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Abstract 
The South Fork Noyo River (SFNR) watershed in coastal northern California contains large 
volumes of historic sediment that were delivered to channels in response to past logging 
operations. This sediment presently is stored beneath historic terraces and in present-day 
channels. We conducted geomorphic mapping on the SFNR valley floor to assess the volume 
and location of sediment associated with pre-historic terraces, historic terraces, and the active 
channel along four 1-mi-long stream reaches. Additionally, we established ten streamflow and 
suspended sediment sampling locations to monitor water and sediment discharges. We 
estimate 158,000 yds3 of sediment stored in the active channel, and 68,000 yds3 of sediment 
stored beneath historic terraces. These volumes are an order of magnitude less than the 
volumes estimated for pre-historic terraces. The present-day channel sediment is stored 
presently in large gravel bars and is mobilized primarily during winter flood events. 
Based on channel mapping and hydrologic data, we infer that the largest suspended sediment 
loads are spatially coincident with the locations of the greatest amounts of stored channel 
sediment. Re-mobilized historic sediment appears to increase suspended sediment load, and 
may be a significant, previously unrecognized sediment source. Thus, accurately mapping and 
quantifying channel deposits is a critical step for assessing sediment budgets, especially in 
Total Maximum Daily Load (TMDL) studies attempting to relate upslope management to 
suspended sediment production. 
 

Introduction 
The South Fork Noyo River is a major tributary of the Noyo River, which drains 

to the Pacific Ocean at the town of Fort Bragg in coastal Mendocino County, 
California (fig. 1). The watershed has been heavily impacted by widespread clearcut 
logging over the last century. As a consequence, large volumes of sediment have 
been delivered to watercourses within the basin. Management practices conducted 
following the 1973 Forest Practice Act have contributed to a decrease in the rate of 
sediment delivery, although, large volumes of sediment continue to affect the ecology 
of the watershed (USEPA 1999). Historically, large populations of coho salmon and 
steelhead reproduced in the river (Brown and others 1994). Drastically declining fish 
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populations over the past several decades (CDFG 1995a, 1995b) have raised 
concerns over the cumulative impacts of sediment on water quality, fish habitat, and 
the aquatic environment. 

 
 
Figure 1—Drainage map of the South Fork Noyo River watershed showing detailed 
geomorphic mapping locations, reconnaissance mapping reaches, suspended 
sediment sampling locations, cross section locations, watershed boundary, and 
property boundary of Jackson State Demonstration Forest. 
 

In response to these concerns, the Noyo River watershed was listed as a 
sediment impaired waterbody and included in the 1998 Section 303(d) list adopted by 
the State of California North Coast Regional Water Quality Control Board. In 1999, 
the Environmental Protection Agency (EPA) established the Noyo River TMDL for 
sediment, and identified sediment loading allocations aimed at improving water 
quality criteria for sediment. Accurately determining sediment loads for large 
watersheds is non-trivial, and office-based estimates are often associated with large 
uncertainties. The EPA acknowledges that large uncertainties in sediment 
input/storage estimates may be due to incompatibilities between field and office-
based analyses (USEPA 1999). We believe that field-based sediment storage 
estimates are needed to improve office-based estimates. Thus, quantifying reasonable 
ranges of sediment input from, and storage in, these watershed sources is critical to 
understanding the sediment transport processes within the SFNR watershed, and to 
evaluating the long-term impacts of sediment transport within the SFNR ecological 
system. 

The primary objectives of this assessment are to: (1) collect basic data on 
volumes of sediment stored and transported within the SFNR watershed over the past 
approximately 110 years, and (2) collect present-day stream flow and sediment 
transport data from the main stem SFNR and its major tributaries. These data provide 
information on long- and short-term storage and transport within the SFNR 
watershed and illustrate the importance of field-based information in sediment budget 
analyses. 
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Approach and Methods 
We assessed the historic and current influences on channel morphology by 

conducting detailed geomorphic field mapping along four stream reaches (Areas A, 
B, C and D; fig. 1). Within these study reaches, we developed detailed geomorphic 
maps of current channel conditions showing the locations of fluvial terrace, gravel 
bar, and channel deposits. For field mapping, a string line painted at 25 foot intervals 
was tied tight along a straight line of sight in the channel thalweg. The compass 
bearing of the string line was plotted on the field map and tape and compass methods 
were used to map the dimensions of geomorphic units.  

The field maps were converted into a Geographic Information System (GIS) 
format and used to calculate the area of all of the mapped deposits. These data were 
combined with field observations of deposit thickness to estimate the sediment 
volume for each deposit. Cumulative terrace and channel storage volume for each 
stream reach was calculated as a sum of individual terrace and channel deposits. 
Sediment thickness is the largest source of error in estimating storage volume. 

Individual terrace and gravel bar deposit thickness was assumed to be the 
distance from the deepest scour in the active channel to the top of the surface. Field 
evidence used to determine the minimum thickness of channel storage included the 
depth of scour pools, depth measured at the downstream side of debris dams, the 
diameter of logs partially buried in the channel, and where available, the surface of 
bedrock. We infer that the estimates of the sediment volume associated with channel 
deposits represent minimum reasonable values. Additionally, because information 
usually is not available on the depth to bedrock beneath gravel bar or historic terrace 
deposits, we estimate thickness for these deposits as the sum of the sediment 
thickness estimated in the channel and the height of the respective surface. Because 
of this, estimates of the sediment volume associated with gravel bars and historic 
terraces combined represent minimum storage values associated with the active 
channel. In addition, sediment volume was quantified similarly in channel reaches 
between the detailed stream reaches (Areas E, F, and G; fig. 1), with the exception 
that surface area was estimated using pace measuring techniques.  

To assess present-day hydrology and sediment transport within the major sub-
watershed areas in the SFNR watershed, we established ten streamflow and 
suspended sediment sampling locations (numbered 1 to 10, fig. 1) and monitored 
these stations through WY2001. A standard staff plate and fence posts driven into the 
streambed were used to measure stream flow stage. Continuous stage recorders with 
pressure transducers were installed at four locations (Sites 1, 5, 9, and 10; fig. 1). 
Stream flow measurements were taken at all sites with a Price AA or Pygmy current 
meter and an AquaCalc 5000-Advanced Stream Flow Computer. Depth-integrated 
turbidity and suspended sediment sampling was performed at most locations. At 
locations where it was not possible to get a true depth-integrated sample, grab 
samples or modified depth-integrated samples were taken. The streamflow and 
sediment data were used to develop relations between stage, discharge, suspended 
sediment load, suspended sediment concentration, turbidity, and suspended sediment 
load per unit area (Koehler and others 2001). Total suspended sediment loads 
calculated for each sampling station were used to compare sediment loads between 
sub-watershed basins and to assess present-day sediment transport through the 
watershed. 
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Results 
Locations and Amounts of Stored Sediment  

Within each study area along the SFNR, we identified three distinct geologic 
map units, including deposits associated with pre-historic terraces, historic terraces, 
and the active channel (fig. 2). Pre-historic terraces were identified by the presence of 
old-growth redwood stumps in growth position on the terrace surface. This map unit 
approximates the terrace configuration in the SFNR watershed prior to logging 
initiation in the late 1800s. Bedrock strath exposures along the channel margin 
indicate that the terraces are associated with three to eight feet of sediment, which 
probably is in permanent storage on the basis of deep incision (five to 20 feet). 
Historic terraces were delineated based on the presence of chainsawed logs within 
terrace deposits and an absence of old-growth stumps. Based on abundant logging 
debris only in historic terrace deposits, we infer that the historic terraces represent the 
maximum amount of channel aggradation that has occurred since the initiation of 
logging. Historic terraces are most common near the confluence of major tributaries 
(fig. 1). The deposits associated with these terraces are approximately three to six feet 
thick. The terraces are a relatively constant height along the stream profile and are 
inset into pre-historic terraces and bedrock. Sediment stored in historic terrace 
deposits is subject to bank erosion but is trapped primarily in long-term storage.  

 
Figure 2—A) Schematic sketch of typical South Fork Noyo River channel showing 
valley margin, prehistoric terrace, historic terraces, gravel bar, and channel. Historic 
terrace deposits are observed on bedrock in some locations (left) and on channel 
deposits in other locations (right). Old growth redwood stumps are diagnostic of 
prehistoric deposits and embedded chain-sawed logs are diagnostic of historic 
deposits. Prehistoric terraces typically support second-growth redwood trees and 
ferns, historic terraces typically support alder trees and grasses. B) Detailed geologic 
map of mapping area D. 

374 USDA Forest Service Gen. Tech. Rep. PSW-GTR-194. 2007. 



Session 8—Mapping Sediment Distribution—Koehler, Kelson, Matthews, Kang, and Barron 

Active channel deposits exist throughout the study area, but are more extensive 
in downstream locations (Areas B, D, and E on fig. 1). These deposits are composed 
of both gravel bar and channel deposits. Channel deposits are submerged by the river 
throughout the year and range in thickness from approximately 0.5 to four feet, with 
occasional pockets as deep as 10 feet. Gravel bar deposits are submerged only during 
storm events, and range in thickness from approximately 0.5 to three feet. Based on 
the presence of chainsawed logs buried in the channel, we infer that the active 
channel deposits post-date the initiation of logging in the SFNR and represent 
transport of historic sediment.  

Table 1 summarizes the total volume of each type of deposit within the detailed 
and reconnaissance mapping areas. Because individual mapping areas are different 
sizes, the total volume associated with each deposit in each stream reach is averaged 
over river distance for comparative purposes (table 2). Figure 3 shows active channel 
storage and historic terrace storage volumes for each stream reach. Map Areas A, F, 
and G have similar active channel storage (less than 13,300 yds3/mile), whereas 
Areas B, C, D, and E have active channel storage of more than 20,000 yds3/mile. 
Historic terrace sediment distribution is similar for areas D, E, F, and G (less than 
5,000 yds3/mile), however areas A, B, and C have considerably more stored historic 
terrace sediment (table 3 and fig. 3). Overall, the volume of sediment stored in the 
active channel is much more than the volume of the historic terrace deposits, with the 
exception of Area A. These data show that a large amount of the sediment in the 
SFNR watershed is stored along the main channel downstream of the North Fork of 
the SFNR. From these relations, we infer that there has been sufficient time since the 
logging operations and subsequent terrace deposition to erode the historic terrace 
deposits and redistribute this material downstream. We also infer that the combined 
volume of sediment stored in the active channel and historic terrace locations 
represents the minimum amount of material introduced to the South Fork Noyo river 
system by logging operations.  

Table 3 shows the total post-logging sediment (in other words, active channel 
and historic terrace) remaining in the SFNR study area. The total post-logging 
sediment volume in storage over the entire study area is estimated at 225,000 yds3 or 
approximately 22,000 yds3/mile (table 3). Areas F and G, which contain the least 
post-logging sediment, are located directly upstream of the confluence of the SFNR 
and the North Fork of the SFNR, and have bedrock exposed along much of their 
distance. The scarcity of historic terrace remnants and the low volume of active 
channel sediment within Areas F and G imply that much of the post-logging sediment 
has been transported downstream. This relationship may be related to the narrow 
confined valley (between pre-historic terraces) in Areas F and G and the 
comparatively wider valleys in Areas B, D, and E. Alternatively, the low sediment 
storage in Areas F and G may be related to a lesser amount of debris left by past 
logging operations. Notably, areas directly downstream from Areas F and G (in other 
words, Areas C and A, respectively) have considerably more post-logging sediment 
in storage than the stream reaches located directly upstream (Areas G and F, 
respectively). This probably is related to a wider channel in Area C, and a channel 
confluence in Area A. 

Present-Day Hydrology WY2001 
Streamflow measurements and sediment transport data included most of the 

significant storm events in WY2001, although few large storms provided relatively 
few opportunities to collect high-flow discharge measurements and sediment 
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samples. One hundred and fifteen sediment transport measurements were made at the 
10 sampling stations in WY2001 (Koehler and others 2001). Table 4 shows the total 
suspended sediment load (tons) and the unit rate (tons/mi2) for each sampling station, 
and figure 3 shows the suspended sediment load distribution. Suspended sediment 
loads computed for each sampling station ranged from 14 tons at the mouth of Bear 
Gulch (Site 7, fig. 1) to 685 tons on the SFNR at the downstream end of the study 
area (Site 1, fig. 1). Total suspended sediment load increased downstream as the 
drainage area increased from Bear Gulch (Site 7) through the SFNR at Site 4. 
However, between this site and the mouth of Kass Creek suspended sediment load 
dramatically increased from 12.5 to 25.4 tons/mi2, suggesting that a readily mobilized 
source of sediment exists within this stream reach. We infer that the source for this 
sediment is the large volume of sediment stored in the active channel that is 
remobilized during storm events. 

 
Table 1—Total volume of sediment stored in active channel deposits, historic terrace 
deposits, and pre-historic terrace deposits for each detailed mapping area (Area A-1 to Area 
D) and reconnaissance mapping area (Area E to Area G). 
 

Active channel deposits 
(yds3) *

Stream 
reach 

River 
dist. 

(miles) Gravel 
bar 

deposits 
(yds3) *

Channel
deposits 
(yds3) Ø

Total active 
channel 
deposits 
(yds3) *

Historic 
terrace 
deposits 
(yds3) *

Pre-
historic 
terrace 
deposits 
(yds3) * ≠

Area A-1 1 3,900 5,400 9,300 19,200 199,400 
Area A-2 0.3 500 700 1,200 1,300 N.D. ∞
Area B-1 0.5 5,500 4,400 9,900 4,500 68,300 
Area B-2 0.4 5,400 3,300 8,700 3,200 82,300 
Area B-3 0.4 5,700 4,400 10,100 4,300 34,100 
Area C 0.8 9,700 7,100 16,800 10,100 26,100 
Area D 0.8 9,500 7,200 16,700 2,700 44,500 
Area E 2.2 29,500 26,700 56,200 7,000 3,316,300 
Area F-1 0.4 1,600 2,000 3,600 1,800 22,100 
Area F-2 0.3 100 600 700 0 3,700 
Area F-3 1.9 8,300 4,600 12,900 6,200 93,500 
Area G 1.5 4,500 7,000 11,500 7,600 65,900 
All areas 10.27 84,200 73,400 157,600 67,900 3,956,200 
* Reported values represent minimum potential storage volume due to uncertainties in terrace thickness 
at the back edge of the deposit. 
Ø Reported values represent minimum storage volume. 
≠ Pre-historic terrace sediment volumes are based on an assumed 5 foot thickness except for Area A 
which is calculated based on 4 foot thickness determined from field observation. (Range of depth error 
is +/- 3 feet).  
∞ N.D.; no data. Prehistoric terrace volume for Area A-2 is included in the volume calculated for A-1. 
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Table 2—Sediment storage in active channel deposits, historic terrace deposits, and pre-
historic terrace deposits averaged per river mile for each detailed mapping area (Area A-1 to 
Area D) and each reconnaissance mapping area (Area E to Area G). 
 

Active channel deposits 
(yds3/mile)*

Stream 
reach 

River 
dist. 

(miles) Gravel bar 
storage 

(yds3/mile) *

Summer 
channel 
storage 

(yds3/mile)Ø

Total active 
channel 
storage 

(yds3/mile)*

Historic 
terrace 
deposits 

(yds3/mile) *

Pre-historic 
terrace 
deposits 

(yds3/mile)*

Area A-1 1 3,900 5,400 9,300 19,200 199,400 
Area A-2 0.3 1,600 2,300 4,000 4,300 N.D.∞
Area B-1 0.5 11,000 8,800 19,800 9,000 136,600 
Area B-2 0.4 13,500 8,300 21,800 8,000 205,800 
Area B-3 0.4 14,300 11,000 25,300 10,800 85,300 
Area C 0.8 12,100 8,900 21,000 12,700 32,600 
Area D 0.8 11,900 9,000 20,900 3,400 55,600 
Area E 2.2 13,400 12,100 25,500 3,200 1,507,400 
Area F-1 0.4 4,000 5,000 9,000 4,500 55,300 
Area F-2 0.3 300 2,000 2,300 0 12,300 
Area F-3 1.9 4,400 2,400 6,800 3,300 49,200 
Area G 1.5 3,000 4,700 7,700 5,100 43,900 
All Areas 10.3 8,200 7,100 15,300 6,600 384,100 
* Reported values represent minimum potential storage volume due to uncertainties in terrace depth at 
the back edge of deposit. 
Ø Reported values represent minimum storage volume. 
∞  N.D.; no data, pre-historic terrace volume for Area A-2 is included in the volume calculated for A-1. 

 
Table 3—Total amount of post-logging sediment remaining in the South Fork Noyo River 
and tributaries by stream reach.  The values represent the sum of sediment stored in the active 
channel and historic terrace deposits. 
 

Stream 
reach 

River 
distance 
(miles) 

Total volume of post-
logging sediment 

(yds3)*

Total volume of post-logging 
sediment averaged for river 

distance (yds3/mi) *

Area A-1 1 28,500 28,500 
Area A-2 0.3 2,500 8,300 
Area B-1 0.5 14,400 28,800 
Area B-2 0.4 11,900 29,800 
Area B-3 0.4 14,400 36,000 
Area C 0.8 26,900 33,600 
Area D 0.8 19,400 24,200 
Area E 2.2 63,200 28,700 
Area F-1 0.4 5,400 13,500 
Area F-2 0.3 700 2,300 
Area F-3 1.9 19,100 10,100 
Area G 1.5 19,100 12,700 
All Areas 10.3 225,500 21,900 
*Reported values represent minimum potential storage volume. 
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Figure 3—Schematic box diagrams of the South Fork Noyo River showing; A) total 
volume of historic terrace storage in yds3/mile, B) total volume of active channel 
deposits in yds3/mile, and C) total suspended sediment for each sampling station in 
tons. 
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Table 4—WY 2001 total suspended sediment load (SSL) in tons and tons per square mile for 
each sampling station. 
 

Station Number Area (mi2) SSL (tons) Unit SSL (tons/mi2) 
1 27 685 25 
2 2.21 29 13 
3 25 632 25 
4 22 273 13 
5 9.9 129 13 
6 12 122 10 
7 1 14 13 
8 9.2 68 7 
9 4.4 40 9 

10 3.7 39 11 

Discussion  
Our detailed channel mapping identified 158,000 yds3 of sediment stored in the 

active channel and 68,000 yds3 of sediment stored in historic terraces (table 2). This 
sediment likely is mobilized during winter storm flows. The greatest amount of active 
channel storage occurs between Kass Creek and the mouth of the North Fork SFNR 
(Areas B, D, and E). In contrast to upstream areas, suspended sediment measured in 
this area showed a dramatic increase in the volume of sediment produced, where 
approximately 360 tons of suspended sediment were delivered from only 2.9 mi2. 
Thus, the greatest amount of stored channel sediment is spatially coincident with the 
location of the largest amount of suspended sediment load (fig. 3).  

The source for this suspended sediment is most likely sediment stored in the 
active channel that is re-mobilized during storm events, rather than eroded from 
historic terrace deposits. The volume of sediment stored in historic terraces along this 
reach (Areas B, D, and E; figs. 1 and 3) is less than along reaches upstream, 
suggesting that suspended sediment eroded from historic terraces by bank erosion is a 
minor component of the total suspended sediment load. We interpret that other 
possible sources of suspended sediment load (in other words, landslides, road 
erosion) are minor contributors, based on scarcity of slides along the channel margin 
and adjacent side slopes, and the consistent road density in the area. Thus, land 
management practices probably do not cause the relatively high suspended sediment 
load in Areas B, D, and E. 

Short-term sediment budgets, evaluated over decadal time scales, generally rely 
on the assessment of sediment inputs determined from inspection of multiple sets of 
aerial photographs and limited field observation. The office-based sediment budget 
approach for the Noyo River TMDL, which included the SFNR, states that fluvial-
induced alluvial storage change is a relatively minor term in the overall sediment 
budget (USEPA 1999). However, the TMDL notes that the discrepancy between 
inputs and outputs in the Noyo River watershed may be a result of sediment input 
volume errors or time lags from sediment delivery to transport through the system. In 
contrast to previous assumptions, our sediment storage and transport study shows that 
the amount of sediment stored in the SFNR for various lengths of time has a major 
influence on the assessment of the present-day sediment transport and the short-term 
sediment budget.  

The addition of suspended sediment eroded from active channel deposits to 
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watercourses appears to result in a dramatic increase in the overall suspended 
sediment load. Areas that contain large amounts of sediment stored in active channels 
likely are large contributors to the suspended sediment measured during present-day 
high-discharge events. Therefore, this research has demonstrated that the amount of 
sediment in long-term storage is a significant contributor to short-term suspended 
sediment load. Clearly, a distinction must be made between the amount of sediment 
introduced to the system over the short-term and the amount of sediment re-
introduced to the system from long-term channel storage locations.  

Future field-based sediment budget analyses for watersheds in the North Coast 
will benefit from accurate mapping and quantification of channel deposits. An 
understanding of the volume and timing of sediment stored in the channel is 
necessary to relate upstream management practices to suspended sediment production 
and to evaluate cumulative effects. By not addressing long-term sediment storage and 
relying solely on present-day suspended sediment sampling, suspended sediment load 
entering the watercourse by modern management practices can be substantially over-
estimated. 

Conclusions 
We assessed the volume of past and present sedimentation within the SFNR by 

quantifying the volume associated with pre-historic terraces, historic terraces, and the 
active channel in four detailed mapping reaches and three reconnaissance surveys. 
Additionally, we assessed present day streamflow and sediment transport throughout 
the SFNR watershed by establishing and monitoring a stream gauge network for WY 
2001. 

Total post-logging sediment volume (active channel and historic terrace) in 
storage over the entire study area is estimated at 225,000 yds3 or approximately 
22,000 yds3/mile. Comparison of the volume associated with historic terraces and the 
volume associated with the active channel indicates that a large portion of the 
sediment originally deposited in historic terraces has been eroded and transported 
downstream. A significant portion of this sediment presently is stored in the lower 
SFNR channel between its confluence with the North Fork of the SFNR and the 
mouth of the SFNR.  

Suspended sediment loads computed for each sampling station ranged from 14 
to 685 tons. Overall, most sites produced sediment at a fairly consistent rate with 
discharge, although a large increase in sediment transport occurred between the 
mouth of the North Fork SFNR (Site 4) and the site upstream of Kass Creek (Site 3). 
This implies that significant sources of readily accessible sediment are located in this 
reach. This readily accessible sediment is most likely the active channel sediment 
stored in Areas B, D,and E. 

The detailed maps and hydrologic data produced in this research provide a snap-
shot of the distribution of stored sediment and present day sediment transport within 
SFNR. These data represent a baseline datum from which to monitor future channel 
recovery and assess the effects of upslope management practices. This research 
suggests that past logging practices contributed many thousands of cubic yards of 
sediment to channels in the SFNR watershed, and that the river has the ability to 
transport this material downstream. This research also demonstrates the need for an 
understanding of in-channel sediment storage and transport for relating upslope forest 
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management practices to suspended sediment load. 

Acknowledgments 
This research was supported by the State Forest Research and Demonstration 

Program (RFP # 8CA99038) of the California Department of Forestry and Fire 
Protection (CDF). We thank Tim Robards (CDF-Sacramento) and Bill Baxter (CDF-
Fort Bragg) for logistical support throughout the project. 

References 
Brown, L.R.; Moyle, P.B.; Yoshiyama, R.M. 1994. Historical decline and current status of 

coho salmon in California. North American Journal of Fisheries Management (4)2: 
237-261. 

California Department of Fish and Game (CDFG). 1995a. Stream Inventory Report: South 
Fork Noyo River, Northern California and North Coast Region. Fortuna, California. 

California Department of Fish and Game (CDFG). 1995b. Stream Inventory Report: Parlin 
Creek, Northern California and North Coast Region. Fortuna, California. 35 p. 

Environmental Protection Agency (USEPA). 1999. Noyo River Total Maximum Daily 
Load for Sediment: Region IX Water Division. San Francisco, California. 82 p. 

Koehler, R.D.; Kelson, K.I.; Matthews, G.; Kang, K.H.; Barron, A.D. 2001. Sediment 
storage and transport in the South Fork Noyo River watershed, Jackson State 
Demonstration Forest: Final Technical Report to California Department of 
Forestry and Fire Protection. Sacramento, California. Contract # 8CA99253. 80 p. 

 

USDA Forest Service Gen. Tech. Rep. PSW-GTR-194. 2007. 381 


	Approach and Methods
	Results
	Locations and Amounts of Stored Sediment 
	Present-Day Hydrology WY2001

	 
	Discussion 
	Conclusions
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


