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Abstract

In this study, some of the model verification results of STREAM (Spatio-Temporal River-basin Ecohydrology Analysis
Model), a newly-developed hybrid watershed model, are presented for the runoff processes of nonpoint source pollution. For
verification study of STREAM, the model was applied to a test watershed and a sensitivity analysis was also carried out for
selected parameters. STREAM was applied to the Mankyung River Watershed to review the applicability of the model in the
course of model calibration and validation against the stream flow discharge, suspended sediment discharge and some water
quality items (TOC, TN, TP) measured at the watershed outlet. The model setup, simulation and data I/O modules worked as
designed and both of the calibration and validation results showed good agreement between the simulated and the measured
data sets: NSE over 0.7 and R’ greater than 0.8. The simulation results also include the spatial distribution of runoff processes
and watershed mass balance at the watershed scale. Additionally, the irrigation process of the model was examined in detail at

reservoirs and paddy fields.
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1. Introduction
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Table 1. Selected parameters of hydrology for sensitivity analysis
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Ksat, W& W2AS MacFactor, AXHL Z=AS Inter-
rillMN, RAER7F A4S X9 ZTA S RillMN, EY

9] 2T E ThetaS, EG W FFEEZASF Lamda, NE
@ 5 HbubbleE 3783t th. STREAMZ shelA 9] &
=34 & Muskingun-Cunge 2o 93] Zolshe=tl, o)<t
#H 3l Muskingun-Cunge HH 9] 3I1=F4 71502 MCun-
geX, BN A AF g 99 pwe Al /5 7
At MCFlowFactor, 3t ZEA T SwMN &< 4783t
NZE BAS P Aste &2 #dHHAE dF

=1
29 XU AELE AquKsat, NFZS F=F AquThetas,
]

Aty #& AFAF Kowr & A5 FARAH
olgd #AH wiAHTE 4G olFcl Ehske I
Wl w2t W (sheet), E, st WARTR FES

Parameter Description (with default value in parenthesis

Ksat Hydraulic conductivity of the soil (0.2 m/day)

MacFactor Macro-porosity factor induced by crop or agri. practices (1.0)
InterrillMN Manning's n value for the inter-rill flow (1.0)

RillMN Manning's n value for the rill flow (0.02)

ThetaS Soil water content at saturation (0.40 m’/m’)

MCX Muskingum-Cunge weighting factor X (0.25)

MCFlowFactor Weighting factor for influence of normal flow on storage time constant value (0.70)
AquKsat Hydraulic conductivity of the aquifer (0.10 m/day)
AquThetaS Water content at saturation of the aquifer (0.15 m’/m?)
StrMN Manning's n value for the stream flow (0.03)

Lamda Pore-size distribution parameter (0.1)

Hbubble Soil bubbling pressure head (0.2 m)

Kgwr Baseflow recession constant (0.50)
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Table 2. Selected

parameters of sediment erosion and transport for sensitivity analysis

Parameter

Description with default value in parenthesis

CohByRoot
KiIntrA

KintrB

CohRill
OmegaCr

ConstSS
ConstBL
TStarC

Det
Coh

Increase of soil cohesion By Root (0.1 kPa)

Constant a for interrill transport of sediment

(clay: 0.05, silt: 0.03, f.sand: 0.01, c.sand: 0.005)

Exponent b for interrill transport of sediment

(clay: 2.0, silt: 2.5, f.sand: 3.0, c.sand: 3.5)

Cohesion factor for rill-bed 'firm' sediment (5.0)

Critical unit stream power for rill/channel flow detachment

(clay: 0.2, silt: 0.3, f.sand: 0.4, c.sand: 0.6 cm/s)

Constant for SS conc. at the ref. level for rill/channel transport of sediment
(clay: 0.03, silt: 0.006, f.sand: 0.0001, c.sand: 0.00002)

Constant for bed-Load for rill/channel transport of sediment

(clay: 0.006, silt: 0.004, f.sand: 0.00008, c.sand: 0.00001)

Dimensionless critical shear stress (clay: 0.03, silt: 0.06, f.sand: 0.20, c.sand: 0.45)
Soil detachability (1.5 g/J)

Cohesion of a wet soil determined with a Torvane (9.0 kPa)

Table 3. Selected

parameters of water quality for sensitivity analysis

Parameter Description with default value in parenthesis

CNPratio C:N:P ratio of the microbial biomass (55:7:1)

Fbiosyn Fraction of POM transformed to microbial biomass (0.05)

Fref Fraction of POM transformed to refractory matter (0.005)

FCO2 Fraction of POM transformed to CO, (0.01)

FNH4 Fraction of POM transformed to NH4-N (0.01)

FPO4 Fraction of POM transformed to PO4-P (0.01)

Kplant Litter decomposition rate constant (0.01 day)

Kmanur Manure decomposition rate constant (0.01 day™)

KLPOM LPOM(Labile Particulate Organic Matter) decomposition rate constant (0.10 day'l)
KRPOM RPOM(Refactory Particulate Organic Matter) decomposition rate constant (0.01 day™)
KLDOM LPOM(Labile Dissolved Organic Matter) decomposition rate constant (0.15 day™)
KRDOM RPOM(Refactory Dissolved OrganicMatter) decomposition rate constant (0.01 day'l)
Kmbm Micro-Biomass decomposition rate constant (0.1 day™)

KimmoN Nitrogen immobilization rate constant (0.1 day™)

KimmoP DIP immobilization rate canstant (0.05 day’l)

KvolaN Ammonia volatilization rate constant (0.1 day'l)

Knitr Nitrification rate constant (0.15 day™)

Kdnit Denitrification rate constant (0.1 day'l)

KadsDOC DOC adsorption rate constant (0.01 day™)

KadsDON DON adsorption rate constant (0.01 day™)

KadsNH4 NH, adsorption rate constant (0.05 day'l)

KadsDOP DOP adsorption rate constant (0.10 day™)

KadsFast PO, rapid adsorption rate constant (PO4->PIPa) (0.10 day)

KadsSlow PO4 (PIPa) slow adsorption rate constant (PIPa -> PIPs) (0.005 day'l)

SigmaDOC Equilibrium coeff. for DOC adsorption (ratio of DOC to POC at equilibrium) (1.0)
SigmaDON Equilibrium coeff. for DON adsorption (ratio of DON to PON at equilibrium) (0.5)
SigmaDOP Equilibrium coeff. for DOP adsorption (ratio of DOP to POP at equilibrium) (0.1)
CNRLitter C:N ratio of the litter (50)

CNRManure C:N ratio of the manure (18)

NuptakeRate Michaelis-Menten's half-saturation constant of dissolved N conc. for Nuptake (0.007 kg/m3)
NuptakeMax Max. N uptake rate (1.0 kg/ha/day)

PuptakeRate Michaelis-Menten's half-saturation constant of dissolved P conc. for Nuptake (0.0003 kg/m’)
PuptakeMax Max. P uptake rate (0.03 kg/ha/day)

AdsCapacity CNP adsorption capacity for each of the sediment classes (clay: 20,000, Silt: 2,000, f.sand: 200, s.sand: 20 mg/kg)
090surfP Surface runoff when 90% of available CNP is transported in 1 hour (40 mm/hr)

090infl Interflow when 90% of available CNP is transported in 1 hour (100 mm/hr)

090intf Infiltration when 90% of available CNP is transported in 1 hour (200 mm/hr)

090soaq Groundwater recharge when 90% of available CNP is transported in 1 hour (300 mm/hr)
IAPores Volume fraction of the interactive pores around preferential flow pathways (0.01)
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Fig. 1. Location map of the Mankyung River Watershed.
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Fig. 2. Recommended ponding water depth and dyke height for different growth stages of rice in the Mankyung River Watershed.

Table 4. Regional and seasonal fertilizer application rates for paddy fields in the Mankyung River Watershed

Fertilizer application rate (kg/10a)

Region N P
4/20 ~ 5/20 5/10 ~ 6/20 7/01 ~ 720 4/20 ~ 5/20

Lowland 4.5 2.25 2.25 4.5

Midland 4.5 2.25 2.25 6.5

Reclaimed land 5.5 2.75 2.75 5.1

Table 5. Seasonal manure and fertilizer application rates for red-pepper in the Mankyung River Watershed
. Manure/Fertilizer application rate (kg/10a)
[tems Total input

3/20 ~ 4/10 4/20 ~ 5/20 5/20 ~ 6/20 7/1~7/31

Manure 2,000.0 2,000.0 - - -

N fertilizer 19.0 10.2 2.8 3.2 2.8

P fertilizer 11.2 11.2 - - -

Journal of Korean Society on Water Environment, Vol. 31, No. 5, 2015
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Fig. 4. Observed and simulated daily hydrographs (left) and scatter plots (right) for the calibration and validation periods at
the Daechun Monitoring Station.
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Fig. 5. Observed and simulated daily hydrograph (left) and scatter plot (right) for the validation period at the Gosan Monitoring
Station.
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Fig. 6. Observed and simulated daily concentrations of SS, TOC,

Mankyung-B Monitoring Station.
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Fig. 7. Observed and simulated daily concentrations of SS, TOC, TN and TP for the validation period at the Mankyung-A

Monitoring Station.
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Fig. 8. Simulated water depth and recommended ponding depth for growth stages of rice in the Mankyung River Watershed.
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Fig. 10. Simulated and observed daily water storage change (left) and scatter-plots (right) for two reservoirs in the Mankyung

River Watershed.
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Table 6. Annual water balance or the Mankyung River
Watershed for 2010

Amount
Component
(mm) | (%)
Precipitation 1,346.9 | 819
Point source input 142.1 8.6
Inputs -
External input 154.7 9.4
Total 1,643.7 | 100.0
Canopy interception 52.8 3.2
Vegetation 52.8 3.2
Soil 191.1 | 116
Evapo Water body 448 2.7
transpiration Impervious area 10.5 0.6
Transpiration 387.0 | 23.5
Subtotal 686.3 | 41.8
Outputs Pervious area 4499 | 274
Surface -
Impervious area 86.0 5.2
runoff
S Subtotal 5359 | 326
.tream Interflow 83.8 5.1
discharges
Groundwater flow 74.7 4.5
Point source 142.1 8.6
Subtotal 836.5| 509
Total 1,522.8 | 92.6
Water storage change 120.9 7.4
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2 JYeigEd, 5359 mmE Z9F2 39.8%, AA 5
9] 27.4%E AAGE AR BEXHJY AEFES
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Fig. 11. Spatial distribution of annual hydrologic processes across the Mankyung River Watershed for 2010 (mm/yr).
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Fig. 12. Spatial distribution of annual litter/residue incorporation rates across the Mankyung River Watershed for 2010 (kg/ha/yr).
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Fig. 13. Spatial distribution of annual manure/fertilizer application rates across the Mankyung River Watershed for 2010 (kg/ha/yr).
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Fig. 14. Spatial distribution of annual TOC, TN, TP discharges by surface runoff across the Mankyung River Watershed for
2010 (kg/halyr).
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Fig. 15. Spatial distribution of annual TOC, TN, TP discharges by interflow across the Mankyung River Watershed for 2010

(kg/halyr).
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