treatment utilization and
number of overflows

Hourly hydrographsand

pollutographs

ANSWERS

Hourly rainfall data
Watershed, land use, and soil data

Predicts storm runoff (volume and
peak flow)

BMP design data Sediment detachment and transport
Analysisof relative effectiveness of
agricultural BMPs
DR3M- Meteorologic and hydrologicdata  [Continuous series of runoff and
QUAL Watershed characteristicsrelated to|  pollutant yield at any location in
runoff the drainage system
Channel dimensionsandkinematic ~ |[Summariesfor storm events
wave parameters Hydrographs and pollutographs
Characteristics of storage basins
Buildup and wash-off coefficients
SWRRBW |Meteorologic and hydrologicdata  |Continuous water and sediment yield
QSWAT Watershed and receiving waterbody [Peak discharge
parameters Water quality concentrations and
Land use and soil data loads
Pond and reservoir data
SWMM Meteorologic and hydrologicdata  |Continuous and event-based runoff
Land usedistribution and and pollutant loads
characteristics Transport through streams and
Accumulation and wash-of f reservoirs
parameters Anaysisof control strategies
Decay coefficients




Table12. Input Data Needs for Watershed Models

1. System Parameters
Watershed size
Subdivision of the watershed into homogenous subareas
Imperviousness of each subarea
Slopes
Fraction of impervious areas directly connected to a channel
Maximum surface storage (depression plus interception storage)
Soil characteristics including texture, permeability, erodibility, and
composition
Crop and vegetative cover
Curb density or street gutter length

Sewer system or natural drainage characteristics

2. State Variables
Ambient temperature
Reaction rate coefficients
Adsorption/desorption coefficients
Growth stage of crops
Daily accumulation rates of litter
Traffic density and speed
Potency factors for pollutants (polutant strength on sediment)

Solar radiation (for some models)

3. Input Variables
Precipitation
Atmospheric fallout
Evaporation rates

Source: After Novotny and Chester, 1981.




Table13. Range of Application of Watershed Models-Simple Methods.

Simple
Methods

Watershed Andysis

Control Andysis

Screening

Intermediate)

Detailed

Paning | Desgn

Receiving
Water
Quality

EPA Screening

?

?

The Simple
Method

?

Regression

SLOSY
PHOSPH

Watershed

?

?

FWHA

?

?

WMM

I)

?

?

? High ? Medium ? Low - Not Available

Table14. Range of Application of Watersned Models-Simple Methods.

: Watershed Anaysis Control Analyss | Receivin
Mid-Range Y Y Water Y
Methods | Screening |Intermediatel Detaled | Planing | Dedgn _
Quality

SITEMAP ? ? ? ? ?
GWLF 2 2 2
Pe-UCM ? ? ? ? ?
Auto-Ql ? ? ? ? ? ?
AGNPS ? ? ? ? ? ?
SLAMM " 2 2 2 2 ?

? High ? Medium ? Low - Not Incorporated
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Table15. Range of Application of Watershed Models-Detailed Methods

Detailed
Methods

Watershed Andysis

Control Andysis

Receiving

Screening

Intermediate)

Detailed

Planning

Desgn

Water
Quality

STORM

?

?

?

?

?

?

ANSWERS

?

?

?

?

?

?

DR3M-QVAL

?

?

?

?

?

?

SWRRBQ/
SWAT

?

?

?

?

SWMM

?

?

?

?

HSPF

I)

?

I)

?

? High ? Medium ?

()

()

2 23 24

16 17

37

Low - Not Incorporated
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Table16. A Descriptive List of Model Components-Hydrodynamic Models

Horizontal | Vertical : .
. : . _ Vertica Solution
Model Dimension | Coordinate | Coordinate Mixing | Technique
System System
Externdly Couple
RIVMOD-H (1-D N/A N/A N/A Implicit
dynhyds 1-d LinkNode  |N/A N/A Explicit
Runge-Kutta
EFDC 1-D,2-D (xly, |Catesan, Sarcase Turbulence  |Implicit
x/2),3-D othogond  |Cartesan, closure
boundary dgma
fitted, laterdly |trandformation
averaged tolocd
bathymetry
CH3D-WES |1-D, 2-D (xly, |Cartesan, Sarcase Turbulence  |Implicit
X/2),3-D othogond  |Catedan cosure
boundary
fitted, lateraly
averaged
Internally Coupled
CE-QUAL- |1.D N/A N/A N/A Implicit
RIV1 (RIV1H)
CE-QUAL- |1-D,2-D (x/2) |Catesan, Sarcase Windshear  |Implicit
W2 laterdly Catesan
averaged
HSPF 1-D N/A N/A N/A Implicit
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Table17. A Descriptive List of Model Components-Steady-State Water
Quality Models

Waterbody : Processess Smulated
Modd Type Parameters Simuided Pysicd [ Chemica/Biologicd
EPA River,lake’  [Weterbody nitrogen, Dilution, Hrd-order decay
Screening  |resavair, phosphorus, chlorophyll.or  [advention, empiricd
Methods estuag/, chemicd concentrations disperson relationships between
coast nutrient loading and
eutrophication indices
EUTROMOD |Lakerexavoir Dilution Empinca
relationships between
nutrient loading and
eutrophicaion indices
PHOSMOD  |Lakeresarvair | DO, phosphorus Dilution Empinca
relationships between
nutrient loading and
eutrophication Indices
BATHTUB |Lakeresavair|DO, nltroqen, phogphorus,  [Dilution Empirica
chlorophyll relationships between
nutrient loading and
QUALZE [R (wdl- [DO, CBOD, t | Dilut %J[;ODI’](I:%I (Ij%rc]r!t?/d =
ivers, (wdl- [DO, , temperaure, ifution, ir-or ,
mixe§7 organic N, anmo%%, nitrite,  |advection, DO-BOD cyde,
shdlow lakes |nitrate organic P, dissolved  [disperson, heat  |nutrient-dgd cyde
or eduaries) Phosg?worous, phytoplankton, |baance
ecd coliform, arbitrary
nonconsavative subsiances,
three consarvaive subgtances
EXAMSI  [Rivers Conszvaiveand Dilution, Hrd-order decay,
nonconsavative substances aa_jveal_on, grgugoc&asht ki ngtéI ﬁs’ds
igperson erpr
exposure asessment
TOXMOD  [Lakeresavarr [Consarvaiveand Dilution, Hrd-order decay,
nonconsavativesubsances  |advection, sediment burid and
digperson release
SYMPTOX4 |River/reservol |Conservative and Dilution, Hrd-orcer decay,
r nonconsavative substances gjvectl_on, sediment exchange
iperson
TPV ESuaries DO, CBOD, NBOD, Dilution, Hrd-order decay,
temperature, anmonium, advection, DO-BOD cyde,
nitrate, nitrite, organic nitrogen |disperson, et |nutrient-al c}/ )
t eoganic  |badance paticde |caboncyde glica
phosphorus sahnlg(, inorganic |fate cyde, benthicagee
sugpended S0lids, dissolved sdiment digeness
|abile, and refractory
particulaie organic Carbon,
dissolved glica, paticulate
biogenic Slica, fecd coliform,
totd activemetd
DECAL Coadd Sediment, consarvaiveand  |Dilution, Hrd-order decay,
nonconsavativesubsances  |advection,
disperson,
paticlefae




Table18. A Descriptive List of Model Components-Dynamic Water
Quality Models
Waterbody ProcessssSmulated
Modd Type Parameters Smulated Pvaca Chemicd/Bidadica
DYNTOX |River Consavativeand Dilution, Hr<t-order decay
nonconsavaivesubgances  |advention
WASPS Eduary, nver, [DO, CBOD,NBOD, Dilution, Hrg-order decary,
gﬁl I m|i<§<d/) ammonium, nitrate, gltrlte aadvedlon, grwgocessm ki ngtljcs,
ow lake) |organic nitrogen, tot iSperson, er products,
phosphate, organic phogphorus| reseretion hydrolyss, oxidation,
Inorganic suspended solids volatilization,
fecd coliform, consarvative photolyss,
and nonconsavative equilibrium
Substances agsorption. Settling,
DO-CBOD, nutrient-
dod cyde
CE-QUAL- |Rivers DO, CBOD, temperature, Dilution, Hrg-order ,_
RIV1 ammonia, nitrate, dgee, advection, DO-CBOD, nutrient-
coliform, phosphate, orgenic  |digoerson, hest  |dlgd cyde
nitrogen bdance
CE-QUAL- |[Lakes DO, CBOD, NBOD, Dilution, Hrd-order decay,
W2 temperature, ammonium, advection, DO-CBOD, nutrient-
nitrate, nitrite, organic nitrogen |disperson, heat  |dlgd cyde, carbon
total phosphate, organic |balance cyde
e dsoved
ids, dissolved,
|abile, and refractory
particulaie organic carbon,
dissolved slica particulate
biogenic slica, fecd coliform,
totd activemetd
CE-QUAL- [Eduaries, DO, CBOD, NBOD, Dilution, Hrg-order decay,
ICM rivers lekes,  |temperature, ammonium, advection, DO-BOD, nutrient-
coadd nitrete, nitrite, organic nitrogen [digperson, heet  |agdl cyde, carbon
total phosphete, organic badance patide |cyde Slicacyde,
us, sdinity, inorganic |fate, sediment  |zoo-plankton,
lids, dissolved  |digeness sediment digenesis
|abile, elandre‘raiory oo
particulate organic carbon,
dissolved slica, particulate
biogenic Slica, fecd coliform,
totdl activemetd
HSPF River, (wdl-  |DO, BOD, nutrients, pegticide | Dilution, Frg-order decay,
mixed/shallow|sediment, organicchemicals, |advection, heat  |processkinetics,
|akes) and temperaiure balance, partide  |daughter products,
fate cohesvel  |hydrolyss oxidation,
noncohesve  |voldilizetion,
sedliment transport] photolyd's, benthic
demand, respiretion,
nutrient-algdl cydle
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Table 19.

Input and Output Data - Hydrodynamic Models

Model

Main Input Data

Output Information

Externally Coupl

ed

RIVMOD-H |River geometry and boundary [Water surface elevations,
conditions, inflows, velocities, and temperatures
withdrawal's, meteorologic data

DYNHYDS |Waterbody geometry and Water surface elevations,
boundary conditions, inflows, |velocities
withdrawals, meteorologic data

EFDC River geometry, bathymetry, |Water surface elevations,
geometric data, grid system,  |velocities magnitude , and
and boundary conditions, orientation, temperature,
inflows, withdrawals, salinity, and conservative tracer
meteorologic data

CH3D-WES |River geometry, bathymetry, |Water surface elevations,

geometric data, grid system,
and boundary conditions,
inflows, withdrawals,
meteorologic data

velocity magnitude and
orientation, temperature

Internally Coupled

CE-QUAL- River geometry and boundary |Water surface elevations,

RIV1 conditions, inflows, velocities, and temperatures
withdrawals, meteorologic data

CE-QUAL-W2|Waterbody geometry, Water surface elevations,
bathymetry, and boundary velocities, longitudinal and
conditions, inflows, vertical, and temperature
withdrawals, meteorologic data

HSPF River geometry and boundary |Water surface elevations,

conditions, inflows,
withdrawals, meteorologic data

velocities, and temperatures
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Table 20.

Input and Output Data - Steady-State Water Quality Model

Model Main Input Data Output Information

EPA Screening [Climate, waterbody morphometry, Waterbody nitrogen, phosphorus,

Methods externd loading chlorophylla, or chemicd concentrations

EUTROMOD |Climete, lakemorphometry, watershed | Lake DO, nitrogen, phosphorus, and
characterigics(land us) chlorophyllaconcentrations

PHOSMOD  |Climate, lakemorphometry, externd Lake DO, phogphorus, andchlorophylla
loading, benthic flux concentrations

BATHTUB  |Climate, lakemorphometry, externd Lake DO, nitrogen, phosphorus, and
loadings chlorophyllaconcentraions

QUALZ2E Climete, river geometry, sreamnetwork, (DO, CBOD, nitrogen, phosphorus,
flow, boundary conditions, 26 physcd,  |conservaive and nonconsarvaive
chemicd, and biologicd propertiesfor | congtituent concentrations
each reech, inflows/ withdrawas

EXAMSI Stream geometry, flow, chemicd loadings, | Chemicd exposure, faieand persstence
total pollutant and suspended solids
concentrations, physical/ chemical
codffidents

TOXMOD Lakemorphometry, initid conditions, Consarvaive and nonconsarvative
externd loadings, benthic flux substance concentrations

SYMPTOX4  |Stream geometry, flow, tota pallutant and | Consarvative and nonconsarvative
suspended solids concentrations, physica/ |substance concentrationsintota,
chemicd coefficientsand rates dissolved and particulateforms, inthe

water column and bed sediments.
Suspended solids concentrationinwater
column.

TPM Climeate, geometric deta, boundary DO, CBOD, NBOD, temperaure,
condiitions, up to 140 parametersfor full  |ammonium, nitrate, nitrite, organic
amulation of water quaity kinetics nitrogen, total phosphate, organic

phosphorus, sinity, inorganic suspended
solids, dissolved, labile, and refractory
particulate organic carbon, dissolved slica
particulatebiogenic silica, fecd caliform,
totd activemetd

DECAL Coadtd geometry, tidd oscillaions, Contour plotsof suspended particle
loadings, initid and boundary conditions  |concentrationsinlower water layers. Daly

averaged deposition ratesof organic
materid.




Table 21.

Input and Output Data - Dynamic Water Quality Model

Model Main Input Data Output Information
DYNTOX River geometry, flow (continuousrecords |Consarvative and nonconsarvative
or datigical summaries), externd substance concentrations, plotsof return
loadings, boundary conditions period for water quality violaionsbelow
eechdischarge
WASS Waterbody geometry, dimate, waterbody |DO, CBOD, NBOD, ammonium, nitrate,
ssgmentation, flow (or input from nitrite, organic nitrogen, total phosphete,
hydrodynamic modd), boundary organic phosphorus, inorganic suspended
conditions, initid condiitions, benthic flux, |solids, fecd coliform, consarvativeand
externd loadings, spatidly varidbleand  |nonconsarvative substance concentrations
time-varidblefunctions ralecondants  |for each segment and user-definedtime
interval
CE-QUAL-  |River geometry, dimate, river DO, CBOD, temperature, anmonia,
RIV1 segmentation, upstream boundary nitrate, gae, coliform, phosphate, organic
conditions, initid conditions, externd nitrogen concentrationsfor each ssgment
loadings, benthicflux, spatidly varidble  |and user-defined timeinterva
and time-varigblefunctions, raie condants
CE-QUAL-W2 |Lake geometry, climate, waterbody DO, CBOD, NBOD, temperaure,
segmentation, boundary conditions, initid |{ammonium, nitrate, nitrite, organic
conditions, externd loadingsor nitrogen, total phospheate, organic
withdrawals, benthic flux, spetialy phosphorus, sdinity, inorganic suspended
varidbleand time-variadlefunctions, rate  |solids, dissolved, |abile, and refractory
condants particulate organic carbon, dissolved slica
particulatebiogenic silica, fecd caliform,
total activemetal concentrationsfor each
segment and user-defined timeinterval
CE-QUAL-  |Waterbody geometry, dimate, grid, flow  |DO, CBOD, NBOD, temperature,
ICM (or input from hydrodynamic modd), ammonium, nitrate, nitrite, organic
boundary conditions, initid conditions,  |nitrogen, total phosphate, organic
externd loadings, spatidly varidbleand | phosphorus, sdinity, inorganic suspended
time-variablefunctions, ratecondtants | solids, dissolved, |abile, and refractory
particulate organic carbon, dissolved silica,
particulatebiogenic silica, fecd caliform,
total activemetal concentrationsfor each
segment and user-defined timeinterva
HSPF River, well-mixed/shdlow lakes DO, CBOD, nutrients, pesticide, sediment
and organic chemica concentrationsfor
each segment and user-defined time
interval




Table22. Range of Application--Hydrodynamic Models.

Mode

Hydrodynamic Analysis

Water Supply-Control
Analysis Operations/
anagement

Screening |Intermediate| Detailed

Planning | Design

Externaly Coupled

RIVMOD-H

DYNHYD5

NN

NN

EFDC

]

]

CH3D-WES

Internally Couple

CE-QUAL-RIV1

-~

?

CE-QUAL-W2

?

?

?

HSPF

l?

?

I)

? High ? Medium ? Low - Not Incorporated

Table23. Range of Application--Steady-State Water Quality Models.

M anagement
Model Screening | Intermediate Detailed Planning and
Anayss

EPA Screening Methods 2 2 - 2
EUTROMOD 2 9 - 2
PHOSMOD ? ” - ?
BATHTUB 2 9 - 2
QUALZE ’ ’ ’ ’
EXAMSII ’ ’ - )
TOXMOD ” ” - )
SMPTOX3 ) ) ) )
TPM ? ? ? ?
DECAL ” ” ’ )

? High ? Medium ? Low - Not Incorporated




Table24. Range of Application--Dynamic Water Quality Models.

Water Quality Analysis Management
Mode . . Planning and
Screening Int. Detalled Andlysis

DYNTOX 2 ? 2
WASFS ? ? ? ?
CE-QUAL-RIV1 " " " "
CE-QUAL-W2 2 ? 2 "
CE-QUAL-ICM ” ? 2
HSPF " 2 ? ?

? High ? Medium ? Low - Not Incorporated




Table25. A Descriptive List of Model/Technique Components -
Habitat Assessment Techniques

Technique/ Heitat Habitat Hebitet
Moddl Type Porameter Level Methodol ogy
assessed Assessed
HEPHIS (Teresrid/ |Quantity and|Singleor  |Modeling of habitat quantity and quality,
quatic quality multiple using key parameters collected from
Species field; can smulate effects of future
HES Terredtria/  |Quantity and{Community |Modeling of habitat quantity and quality
aguatic quality using abiotic and biotic field-collected
data; can smulate effects of future
WET Il Wetland Quality Singleor  |Callection and analysisof physical,
multiple  |chemical, and biological predictorsto
Species assesswetland functions
HGM Wetland Quality Community |Datacollection and classification;
devel opment and comparison to
reference conditions
Visual-based Aquatic Quality Community [Multimetric collection and analysis,
Habitat comparison to reference conditions
Assessment
OHEI Aquatic Quality Community [Multimetric collection and analysis,
comparison to reference conditions
Rosgen's  |Aquatic Quantity and|N/A Collection and analysis of
Stream quality morphological stream data;
Classificatio classification to predict stream behavior
[FIM Aquatic Quantity and|Singleor  [Modeling of aquatic habitat quantity
(PABSM/ quality multiple  |and quality using key parameters
TSLIB) Species collected from field; can smulate
effects of future devel opment/conditions
SNTEMP/  |Aqudtic Quadlity N/A Modeling of stream temperature using
SSTEMP stream geometric, hydrologic, and

meteorol ogic data
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Table26. A Descriptive List of Model/Technique Components -

Species/ Biological Community Assessment Techniques

Technique/|
Modd Biota Assessed | Data Source Methodol ogy
RBPI Benthic FHed Visud only
macroinvertebrates
RBPII Benthic Fed Andyssof eight metricsinthefield; comparison
macroinvertebrates to reference conditions
RBPIII Benthic Fedd Andydsaf eight metricsinthefied and
macroinvertebrates |aboratory; comparison to reference conditions
RBPIV Fish Questionnaire |Andyssof guesionnaredaa
RBPV (IBl) |Fsh Fed Andyssof 12 metricsinthefield; comparisonto
reference conditions
ICl Benthic Fedd Andysisof 10 metricsinthefield; comparisonto
macroinvertebrates reference conditions
IWB Fish Fed Andysisof speciesabundanceand diversity inthe
field; comparison to reference conditions
PVA Any Fedliteraure |Modding of wildlife population sability usng data
describing birth, degth, and growth rates
FGETS Any Redliterature |Modding of fishbioaccumulation of chemicas

based on biologicd atributesand physicochemicd
properties




Table 27.

Input and Output

- Habitat Assessment Techniques

Technique/
Modd

Output Information

Main Input Data

HEPHIS

A guantitaive assessment
of thequaity and quantity
of avalablehabitat for
Hected wildlife gpediesin
termsof proposed or
ot
€S, JUSL

g}gvenessof different

dternatives

to achieve desredHUsfor
asected gpecies

Datato be collected include delinestion of cover types(eg.,
deciduousforest, coniferousforest, grasdand, resdentid
woodland) withinthe project areg; Sze (acreage) of existing
habitat for each eva uation pecies, selection of evauation
Species, Habitat Suitabili Index?HIS) reflecting current
habitat condlitionsfor evauaion Species, future habitat
condlitionsfor each eva uation species.

HISdatacoIIectionindud&s_%lf)qoed_a ific habitat use
information such asgenerd informeti on?éeg., geogrg)hlc
ditribution): aga%%rwwh, and food requirements; water
quality, depth, andlow; species-specific habitat reguirements;
reproductiveinformetion; (2) espedificlifehigory

informationfor each lifest e?m ning/ embryo, fry,
juv_egle and adult); (3) sui?gbi igindicngforeg:h habitat
vaidble,

HES A quantitative assesament |Basdine dataon habitat typesandTand usesintheproject area
of thequdity and quantity | Size (acreage) of each habitat typeand land usefor exiging
of avalablehabitatfor ~ {and future conditions. Measurémentsof key vmdol&(géq.,
entirewildife Percent understory, number of largetrees, number of m
communitiesintermsof  [trees, speciesassociations, number of snags) identified for
|oroposed oraticipated  |each habitat and land usetypefor existing conditions,
and usechanges. gl'(r)ﬂdaged measurementsor samekey variablesfor future

itions.

WETTT  |A™broad-brush,” Badinedda(eg., waer source[ hydrodynamics, surface
quantitative assessment of |roughness, vegetation cover, soil type) characterizing the
potentid project impects  |following wetland functionsand vaues. groundwater
on severd wetland habitat |discharge, groundweter recharge, sediment stabilization, flooo
functions, flow dteraion, sediment retention, toxicant retention, nutrient

transformation, production export, wildlifediversty, aguatic
diversty, recregtion, uniq heritage.

HGM A quantitatlve assessment |Basdine datato develop arererence & of wetlands
of thefunctioning of representing therange of conditionsthat exist inawetland
wetlandsthet usesthe dem and itslandscapein areference domain. Basdine
conceptsof detaon the condition of assessment wetland variables(e.g.,
tc}/dr_ morphic surfaceand subsurface water gorage, nutrient cyding,

assfication, functiond  |retention of particulates, organic matter exB_grt, Sodii
capadity, reference gructure of habitet, distribution and abundance of .
doman andreference  |invertebratesand vercebrat%_plawt community characterigics,
wet/ands etc.) measured directly or indirectly usng indicatorsto
develop ardationship between variable conditionsinthe
Saa&essnent wetland and functiond capacity of thereference

Visua- A quantitativeassessment, | Datato be collected includeingream cover éfISh) rtfle’run

based based on quditative on,I%/), bottom substraie/available cover (glide/poal only),

Habitat informeation, of aguetic wn&i subgrae(riffle/run only), pool substrate

Assessment | habitat quaity inwadable erization (glide/poal only), émbeddedness (riffle'run

Sreamsand rivers.

gg(ljy), pool varianility (glide/pool ODW’ channdl dteraion,
Iment depasition, frequency of riffles(rifflerunonly),
channd sinuosity (glide/pool only), channel flow status; bank
veg%atl ve protection, bank sability, riparian vegetative zone
width.
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Table27-1. Input and Output - Habitat Assessment Techniques(continued)

Teﬁﬂh%qelfel Output Information Main Input Data
QHEI A guantitative assessment | Datato be collected include subgtrate (type, origin, and
based on quditative quality), ingtream cover (type and anount), channdl
information. Devel oped to|morphology (snuosity, devel opment, channdlization, Sahility,
help disinguishthe modifications/other), riparian zoneand bank eroson (riparian
influenceof habitat effects|width, floodplain quality, and bank erosion), glide/pool and
onfishcommunitiesin  |riffle/run quaity (max. depth, morphology, current vl ocity,
midwestern Sreams. rifflefrun depth, riffle/run subsirate, and rifflefrun
embeddendness), gradient, drainage area, percent pool, percent
glide, percentriffle, percent run.
Rosgen's | A quantified dassfication | Datato be collected depend ontheleve of dassfication:
Stream sysemthat canbeusedto
Classficatiopredict dreambehavior  |Leve 1. landform, lithology, soils, dimate, depositiond
n andtogoply interpretive  |history, baainrdlief, valey morphology, river, profile

information. morphology, generd river pattern.
Interpretations can beused
toevduateadream's Leve 2: channd pattern, snuosity (usudly expressed as
senditivity todisturbance, |Schumm'sratio), gradient or dope, entrenchment or
recovery potentid, entrenchment ration (width of floodplan: thebankfull width
sediment supply, of channd surface), channd bed materid, width/depth ratio.
vegetation controlling
influence, and treambank | Leve 3: riparian vegetation, depositiond petterns, meander
eroson potentid. patterns, confinement features, fish habitat indices, flow
regime, river Sze category, debrisoccurrence, channe sability
index, bank erodibility.
IFIM A quantitative assessment | Detailed datacollectionisrequired for both physicd (e,
(PHABSIM|(usudly ingraphica form)|depth, velodity, stream channdl characteridtics, riparian cover)
[TSLIB) |of thechangesinagiven |andbiologicd (eg., lifehistory and habitat preference
Species habiat with information for the Species of concern) characteristicsof the
changes| hydrologic dream.
regime.
SNTEMP/SMinimum, mean, and 20input parametersarerequired that describethe stream
STEMP  |maximumdalywater  |geometry (eg., ssgment length, devation, roughness,

temperaturefor astream
sgment.

shading), hydrology (eg., ssgment inflow and outflow, dam
locations), and meteorology (e.g., ar temperature, relative
humidity, solar radiaion).




Table 28.

Input and Output - Species/Biological Community

Assessment Techniques

TechnioueModd Qutput Information Man [nput Daa

Screening- [RBPI  |Based on amecroinvertebraie Characterize and rate substratelingream

level community assessment, RBPI cover, channd morphology,

approaches determineswhether an impairment|riparian/bank structure; measure
exigsinastream (or whetl conventiond water qudity parameters,
further investigation isneeded) and|examine physica charactergics, determine
givesagenericindication of relative aoundance of benthic
Imparment cause (eg., habitat,  |macroinvertebrates.
organic enrichment, toxicity).

RBPIV|Basad on afish community Characterize and rate ubstratelingream
asessment, RBPIV determines  |cover, channd morphology,
whether animparment existsina |riparian/bank structure; meesure
dream (or whether further conventiond water quality parameters;
Investigationisneeded) and givers |examine physcd characterdics,
ageneric indication of imparment| questionnairesurvey regarding fish
caue, communities; survey ecoregiond reference

reechesand randomly sdected Sreams.
Multimetric [RBPII [Based onbenthic macro- Characterize and rate Substratelingream
approaches invertebrate collection and cover, channd morphology, and
andyss RBPII characterizesthe |riparian/bank structure; measure
Sveity of animpairment into one |conventiona water quaity parameters;
of three categories, givesageneric |examinephysica characterdics, examine
indication of itscause, andranks  rifflefrun community and sample coarse
and prioritizessreamsof further  |particulate Qr%mp metter; 100-organism
asEsImeant. subssmpleindentifiedinfiddtofamily or
order leve; functiond feeding group andysis
of rifflefrun and coarse particulae organic
matter inthefield. Datadescribing reference
conditionsared o necessary.

RBPIIT|Basad onbenthic macro- Characterize and rate subdrateindream
invertebrate collectionand cover, channd morphology, and
andyss, RBPIII characterizesthe |riparian/bank structure; measure
Sveity of animpairment into one |conventiona water quaity parameters;
of fpur_catg%(_)nes givesageneric |examinephysca charactengics, examine
indication of its cause, establishes alriffle/run community and sample coarse
bagsfor trend monltorlng and mculateorgmlc matter; collect rifflerun
prioritizesstreamsfor further hos, collect coarse particulate organic
asEsImeant. matter sample; determineshredder

abundance; performrifflefrun andysisin
|aboratory, identify 100-organisnubsample
to speciesievel and perform functiond
feeding group andyss. Datadescribing
referenceconditionsareaso .

[Cl [CI providesaquantitaiive Daanecessary for development of the[CD
meesureof overdl mecro-~ [indludetota number of taxa, number of
invertebrate community condition. mayflytwg_ number of caddisfly tax

number of dipterantaxa, percent mayfly
compasition, percent caddisfly compostion,
percent tribetanytarani midge composition,
percent other dipteraandnoninset
comgtlon, percent tolerant organisms, and
number of qudlitative EPT taxa Datafor
reference conditionsare d o necessary.
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Table 28-

1.

Input and Output - Species/Biological Community

Assessment Techniques(continued)

TechnigueModd Output Information MainInput Data

Multimetric RBPV | Based onfish collection and Datato be collected include

aoproaches|(IBl)  [andyss RBPV computesa subgtrate/ingream cover, channd

(continued) quantitetiveindex that incorporates| morphol ogy, and riparianvbank sructure;
individua, population, community,|conventiaond water qudity parameters,
zoogeographic, andecosysem- | physicd characterigtics, mgor habitatsand
level informationto evauate cover types; tota number of nativefish
biologicd integrity asoneof five  |gpecies; number and identity of darter
dases itdsogivesageneric gpecies; number and identity of sunfish
indicationof imparmentcause,  |gpecies, number and identity of sucker
edablishesabassfor trend gpecies; number andidentity of intolerant
monitoring, and ranksand Spedies; proportion of individudsastolerant
prioritizessreamsfor further Spedies; proportion of individudsas
asesIment. omnivores, proportion of individuasas

Insectivorouscyprinids, proportion of
individuals aspiscivores(top carnivores);
number of individuasin sample; proportion
of individuasas hybrids; proportion of
individua swith disease, tumors, fin damage,
and skeletd anomalies. Datadescribing
reference conditionsare o necessary.

IWB  |ThelWB providersaquantitative |Datato be collectedincludenumber of
measureof thequdity of afish  |individuaskilometer; biomassof
asmblage. individud s’kilometer; Shannon-Weaver

diveraty index (number of individuasin
sampleand number of individuasof species
inthesample). Datadescribing reference
conditionsaredso necessay.

Population Viahility |PVAssupply aguantified andyss |Datarequired indudethe age structure of the

Andyss(PVA) of thestanility of aspecified population being sudied, and thesurviva
populationfallowingachangein  |and fecundity of each age.
environment, popul ation structure,
or behavior.

FGETS FGETSpredictsthe tem;oorai Datarequired includemorphologicd,
dynamicsof afidvswhole-body  |physologicd, andtrophic parametersthat
concentration of nonioonic, describe the gill morphometry, feeding and
nonmetabolized, organic chemicagmetabolic demands, and body compaosition
that arebioaccumulated from for the gpeciesin questions; and relevant
water and food. physicochemicd parametersthat describe

partitioning tothefigh'slipid and Sructurd
organic fractionsfor agpecific chemicd.
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Table 29. Range of Application - Habitat Assessment Techniques and Models.

Technique/Model

Habitat Assessment

Terrestrial

Aquatic

Wetland

HEP/HIS

?

HES

?

WET Il

?

HGM

Visual-based Habitat Assessment

QHEI

?
?

Rosgen's Stream Classification

?

IFIM (PHABSIM/TSLIB)

?

SNTEMP/SSTEMP

?

Level of complexity addressed: ? High ? Medium ? Low - Not Applicable

Table30. Range of Application - Species/Biologic al Community

Assessment Techniques and Models.

Technique/M odel

Assessment Type

Benthic community

Fish community

Single-species

(Bioaccumulation and
population modeling)

RBP |

RBP I

RBP I

RBP IV

RBPV (IBI)

|Cl

IWB

PVB

?

FGETS

I)

Level of complexity addressed: ? High ? Medium ? Low - Not Applicable
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(

C= [M/L7]

= [T]

U= [L/T]

E= [LYT]

S [M/L%T]

(1)

(1) Z

(1)

QUAL-IIE WASP CE-QUAL-W2

ESTURY EPA BASIN
GIS HSPF QUAL-IIE HSPF
QUAL-IIE

TMDL (Total Maximum Daily Loads)

)
SWMM  STORM

AGNPS



ANSWERS HSPFVAST VANTU
STORM
SWMM STORM HSPF SS AGNPS
BOD COD AGNPS ANSWERS
ANSWERS VANTU
DO SWMM HSPF VAST VANTU
SWMM HSPF VAST

STORM AGNPS ANSWERS SWMM
AGNPS ANSWERS HSPF VAST VANTU
STORM SWMM HSPF
STORM AGNPS ANSWERS VAST VANTU
31
31.
SWMM | STORM | AGNPS AN%VE HSPF | VAST |VANTU
v v v v v v
v v v
ss| v v v v v v
BOD| Vv v v v v
COD v v v v v
N v v v v v v v
P v v v v v
DO| v v v v
BMP
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(

)

o @

o

[BMP]



C. BMP

(1)
(2)
(3)
(4)

STREAM ESTURY

( )STREAM
STREAM 1960 (Manhattan
College) (Mueller, 1960) Sacramento River
Streeter-Phelps

BOD DO
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CBOD NBOD DO deficit BO
STREAM (Mueller, 1960)

ESTUARY BOD Nitrogenous
BOD(NBOD) ultimate carbonaceous BOD(CBOD,)

O'Connor-Dobbins

( )ESTURY
ESTURY
BOD DO
Fortran-77
ESTURY (Complete
Mixing)
BOD
K=K +Kj3
Ky
K BOD
Ky BOD

(K4=1.796* Q%) (Ke=Kg@o
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(

* 1,047 O'Connor-Dobbins

Sacramento River Manhattan
College
QUAL2 WASP
Wu-Seng Lung(2000)
STREAM Gettysburg Rock Creek Virginia
RoanokeRiver DO CBOD NBOD

QUAL2E WASP5

)QUALZ2E
QUAL-II 1972 Water Resources
Engineers, Inc.(WRE) U.S. Enviromental Protection
Agency F.D. Masch and Associates,
Texas Water Development Board (1970) QUAL-I
SEMCOG SEMCOG

QUAL-I

8C



QUAL-II QUALZ2E (Brown and Barnwell,
1985) QUALZ2E

QUAL2E (3.0 ) Tuft University, Department
of Civil Engineering  EPA Center for Water Quality Modeling
(CWOM), Environmental Research Laboratory, Athens, Georgia

QUALZ2E(2.2
) (UNCAYS)
QUALZE
(Dissolved Oxygen) (biochemical Oxygen Demand)
a( ) (Organic Nitrogen)

(Ammonia) (Nitrite) (Nitrate)
(Organic Phosphorus) (Dissolved Phosphorus)
(Coliforms) (Arbitrary Nonconservetive
Constituent) (Conservative Constituents)
(Advection) (Dispersion)
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(Discharge) (Withdrawal) (Tributary flows)

(Inflow) (Outflow)
QUALZ2E
(Steady state)
QUALZE
(Reaches) (Uniformity)
(Elements)
QUALZE
1. (Headwater element)
2. (Standard element)
3. (Element just upstream from a
junction)
4, (Junction element)
5 (Last element in system)
6. (Input element)
7 (Withdrawal element)
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1. 25
2 20 250
3. 7

4. 6

5. 25

QUALZE (Steady) (Unsteady)

QUAL2E



QUALZ2E

1.
2.
3.
4
5.
6.
7. /
QUALZ2E-UNCAS
1. (Sensitivity analysis)--
2. (First order error analysi9)--
3. (Monte Carlo simulation)--



QUAL2E-UNCAS

( )WASP5
WASP (Water Quality Analysis Simulation Program
WASP)
(Ambrose, et al., 1988) 1970

(BOD) (DO)
(conservative tracers)
WASP
WASP5(Ambrose, et al., 1993)

WASP5 (dynamic compartment)



WASP5

WASPS
(DYNHY D5) (WASP5)
WASP5
DYNHYD5
(EUTRO5)
(TOXI5)
2.1 WASP
(EUTRO5) (TOXI5)
DO BOD EUTRO5
EUTROS5
(systems)
(complexity level) 32

300 (segments)

8€



50 (boundary conditions) 50 (waste loads)
(parameters) 104 (constants) 17

(time functions)

K, reaction rate constant K,
BOD deoxygenation rate
K>

32 EYTRO5

21

NH3 X
NO3 X
PO4
CHL
CBOD
DO X
ON X
OoP

X

X X X X X X X X|b
X X X X X X X X|O

0O~NOO O WN PP

X X X X X X X X|[O

WASP5



33 WASP

WASP5

( )WASP QUALZ2E ESTURY

QUAL2E ESTUARY
WASP QUALZE

ESTUARY DO BOD Streeter-Phlps
DO BOD
33 WASP
WASP QUALZE ESTUARY
BO-BOD Streeter-
Phlps
EUTROS TOXI5 15 DO BOD
300 25 9
20
10
9
DYNHYD5
WASP 300




(Segments) 2.4 QUALZE

ESTUARY
QUALZ2E 25 (Reaches)

(Uniformity)

(Elements) 20
QUALZE
WASP (Segments)
Estuary
Estuary 99
WASP

QUAL2E



WASP
ESTUARY

WASP

QUAL2E

ESTUARY

QUAL2E-UNCAS

WASP QUALZ2E
ESTUARY
DO BOD

DO BOD ESTUARY
WASP QUALZ2E

WASP

QUALZ2E
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AGNPS SWMM
( YAGNPS
(Agricultural  Non-Point Source
Pollution Model, Young, et a, 1995) AGNPS
USDA Agricultural Research Service  Minnesota Pollution

Control Agency  Soil Conservation Service

(Sediment) (Neturients)
AGNPS5.00
AGNPS (single event) (lump-
sum parameter) (pollutant loading)
(cell)
(loss) (transport) AGNPS

(physical-based)

92



10.
11.
12.
13.
14.
15.
16.

AGNPS5.00

SCS TR55

5

Einstein

( SCSTRS5



17.

AGNPS 5.00
(Sediment)
AGNPS 5.00
(Overland phosphorus sediment yield) (Gully
phosphorus yield)
AGNPS 5.00



AGNPS 5.00

(Overland nitrogen sediment yield)
nitrogen yield)

AGNPS 5.00

A3

CREAMS

(Gully

(Sediment)



S ©o N o U A W N P

( )SWMM

(U.SEPA)
(Storm Water Management Model, SWMM)

SWMM

1. SWMM
SWMM

SWMM 1969-1971

(1) Metealt-Eddy, Inc.

(2) University of Florida

%€



(3) Water Resources Engineers, Inc

Huber and Dickinson, (1988), Roesneretal (1988)

(Version 4.0)
SWMM
SWMM
(1)
2)
3
(4)
()
(6)
2. S\WMM
SWMM FORTRAN U.S.EPA




il

L

Il

L

Run-off Block

Trangoort Blodk

Extran Block

/
Sorape/ Tresmant Blodk

4. SWMM

(1)

(2)

3)

Extran

(4)

(Huber and Dickinson, 1988)

(Computational Blocks)

(Run-off Blocks)

(Transport Block)

(Extran Block)

Saint Venant

(Storage/ Treatment Block)
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(Run-off Block) |(Transport Block) |(Extran Block)
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14.

15.

16.

17.

b. (Service Blocks)
(1) (Graph Block)

Graph




SWMM )

(2) (Combine Block)
(3) (Rain Block)
( 1h 15
)
(4) (Temp Block)
(5) (Statstic Block)
(
)
EPA SYNOP
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C. Eecutive Block

3.
(Huber and Dickinson, 1988, Roesneretal, 1988)
SWMM
SWMM Runoff Transport  Extran
SWMM EPA

(Center for Exposure Assessment Modeling CEAM) SWMM
WASP 5

4. SWMM
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(1)SWMM

(2 SWMM
(3)SWMM
(5) SWMM
ASCI|
USEPA GIS CAD
SWMM (EPA 1993
Window CD-ROM )
(6)(5)SWMM 1-2 USEPA

Model Distribution Coordinator
Center for Exposure Assessment Modeling (CEAM)
U.S. EPA
960 College Station Road
Athens, Georgia 30605-2720 USA
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Phone (706) 546-3549

Internet address ftp:ftp. Epa.gov

SWMM

SWMM US EPA
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GLEAMS HSPF
( )GLEAMS

GLEAMS (Groundwater Loading Effects of Agricultural
Management, 1993) University of Georgia Bio &
Ag. Engineering Department USDA-ARS Southeast
Watershed Research Lab
CREAM (fildscale)

NO;sN NH,-N PO,P

NH,-N
GLEAMS
1.
GLEAMS IBM DOS
2.
(1) SCS Curve Method (U.S. Sonservation
Service, 1972)

(2) Priestly-Taylor ~ Penman-Monteith (Jesen et.,
1990)
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3) (root depth)
(4)
(5)

(6)

GLEAMS
SCS Penman-
Monteith (Jesen et al., 1990) Priestly-Taylor(1972)

GLEAM
(ammonification) (nitrification) (denitrification)
(volatization) (uptake) (fixation)
)
GLEAM Sharpley (1984)
EPIC
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UP

(Sharpley & Williams, 1990)
GLEAMS
GLEAMS

NI DN
FX
5 GLEAMS
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( )HSPE
HSPF (Hydrologica Simulation Program Fortran Mode!)
(USEPA)  Hydrocomp Inc.

HSPF
1996 BASINS(Better Assessment
Science Integrating Point and Nonpoint Sources) HSPF

HSPF BASINS
BASINS GIS
HSPF

7 HSPF
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HSPF

HSPF

HSPF
HSPF

8
Chew  (1991) HSPF
North Redfoot Creek
Moore (1992) Chew
North Redlfoot Creek
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BASINS WARMF
( )BASINS

BASINS (Better Assessment Science Integrating Point and Nonpoint

Sources) (USEPA)
(GIS)
1977
Clean Water Act (total maximum daily load, TMDL)
1996 BASINS
TMDL
BASINS h) 2)
3)
BASINS (integrating)
BASINS
AreViewGIS

ats
o

o (TARGET ASSESS DaaMining)

a¥s
L/ .‘

W NPSM(WIinHSPF) QUALZ2E TOXIROUTE
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W (GenSan)

BASINS Windows 9 BASINS
GIS
GIS
TMDL
BASINS
BASINS WIinHSPF QUALZ2E Win HSPH(

HSPF NPSM )

QUALZE
BASINS
WDMULil BASINS
WDM (Watershed Delineation Tool)
(Import Tool)
GIS BASINS
BASINS
2000 BASINS3.0
3.0 BASINS Extension
Manager
BASINS “extenson’ proj ect
BASINS |oad
BASINS



BASINS

Www.epa.gov/ost/basing/

10
BASINS Listserver(  11)

BASINS

9 BASINS
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10 BASINS

11 BASINS

BASINS
BASINS

Adema(1999)  BASINS

BASINS
(TMDL) Dom et al. (2001)
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BASINS

BASINS
BASINS

BASINS Listserver

( )WARMF
WARMF
WQRRS (Water Quality for River-
Reservoir System) WASP (Water Quality

Analysis Simulation Program)

ANSWERS (Area Nonpoint Source Watershed
Environment Response Simulation Model)
CREAMS(Chemicals, Runoff, and Erosion from Agricultural
Management Systems) AGNPS (Agricultural Nonpoint Source
Pollution Model)
SWMM (Storm Water Management Model)

HSPF (The Hydrological

Simulation Program-Fortran) ILWAS
(Integrated Lake-Waterslied Acidification Study)
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ILWAS
ANSWERS
HSPF

WASP

WARMF

Window
interface, GUI)
TMDL
1.
303(d)
5mg/l 3.

WARMF

WARMF
ARCVIEW

WORRS
CREAMS

WASP

(decision support system, DSS)
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Cata Wba river basin

Taboe
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34

Cheat river Basin

Chartiors creek Basin

Dillas Lake

Oostanula Creek Basin
WARMF BASINS

117



34 Comparasion of WARMF and BASINS MODEL

WARMF3.1 BASINS2.0
Design Philosophy WARMF is adecisgon support system for | BASINS 2 is for tegulators to assessthe
the watershed approach. It contatins condition of river basins. It contains a
smulation mode, database, built-in GIS. |collection of national databases and
It provides tools for consensus and water quality models. It does not
TMDL WARMF isdesigned for useby |provide a procedure to caculate TMDL.
stakebolders of different backgrounds. It |Users must find out answers for
makes the trand ations between water themsalves. A stakeholder would not
qudity and usability and between know what to look for and where to find
management plans and modd inputs. it. Regulators are in command and
contral.
Computer Platform IBM PC. With 486 or Pentium processor, {IBM PC, Pentium processor, 64, MB
16 MBRAM, 100 MB hard disk space  |[RAM, 150 MB hard disk space
Software Requirements | Based on Integrated L ake Watershed Windows 95/NT, Arc View Verson 3.0e
Acidification Study (ILWAS) moadd, and Arc View Didog Designer
enhanced with agorithm of ANSWERS
Liver Modd ILWAS. Enhanced with WASP5 Non-point Source Modd (NPSM) based
on parts of Hydrological Simulation
Program-FORTRAN(SHPF)
River Model ILWAS. Enhanced with WASPS QUALZE, TOXIROUTE, NPSM
Lake/Reservoir Modd |ILWAS. WQRRS, CEQUAL-W?2 None

Spatid Resolution

Flexible resolution, generdly applied &t I
digit hydrologic units. User can dso
modify it to afiner resolution.

Eight digit hydrologic units by default,
but may be modified manudly by user.

Type of smulation Physicaly based dynamic ssimulation, QUALZ2E & TOXIROUTE usesonly a
normdly run with adaily timestepfor  |low flow or amean flow. NPSM can run
many years. adynamic smulation for many years.

Fertilizer & cropping  |Smulated Not smulated

Atmospheric depositior| Simulated Not smulated

Buffer zone Smulated Not smulated

Risk Andyss Can evduate therisk of failing to achieve |Not smulated
the water quality objective of aplan.

Pollution Trading Cost sharing between point and nonpoint |Not simulated

Data Requirements Digitd devation maps, land use, soil, 7010, USGS Reach File, point source
daly meteorology, monthly ar qudity, |datafor QUALZ2E and TOXIROUTE.
point source data, and mode coefficinets. |USGS land use coverage, meteorology,

model coefficients for NPSM.

Data Supplied Data base includes DEM, land use, point (Datafor dl river basinsin an EPA
loads, meteorology, air qudity, and region, from national database. Data for
observed hydrology and water qudity.  |aspecific river basin can be sparse.
This datafor the specificriver basnis  |Users are cncouraged to import local
imported from federal, Sate, and local  |datafor accuracy and resolution.
sourecs, most of which isavailable over  |Meteorology, point source load, and
the Intemet or from publisted CDs. observed water quaity may not be for

the same period.

I nput/output proccdure |Inpot data can be entered or viewed by  |NPSM, QUAL2E, TOXIROUTE have

couble-clicking at a catchment, river, or
reservoir on the basin map. Comparison
of modd results and observed data can be
viewed by double-clicking at a
monitioring location on the basin map.

their own input procedures using menus
and buttons.
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IDENTITY OF SIMVLATION WATER QUALITY IFFM

'

ASSESSMIENT OF CHARACTERISTIC FORWATER
BODY

'

DATA COLLECTION

'

SELECTION OF WATER QUALITY MODEN

'

RIVER SEGMENT

'

SELECTION OF PARAMETER

!

CALIBRATION OF MODEL

'

END

12 ERCTION OF WATER QUALITY MODEL
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Macatawa 1,780
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91
84 85 86 5
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44 2 6 USGS

35 Macatawa

BATHTVB, GWIF, AGNPs, SWAT,

SWMM, HSPF HSPF
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126,100l bs

12,418 Ibs

79

44

33,839 Ibslyear

55,000 |bs/year
20,000 Ibs/year
35,000 Ibs/year
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(1) L ower Beaverdam Creek
BAINS Lower Beaverdam Creek
BAINS NPSM
Lower Beaverdam Creek 9753acres
(74 ) (22%) (3%)
BASINS
BASINS GIS
Lower Beaverdam Creek GIS 38( ) 39(
) Lower Beaverdam Creek 25

BASINS Watershed Delineation Tool

BASINS

BASINS NPSM NPSM
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BASINS
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2

Wright, et al.(1998) QUALZE Blackstone River(
50 ) Blackstone River 0.2miles 25 reaches, 229
elements Flow, CBOD,, TKN, Ammonium, NO,+NOQO,,
Ortho-P, Chl-a DO 51
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50 BlackstoneRiver

51
> 3
Lung and Larson (1995) WASP5 Upper Mississppi
River and Lake Pepin ( 52 ) Lock & Dam No.1 Lock & Dam

No.2 81 (segment) Lock & Dam No.2 lake
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4 53 Totd P

52 Upper Mississppi River and Lake Pepin
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PCB

GIS

BOD NH3N T-P

Nitrogen phosphate COD BOD

Hg
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BASINS FSPA+QUALE+ MODULKE(
) Warmf

MODULE( )
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STREAM ESTURY
QUAL2E WASPS5
AGNPS SWMM
GLEAMS HSPF
BASINS WARMF
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