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System-Wide Water

Resources Program Watershed Scale TMDL Model: Multidimensional
Sediment Erosion, Transport, and Fate

By Charles W. Downer and Aaron Byrd

PURPOSE: The purpose of this System-Wide Water Resources Program (SWWRP) technical
note is to describe the new sediment transport routines in GSSHA, a watershed analysis and
management tool that has the ability to simulate the movement of water, sediment, and
associated constituents at fine-scale increments (<100 m) over watershed scale areas. The
resulting tool is intended for analyzing project alternatives and best management practices
(BMPs) designed to control sediments near the source, either on upland areas or in tributaries.

BACKGROUND: Receiving water bodies are harmed by the introduction of excess sediments
which reduce storage capacity, increase turbidity, and introduce associated contaminants. The
control of sediments may best be performed in upland areas near their source where
contaminants may be removed along with the sediments before the contaminants are released
into solution.

In this work unit, the Department of Defense Watershed Modeling System (WMS)-distributed
hydrologic model Gridded Surface Subsurface Hydrologic Model (GSSHA) (Downer et al.
2005) has been further developed to allow the physics based simulation of sediment erosion,
transport, and deposition on a continuous basis. Simulation of sediments is at the most
fundamental level of current understanding of sediment physics. The general laws of
conservation of mass and momentum are applied. This approach allows contaminants closely
associated with sediments to be simulated with the same approach and equations. A continuous
simulation model provides the ability to track sediments over several precipitation events, or
years, and determine the long-term patterns of erosion, deposition, and geomorphologic changes
within a watershed.

GSSHA is a distributed, physics-based hydrologic model developed to simulate a watershed’s
response to meteorological inputs. Basic simulated physical processes include distributed
rainfall, rainfall interception by vegetation, surface ponding and retention, infiltration,
evapotranspiration, overland flow, streamflow, and lateral saturated groundwater flow. The
model also simulates subsurface drainage networks and includes seasonality effects. The model
is intended for, and has been applied to, the simulation of streamflow, flooding, soil moisture,
sediment erosion, and discharge.

The hydrologic and hydraulic components of GSSHA provide the information necessary to
simulate erosion and sediment fate and transport. Key to simulating sediments within a
watershed, GSSHA provides the ability to link two-dimensional (2-D) overland flow transport to
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one-dimensional (1-D) transport in a stream network as shown in Figure 1. The overland flow
plane provides inputs to the channel network at each point where the channel network and
overland flow plane coincide. Optionally, water and constituents can be allowed to spill back on
the overland flow plane.

Figure 1. Representation of watershed and simple stream network in GSSHA.

Flow in both domains is described by the diffusive wave approximation of the de Saint Venant
equations and solved using the finite volume technique. The finite volume method allows the
simultaneous simulation of both wet and dry cells. The ability to simulate “dry bed” conditions
is critical in the simulation of large regional watersheds as precipitation may occur preferentially
within the study area and only parts of the watershed, or stream network, may be flowing at any
given time.

Prior to this effort, GSSHA employed an empirical approach to sediment erosion, transport, and
fate (Johnson et al. 2000; Sanchez 2002) taken from the CASC2D model (Ogden and Julien
2002), GSSHA’s predecessor. Due to limitations of this method (Ogden and Heilig 2001) and a
desire to simulate sediments and dissolved constituents with one general method, the more
empirical method has been replaced with a more general, physics-based approach as described in
this document.
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METHODOLOGY: The general transport equations are solved in two dimensions on the
overland flow plane and in one dimension in the channel network, using a common methodology
and interaction between the two domains. Sediment erosion and deposition are treated as first
order reactions, with erosion being an source term, and deposition being a sink term.

GENERAL TRANSPORT EQUATIONS: The general transport equations describe the fate
and transport of dissolved and particulate constituents. Each cell is treated as a completely
mixed reactor and the concentration in each cell is affected by internal sources and sinks, as well
by advection into and out of the cell and diffusion between surrounding cells.

For the sake of simplicity, the 1-D scheme (channels) is presented first. Although only one
constituent is described in this text, the number of constituents, both dissolved and particulate
(sediment), can be any number specified by the user.

Reactive Transport in Channels. GSSHA computes values of water flow and depth within
a user-specified 1-D finite volume stream network. Solution of the diffusive wave
approximation provide the discharge and cross-sectional area at fine space and time increments
within the channel network. Typical stream nodes range in size from 30 to 200 m. Typical
channel routing time-steps range from 5 to 30 sec.

This information is needed for the transport of sediments and other constituents within the
channel network using the general 1-D advection-dispersion equation in terms of the mass of
constituent (M) equal to the concentration (C) multiplied by the volume (V) with constant
dispersion:

8(M)+8(uM) _i( oM
ox

y ™ ™ D—)+K(M)=S (1)

where:

u = flow velocity in the x-direction (M ™
C = concentration (M L")

O, = discharge in the x-direction LTh
A = cross-sectional area (L?)

D, = diffusion coefficient in the x-direction for the constituent of concern (L> T™)
K = decay coefficient (T™)
¥V = volume (L)
S = term for all sources and sinks (M T"")

This equation is solved with a simple three-point explicit finite-volume scheme for each
constituent of concern. The solution proceeds from the most upstream node and proceeds
downstream to the channel outlet. This scheme is first order accurate in time and space. For
each node, the following mass reactions are accounted for with masses (M) in grams; volumes
(V) in m’; discharges (Q) in m’ s'; and concentrations (C) in g m™ or mg L™
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e Initial mass, M = Ax(C/'A4/")
o Where 4 is the cross-sectional area, Ax is the channel grid element size, the

superscript n refers to the current time level, and the subscript i refers to the current
node.

e Advective flux, M, =AlQ"'Cl, —0r'Cr),
o Where At is the time-step (s); the subscripts i-/, and i refer to upstream node, and

current node, respectively, with flow being defined as positive from the current cell to
the downstream cell; the superscript n+/ refers to the next time level.

advect

e Constant point source, M , = At(Qp C p)

o Where O, and C, are the flow and concentration of the point source, respectively.

= allgp' ).
o Where Alis length of the stream/overland interface (m), and Cy, is the concentration
of the water on the overland plane if flow is into the channel, and the concentration of

the water in the channel if flow is back onto the overland plane.

e Lateral flow, exchange between channel and overland flow plane, M

lat

e Groundwater exchange, M, = At(Q;lC;W)
o Where the concentration of the groundwater, C,,, depends on the direction of Q. It is
equal to C; if the flux is into the groundwater (Q is negative) or equal to concentration
in the groundwater if the flux is into the stream (Q is positive).

At(

* Dispersive exchange, Mdisp = E Di+1/2Air:l/2 (Ch—ChH- Di—l/zAz'n—J;l/z (C; -C, ))

o Where: D is the dispersion coefficient (m” s™), assuming D varies in space, but not in
time, and 4,+,, and A;.;,» are the cross-sectional areas (mz) between the 7 and i+/ and
i and i-1 nodes, respectively.

= Ak crvr)

decay

e Decay, M

decay

o Where Kgeqy 1s the decay coefficient computed at each time increment based on the
physical state of the sytem s™).

Concentration at the next time level, n+1, is calculated as:

M, +M +M, +M,, +M, +M,, +M

n+l
Vi

advect

Cin+1 _ decay (2)

The mass exchange between the channel and the groundwater is only computed if saturated
groundwater computations are being conducted. The concentration in the groundwater is
assumed to be zero, so that C,,, = 0 when the stream is gaining. The concentration of the
overland flow plane, Cj,, will also be zero unless the overland flow transport is also being
simulated.
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Overland Reactive Transport. For overland flow, the 2-D form of the general transport
equation is solved.

a<M>+a<uM)+a<vM>_i(D aﬂ]_i b Ml k=5 3)
ot ox ay  ox\ Tox ) oyl oy

Where v is the velocity in the y-direction (m s™).

A 2-D overland flow solution of the diffusive wave approximations, as described by Downer and
Ogden (2004), provides the necessary discharges and areas. As with the instream contaminant
transport routines, the overland flow transport is modeled with a mass balance in each overland
flow cell. For each constituent and each cell, the following mass reactions are accounted for
with masses (M) in grams; volumes (¥) in m’; discharges (Q) in m’ s'; and concentrations (C)
ingm~ormgL™".

e Initial mass, M = AtszC; hy;

o Where: Ax is the grid size (m), / is depth, and the subscript ij refers x and y location,
respectively, of the current node.

e Precipitation Mass, M ,, = AtA* (IC

o Where [ is rainfall intensity (m s™) and C,re 1s the concentration in the precipitation
(assumed to be zero).

pre )

o Advective flux in the x-direction, M, = AiAx(p/ C",  — priC?))

o Where p is the unit discharge (u4) in the x-direction (m? s™).

 Advective flux in the y-direction, M, = AtAx(q Ll =gt C )

i,j-1>"1,j-1 J

o Where: ¢ is the unit flux (vA) in the y-direction (m* s™).

e Point source, M, = At(QpCp ),

e Lateral inflow to channel, M, =—-AfAl (q e ,’;t)

e [Infiltration loss, M, = AtAx? ( S 1C;)

o Where: fi,ris the infiltration rate (m s™).

e Exfiltration, M, = AtAX* ( fez;lC o)

o Where: f.is the exfiltration rate (m s1) and Cqw 1s assumed to be constant.

e Dispersive exchange in x-direction,

At n+l n n n+l n n
= (Di+1/2,in+JI/2,j (C _Cij)_Di—uz,in—JI/z,j (Cij _Ci—l,j))’

disp,. sz i+l, ]
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e Dispersive exchange in the y-direction,

At n n n n n n
= (Dij+1/2A' +1 (C; _Cij)_Di,j—l/ZAi,;ilu(Cij _Ci,j—l))

disp, — \ 2 i,j+1/2 i,j+1

e Decay, M, =A(M K" )

decay decay

— Kn+l (C

uptake uptake

e Uptake from the land surface, M -Cj YAtAx®

o Where: Kyyuke 15 the uptake coefficient (g m> s'l) and C,y 1s the maximum possible
concentration in the overland flow cell.

max

The 2-D overland transport equations are solved with a five-point explicit alternating direction
(ADE) scheme with prediction correction (PC), or ADE-PC (MacCormick 1971). This method
is 2" order accurate in space and time. The concentration at the next time-step, n+1/ time level, is
computed using the following method.

e Ifthe overland cell is located along a channel, the volume, mass, and concentration in
that cell is first corrected for lateral inflow into the channel node or channel flow back on
the overland flow plane.

e The volume, mass, and concentration are then adjusted for precipitation, point sources,
and exfiltration.

e Uptake and decay rates are calculated in each node, solids only, as described in the next
section.

e Infiltration, dispersion, decay and advection in the x- and y-directions are computed using
an alternating direction explicit ADE-PC, which proceeds in the following manner.

o Changes in cell volume, mass and concentration due to infiltration, decay, and
advection and dispersion in the y-direction are first computed using values at the n
time level.

o Intermediate values of volume and concentration at the n+1/2 time level are
computed based on the mass changes at the n time level.

o An average of the values of volumes and concentrations at the » time level and the
intermediate values at the n+17/2 time level are used to compute new values of
concentration at the n+1/2 time level.

o Changes in mass and concentration due to infiltration, decay, and advection and
dispersion in the y-direction are computed using the new values of concentration at
the n+1/2 time level.

o Final values of concentration at the n+1/2 time level are computed based on the final
mass fluxes computed at the n+17/2 time level.

o The preceding steps are repeated for the x-direction, yielding values of concentration
at the n+/ time level. To avoid any directional bias, the order of solution, first y and
then x, or first x and then y, changes every time-step.
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When solids are being transported, there is no loss or gain of the solids as water infiltrates,
evaporates, rains, or exfiltrates, but the concentration of solids in the cell is modified in response
to the reduction in the volume of water in the cell.

Uptake — Erosion. Though the physics of erosion on the overland flow plane are not well
described, noncohesive particles are thought to erode due to the hydraulic properties of flow and
rainfall impact. However, in order to test the overall model formulation, some currently applied
methods of computing overland erosion are incorporated into the model.

In overland flow simulations, the erosion is typically described in terms of the transport capacity,
the amount of sediment that can be transported under the given hydraulic conditions. As
reviewed by Julien and Simons (1985), transport capacities are typically of the form of the
original Kilinc-Richardson equation (Kilinc and Richardson 1973):

qs — 25500q24035si4664 (4)

where the factor 25,500 is an empirical constant, g, is the sediment unit discharge (ton m's')g
is unit discharge (m® s') and S, is the land surface slope.

Julien (1995) modified the original Kilinc-Richardson equation to allow the transport capacity to
be computed with conditions of nonuniform flow with consideration of soil and land-use specific
factors to compute the transport capacity (tons m™ s):

2035 gloos E*C* P
q, =25500¢"S 015 (5)
where:
¢ = unit discharge (m”s™)
Sy = friction slope (dimensionless)
E = soil erodability factor, with values ranging from 0 to 1
C = soil cropping factor (0-1)
P = conservation factor (0-1)

In CASC2D-SED (Johnson et al. 2000; Sanchez 2002) and previous versions of GSSHA, this
transport capacity is computed in both the x- and y-directions and then used to transport
deposited and parent materials, proportional to available, in each direction. The transport
capacity is always satisfied.

For inclusion into the preceding general transport equations, the transport capacity must be
changed into an erosion coefficient. Because determining the interdependent factors E, C, and P
is difficult (Ogden and Helig 2001), they are combined into a single coefficient, Fe ode,
representing the overall erodability of soils. The x and y components of both unit discharge, g,
and friction slope, S;; are used to compute the magnitude of total transport capacity in the Kilinc-
Richardson equation. When divided by the grid size, Ax, an uptake rate, Kzake, (g m?s")is
provided to be used in the general transport equations. The final equation is:
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25500 2.035 ¢1.664 F‘d
K — S eroae 6
v = 1102:10° 1 O 0.15A ©

Alternately the uptake rate for each particle class being simulated may be computed from the
Engelund-Hansen equation (Engelund and Hansen 1967) as:

1/2

3/2

K o = O'OSFerode }/sz dSO [ TO :l (7)

uptake
Ax g(L _ 1) (75 - 7/f )dso

S

where
v = magnitude of flow velocity (ms™)
dsp = median particle size for each class specified (m)
g = acceleration of gravity (m s™)
¥ = specific weight of the fluid (N m>)
% = specific weight of the particle (N m™)
7y = bed shear stress (N m™?), computed as:

7, =7,hS, (8)
where: 4 is the depth of water in the cell of interest (m) which may range from less than a

centimeter in areas of sheet flow to perhaps one meter in concentrated flow areas. The velocity
in the cell can be computed from the x and y components of unit discharge as:

=) (5]

According to Govers (1990), transport does not occur unless the stream power, €2, is greater than

0.004 ms™. Therefore, for the Engelund-Hansen equation, K,k = 0 for € < 0.004. The stream
power is computed as:

Q=vs, (10)

Erosion due to rainfall impact is simulated as described by Dario (2002). When total erosion is
calculated, as in the Kilinc-Richardson equation, the amount of erosion of each particle size is
determined from the fractions of particles available in the parent material. For cells with
deposited materials, these materials are eroded first, then any additional erosion that occurs is
from the parent material. The distribution of particles in the deposited materials is likely
different, and tracked separately, from the parent material. Particles are tracked according to size
(as specified), location (which cell), and status (parent material, in suspension, or deposited).
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Maximum Concentration. Uptake mass is limited by the maximum concentration that the
fluid can transport. This can be taken as a concentration equal to the specific gravity of the
particle times the water density, or computed from a variety of methods. As implemented in
KINEROS (Woolhiser, Smith, and Goodrich 1990), the Engelund-Hansen equation can be used
to determine the maximum concentration, Cy,,y, (g m> ) for each sediment as:

S h
C_ = ODSSGPZ == (Q-0.004) (11
dso(SG_l) g

where SG is the specific gravity of the particles, and p is the density of water at 20° C (g m™).

These equations are included because they have some general applicability and acceptance and
some method of estimating erosion uptake rate and maximum concentration is needed to allow
the overall method to be tested.

Decay — Deposition. Deposition is controlled by particle shape, size (ds), specific gravity
(SG), and the properties of the fluid that the particle is settling in. For particles larger than 1 mm,
the settling velocity, vs (m s™) is (Julien 1995):

an:%;thr00139df—4] (12)

where
v = kinematic viscosity of the fluid (m? s™)
d = median particle size, dso (m)
d+ = dimensionless particle diameter, computed as:

2

d. = d{(SGV—_I)g} (13)

For particles smaller than 1 mm, the Stokes equation is used:

d> 7~
w=2 . (14)
Bv 7,
The kinematic viscosity of water depends on water temperature. For long-term simulations,
where hourly values of air temperature are provided, overland water temperature is assumed to

be equal to the air temperature. For single event simulations the water temperature is specified,
20° C is the default value.

In the general transport equations previously described, deposition is treated as decay. The
decay rate Kjecay (s'l) is calculated each time-step as:
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K, =Y (15)

decay h

REACTIVE TRANSPORT: Although the schemes described in this technical note were
developed for transport of sediments, the techniques employed are general and the same methods
could be used to simulate the fate and transport of dissolved reactive constituents. For simple
first order reactions, the decay rates (K) would reflect decay rates for the loss of the reactive
constituent. For complex higher order reactions with multiple subspecies and transformations
between these species, the change in mass due to multiple reactions (K¥) could be calculated
outside the GSSHA model and passed back to the reactive transport routine. This approach
would allow any number of subspecies to be accounted for without adding undue complexity to
the basic GSSHA formulation.

SUMMARY: The GSSHA model has been modified to allow the transport and fate of
constituents on both the overland flow plane and within the stream network with the general
transport equations. The user specifies the number and properties of constituents to be
simulated. The uptake of constituents from the overland flow plane and loss of materials in
either the overland flow plane or stream network is simulated as first order reactions. For solids,
sediments, erosion by any means, hydraulic or due to rainfall impact, is converted into an uptake
rate. Deposition is calculated as a decay rate. These uptake and decay rates are computed in
each grid, during each time-step. The method allows sediments to erode in one cell, be advected
to downstream cells, and be deposited in either the cell of origin or in downstream cells. Erosion
can be simulated for extended periods, allowing the trends in erosion and deposition, and
resulting morphological changes in the watershed to be tracked. Ongoing research will identify
the important processes in erosion, transport, and deposition providing improved estimates of
erosion rates and sediment redistribution on the landscape.

ADDITIONAL INFORMATION: This SWWRP technical note was prepared by Dr. Charles W.
Downer and Aaron Byrd, Coastal and Hydraulics Laboratory, U.S. Army Engineer Research and
Development Center. The study was conducted as an activity of the Regional Sediment
Management work unit of the System-Wide Water Resources Program (SWWRP). For
information on SWWRP, please consult https://swwrp.usace.army.mil/ or contact the Program
Manager, Dr. Steven L. Ashby at Steven.L.Ashby@erdc.usace.army.mil. This technical note
should be cited as follows:

Downer, C. W., and A. R. Byrd. 2007. Watershed scale TMDL model: Multi-
dimensional sediment erosion, transport, and fate. ERDC TN-SWWRP-07-1.
Vicksburg, MS: U.S. Army Engineer Research and Development Center.
https://swwrp.usace.army.mil/

10



ERDC TN-SWWRP-07-1
January 2007

REFERENCES

Dario, J. A. 2002. Assessing the effects of rainfall kinetic energy on channel suspended sediment concentrations for
physically-based distributed modeling of event-scale erosion. Master’s thesis, University of Connecticut.

Downer, C. W., F. L. Ogden, J. Neidzialek, and S. Liu. 2005. GSSHA: A model for simulating diverse streamflow
generating processes. In Watershed models. V. P. Singh and D. Frevert, CRC Press.

Downer, C. W., and F. L. Ogden. 2004. GSSHA: A model for simulating diverse streamflow generating processes.
Journal of Hydrologic Engineering 9(3): 161-174.

Engelund, F., and E. Hansen. 1967. 4 monograph on sediment transport in alluvial streams. Teknisk Forlag,
Copenhagen, 62 pp.

Govers, G. 1990. Empirical relationships for the transport capacity of overland flow. Erosion, Transport and
Deposition Processes (Proceedings of the Jerusalem Workshop, March-April 1987). IASH Publication No. 189,
45-63.

Johnson, B. E., P. Y. Julien, D. K. Molnar, and C. C. Watson. 2000. The two-dimensional upland erosion model
CASC2D-SED. J. Am. Water Resour. Assoc. 36: 31-42.

Julien, P. Y., and D. B. Simons. 1985. Sediment transport capacity of overland flow. Trans. Am. Soc. Agric. Eng.
28: 755-762.

Julien, P. Y. 1995. Erosion and sedimentation. New York: Press Syndicate of the University of Cambridge..

Kilinc, M., and E. V. Richardson. 1973. Mechanics of soil erosion from overland flow generated by simulated
rainfall. Hydrology Papers No. 63, 80523, 1973. Fort Collins, CO: Colorado State University.

MacCormick, R. W. 1971. Numerical solution of the interaction of a shock wave with a laminar boundary layer.
Proc. Second Int. Conf. Num. Methods Fluid Dyn., Lect. Notes Phys. 8: 151-161.

Ogden, F. L., and P. Y. Julien. 2002. CASC2D: A two-dimensional, physically-based, hortonian, hydrologic model.
In Mathematical models of small watershed hydrology and applications. V. J. Singh and D. Freverts, ed. ISBN
1-887201-35-1, 972 pp. Littleton, CO: Water Resources Publications.

Ogden, F. L., and A. Heilig. 2001. Two-dimensional watershed-scale erosion modeling with CASC2D. in
Landscape erosion and evolution modeling. R. S. Harmon and W. W. Doe 111, ed. ISBN 0-306-4618-6, 535 pp.
New York: Kluwer Academic Publishers.

Sanchez, R. R.. 2002. GIS-based upland erosion modeling, geovisulization and grid size effects on erosion
simulations with CASC2D-SED. Ph.D. diss., Colorado State University.

Woolhiser, D. A., R. E. Smith, and D. C. Goodrich. 1990. KINEROS, A kinematic runoff and erosion model:
Documentation and user manual. U.S. Department of Agriculture, Agricultural Research Service, ARS-77,
130 pp.

NOTE: The contents of this technical note are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such products.

11



	PURPOSE
	BACKGROUND
	METHODOLOGY
	GENERAL TRANSPORT EQUATIONS
	REACTIVE TRANSPORT
	SUMMARY
	ADDITIONAL INFORMATION
	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


