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be routed by the vineyard drainage system.  The Drainage Nodes  are shown in Figure 6.  
Soils data, vegetative cover and drainage type data used in the analysis are presented in 
Figures 7, 8, 9 and 10.  Calculated drainage areas and vegetation types for existing and 
proposed conditions and estimated design storm peak discharge for existing and proposed 
conditions and percentage change in discharge are summarized in Table 6.   
 

Table 6.  Summary of results of the runoff analysis for individual runoff nodes (see 
Figure 6) for a 2-year, 15-minute duration rainstorm of 0.44 inches.  The runoff 
coefficient (C) for existing pasture, existing cultivated areas and proposed vineyard areas  
is 0.4; for woodland areas, 0.3.  The first column identifies the vineyard drainage nodes 
analyzed.  Drainage area is rounded to the nearest acre.   

  Existing Conditions 
Proposed Project 

Conditions Peak Discharge  

Drainage 
Node 

Total 
Area 
(ac) 

Woodland  
(ac) 

Grassland & 
Cultivated 

(ac) 
Woodland 

(ac) 

Grassland & 
Cultivated 

(ac) 
Existing 

(cfs) 

Proposed  
Project 

(cfs) % change
N01 23.0 22.1 0.8 13.0 9.9 12.3 13.9 13% 
N07 41.9 41.9 0 21.6 20.3 22.1 25.7 16% 
N17 12.6 12.6 0 4.3 8.2 6.6 8.1 22% 
N20 40.8 19.6 21.2 9.4 39.1 a 25.2 25.8 b 2% b 
N26 5.8 5.8 0 1.2 4.6 3.1 3.9 26% 
N30 22.3 10.7 11.6 3.7 18.6 13.8 15.0 9% 
N31 38.8 36.1 2.7 27.1 11.7 21.0 22.5 8% 
N33 10.5 10.5 0 5.6 4.9 5.5 6.4 16% 
N35 3.5 3.5 0 0.9 2.6 1.8 2.3 24% 
N37 8.0 8.0 0 0.3 7.8 4.2 5.6 32% 
N40 6.9 6.9 0 2.3 4.6 3.6 4.4 22% 
N45 27.8 27.8 0 6.5 13.5 a 14.7 12.9 a -12% a 
N50 111.2 58.4 52.8 47.5 63.7 68.0 69.9 3% 

N20+N50 151.9 77.9 74.0 56.9 102.8 93.2 95.7 b 3% b 
N56 27.2 22.7 4.5 18.7 8.5 15.2 15.9 5% 
N60 12.1 11.9 0.3 3.9 13.2 c 6.5 11.4 c 76% c 
N61 20.8 6.1 14.7 6.1 14.7 13.6 13.6 0% 
N62 9.5 9.5 0 7.0 2.4 5.0 5.4 9% 
N63 6.6 2.5 4.1 0.1 1.5 c 4.2 1.1 c -73% c 
Total 429.2 316.5 112.7 179.4 249.8    

   Total-Reservoir Filling 246.5 263.9 b 7% b 
   Total-Reservoir Full, No Spill 246.5 270.6  10%  

 
Notes 
a.  7.8 acres of contributing area in Drainage Node 45 is diverted to Drainage Node 20 for 
reservoir supply. 
b.  Assumes 6.7 cfs of peak flow (pump capacity of 3000 gpm) diverted to reservoir at 
Node 20 with no spill from reservoir. 
c.  5.0 acres in Drainage Node 63 diverted to Drainage Node 60 for treatment in 
sedimentation basin.  
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The largest flow increase is about 76% at Drainage Node 60 and results from diversion of 
about 5 acres of runoff from its natural drainage to a proposed sedimentation basin to 
minimize potential delivery of sediment from vineyard fields to stream courses.   The 
next largest peak flow increase is 32% at Drainage Node 37, and several other drainages 
are predicted to experience peak flow increases between 20% and 30%.  These predicted 
increases result from a relatively high proportion of conversion area in the watersheds 
contributing runoff to those drainage nodes.   
 
The large decrease (-73%) at Drainage Node 63 results from the diversion of 5 acres of 
contributing area to Drainage Node 60.  The 5 acre of drainage area is a large proportion 
of the total drainage area for Drainage Node 63.  The decrease in peak flow at Drainage 
Node 45 (-12%) reflects the diversion of 7.8 acres of watershed to the reservoir collection 
system located in Drainage 20; 7.8 acres represents a modest proportion of the drainage 
area for Drainage Node 45.  
 
The project reservoir is located in the watershed of Drainage Node 20.  During the period 
of reservoir filling, runoff collected in the reservoir sump (located very near to Drainage 
Node 20) would be pumped to the reservoir at a maximum rate of 6.7 cfs (3000 gpm).  A 
small increase (2%) in design storm peak flow is predicted at Drainage Node 20 during 
periods of reservoir filling.  At Drainage Node 50, including runoff from Drainage Node 
20 (N20 + N50 in Table 6), peak flow increase is estimated to be about 3% when the 
reservoir is filling. When the reservoir is full, drainage to the reservoir sump is routed 
through from the sump to the bedrock channel at the bottom of Drainage 20.  In this 
scenario, peak flow would increase about 29% at Drainage Node 20.  At Drainage Node 
50, with the increased runoff at Drainage 20 included, peak runoff is predicted to be 
about 10%.    
 
The runoff collection system in the watershed above Drainage Node 20 will substantially 
reduce surface flows in the channel draining this area.  Under existing conditions, the 2-
yr recurrence interval design flow is about 25 cfs; under project conditions, the design 
flow would decrease to about 5 cfs.  This flow reduction is expected to substantially 
reduce channel and bank erosion in this drainage and is discussed in greater detail in the 
Erosion Analysis.      
 
Overall peak flow for the analysis area in aggregate increases about 10% if the reservoir 
is full and runoff is routed through the sump to Drainage Node 20.  If the reservoir is 
being filled, then the aggregate change in peak runoff is an increase of about 7%.   
 
A wide range of additional combinations of realistic runoff scenarios could be 
hypothesized and subjected to analysis.  The foregoing scenario describes the most likely 
conditions with a design storm (2-yr recurrence interval) believed to represent the largest 
percentage increases in peak flows and that do the most geomorphic work.  The 
perspective provided through this approach is sufficient, if not exhaustive, with regard to 
evaluating the potential significance of peak flow change associated with the proposed 
project. 
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Assessment of Drainage and Channel Sensitivity to Potential 
Peak Flow Increases  
The predicted flow changes shown in Table 6 indicate a measure of the relative potential 
for accelerated channel and bank erosion at different locations on the project site.  
Channel conditions were observed in the field in January 2002 and January 2007 
following periods of high rainfall and runoff in the preceding months.  Flow levels 
recorded at stream gauging stations in the region were near the 1.5- to 2-year recurrence 
interval for some of these rainstorms, indicating that field conditions reflected the effects 
of the design storm.   

Channel Survey Overview 
 

Field geologists surveyed all potentially significant surface drainage features intersecting 
the proposed project area boundaries in January 2007.   Site maps at a scale of 1 inch to 
250 ft developed by Erickson Engineering Incorporated (EEI) were used to guide the 
survey and record geographic observations.. Drainage features were initially identified 
through interpretation of EEI’s 10-ft contour intervals topographic map, supplemental 
maps of jurisdictional and non-jurisdictional waters and channels developed by Monk & 
Associates, and prior surveys of the site conducted by OEI in 2001 and 2005.  Drainage 
features within the scope of this field investigation included any topographic feature that 
could potentially concentrate surface runoff, including convergent topography, swales 
and existing channels.  Drainage features thus identified were enumerated on maps used 
in the field to guide surveys and to aid in the development of a system for uniquely-
identifying drainage features for future reference. 
 
All drainage features intersecting the perimeter of the project area were surveyed in the 
field.  Surveys recorded a broad range of systematic observations of the drainage feature 
from the approximate location of proposed sedimentation basins identified on EEI maps, 
or the channel head identified on EEI maps (whichever was farthest upslope), to a point 
at least 300 feet downslope. 

Channel Survey Protocol 
 
Field geologists used the EEI map to navigate the study area. Each surveyed drainage 
feature was flagged in the field with a unique identifying alphanumeric code and mapped 
at the location of the proposed sediment basin or the intersection of the drainage feature 
and the study area boundary. Field maps were annotated to document survey points. 

 
One of the chief objectives of the survey was to identify existing swales and channels and 
assess their condition at or near the proposed sediment basins and boundaries of proposed 
vineyard blocks to help assess the sensitivity of drainage features to potential increases in 
peak runoff.   The survey teams used criteria similar to, but somewhat distinct from, those 
established by the California Department of Forestry and Fire Protection (CDF) to define 
a Class III channel, and by the US Army Corps of Engineers to define jurisdictional 
waters.  The field geologists from OEI located channel heads according to definitions 
commonly in use by scientists: the presence of morphology indicating the development of 
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stream banks, which is inferred to indicate the capability of the feature to erode some of 
the hillslope material comprising the channel bed.     

 
First, the point where the axis of the drainage feature crossed the proposed sediment 
basin, or a channel head, was located.   Digital photographs were taken to document 
conditions.  From this point on, continuing down the axis of drainage, the presence or 
absence of a channel was documented; if a channel was present, the substrate, slope and 
dimensions of the channel were observed or measured as per the protocol for point 
observations described below.  Channel head locations were noted on the continuous 
observation form; for a majority of the surveys this point coincided with the beginning of 
the survey.  

 
A series of systematic observations were collected and recorded from the beginning 
(uppermost) point of the survey.  Following is a description of these observations, which 
were recorded on a one-page form (Appendix B).  The survey form had four main parts: 

1. Continuous observations,  
2. Point observations,  
3. Geomorphic observations, and  
4. General comments.   

 
The continuous and point observations are referenced to the top point of the survey.  
Point observations were initiated at the top point as described above, and then repeated at 
100 ft intervals to a point 300 ft downhill from the top point.  Distance measurements 
were accomplished using either a string-dispensing hip chain or a 300 ft reel-mounted 
flexible tape measure. In some cases, the survey continued past 300 ft to develop a more 
complete set of observations for lengthier channels on the project site, and to locate a  
transition point at which the channel substrate was either bedrock or cobbles and 
boulders.  The mean survey length was approximately 500ft. 

Continuous Observations 
Continuous observations were recorded from 0 to 300 ft using a hip chain or tape to 
determine locations along the axis of the drainage feature.  Observations were categorical 
data classifying the drainage feature according to its local morphology as summarized in 
Table 7.  The point of transition from one class to another was recorded on the data form.  
In addition, at each transition point an observation was made regarding whether or not 
local evidence of sediment transport was present.  
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Table 7.  Summary of continuous observations. 
 
Class # Drainage Feature 

Class 
Description 

1 Swale-weak 
convergence 

Weakly – moderately convergent topography. No channel. 

2 V-swale-strong 
convergence 

Strongly convergent topography. No channel 

3 Dry surface channel Banks evident > 50% of length 
4 Wetted surface 

channel/seep 
Wetted surface of flowing water with or without banks  

5 Subsurface-under wood Drainage feature covered by thick piles of slash or large logs 
6 Subsurface-soil pipes Water travels through natural soil pipes in the ground.   
7 Knick point Near vertical drop (step) in channel bed greater than 0.5 ft.  

Substrate noted. 
8 Road Drainage feature crosses road 
9 Skid trail Drainage feature crosses logging skid trail 
10 Flat Area Drainage feature crosses flat area. Flow dispersed, channel 

becomes braided  or dissipates  
11 Landslide Drainage feature passes through/ crosses landslide deposit. 
12 Channel head Channel head location per definition stated earlier in report. 

 
Point Observations 
 
Point observations were collected to characterize critical parameters of channel geometry, 
including  the active channel width, depth, slope and substrate.  The active channel is 
typically defined by the absence of vegetation and organic litter, and displays evidence of 
frequent surface flow and sediment transport.  Channel bank height and top width were 
also measured as illustrated in Figure 7.    

 
Figure 7.  Channel geometry definition sketch. 
 
Point observations were recorded at 0, 100, 200, and 300 ft from the top survey point as 
shown on the field form (Appendix B).  In cases where the survey continued past 300 ft, 
additional measurements were recorded when conditions changed from those found at the 

Bank Height

Active Channel Depth

Active 
Channel 
Width

Bank Top 
Width
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end of the 300 ft survey.  A photo was taken at each observation point to document local 
conditions.  Point observations included active channel width and depth (when a channel 
was present) and bank height and bank top width.  The slope of the axis of the drainage 
feature looking downhill was measured in units of percent with a clinometer.    
 
Channel swale substrate was observed and classified as (1) soil, (2) organic litter, (3) 
fluvial sediment, or (4) bedrock/boulders.  Soil was defined as mineral soil or colluvium.  
Organic litter was defined as a layer of organics, leaves, branches or logs, with an 
average thickness greater than 0.2 ft.  Deposits of silt, sand, gravel and cobbles define 
fluvial sediments.  Multiple substrates could be recorded for one point indicating the 
presence of a primary and/or secondary substrate.  Substrate data were ordinal and were 
subsequently interpreted with respect to the expected degree of resistance to erosion by 
concentrated surface runoff, where soil provided the least resistance and 
bedrock/boulders the greatest resistance to erosion.    
 
Geomorphic Observations 
 
Geomorphic observations were made throughout the survey and reviewed in the field at 
the conclusion of the survey to ensure that a consistent set of observations were 
completed.  Geomorphic observations focused on functional characteristics of headwater 
channels relating to  
 1) Active erosion processes,  
 2) Resistance to erosion, including 
  a) Valley-scale effects of plant roots and stems along the drainage axis and 
  b) Discrete elements channel morphology (e.g. logs), and 
 3) Effects of roads and skid trails on hydrologic processes  
The specific field observation pertaining to these functional characteristics are 
summarized below.   
 
Evidence of active erosion was typically observed in the form of discrete features 
characterized by relatively fresh, unvegetated soil surfaces lying in or adjacent to a 
channel as described in Table 8.  Erosion scarps indicating past erosion with substantial 
potential for renewed erosion were also noted.  The survey team would record the 
presence of an individual erosion feature the first time it was encountered.  The relative 
abundance of these features was noted and at the end of the survey a ranking of the top 3 
features present was given.  In some cases only one or two features were present and only 
the top two or one feature was ranked.  Hence these data identify the range and relative 
intensity of active erosion processes present.  These features would not typically be found 
in swales where no channel was present.  
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Table 8. Summary of observations pertaining to active erosion features.  
 
Erosion feature Description 
Stream banks Stream banks actively eroded as indicated by fresh, unstable soil 

surfaces, undercut banks and/or bank collapse..  
Stream bed Stream bed actively eroded as indicated by exposed fine roots 

and/or fresh exposures of underlying substrate.   
Rill or gully Erosion scars, typically located on planar or divergent topography 

and frequently associated with  roads or landslides.     
Knick point Actively eroding or relatively stable, near-vertical drop in the 

channel greater than 0.5 ft.  Face of step in channel bed composed 
of soil or colluvium. 

Erosion of road cut or fill 
slope 

Actively eroding cut or fill slope of a road or skid trail 

Landslide  Channel appears to be cutting through landslide deposits or scarp, 
or other evidence of landslide. 

 
Observations pertaining to factors that contribute to resistance to erosion by concentrated 
flow in drainage features included characterization of vegetation type in the axis of the 
drainage feature and individual elements of flow resistance found in channels.  
Vegetation observed along the axis of each drainage feature was classified into three 
groups: grass, shrubs and trees.  At the end of each survey the survey team estimated the 
percentage of the length along the drainage feature axis occupied by vegetation in each 
class.   
 
In channels, resistance elements are expected to provide local checks on stream flow, 
reducing stream velocity and promoting local deposition of sediment. The survey team 
recorded the presence of an individual erosion feature the first time it was encountered.   
Features were noted only once, even if there were multiple occurrences of a particular 
feature.  Hence these data identify the range of types of resistance elements present.  
 
Individual elements of flow resistance found in the axis of drainage features that were 
observed in surveys are summarized in Table 9.  Elements of flow resistance are expected 
to armor the drainage feature and make it less prone to erosion by surface flow in swales.  
In channels, resistance elements are expected to provide local checks on stream flow, 
reducing stream velocity and promoting local deposition of sediment. The survey team 
recorded the presence of an individual erosion feature the first time it was encountered.   
Features were noted only once, even if there were multiple occurrences of a particular 
feature.  Hence these data identify the range of types of resistance elements present.  
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Table 9.  Summary of observations pertaining to elements of flow resistance. 
 
Resistance element Description 
Stumps Tree stump located within the drainage feature axis. 
Bedrock Bedrock identified within channel axis. 
Boulders/cobbles Boulders or cobbles identified as channel substrate. 
LWD Large woody debris located along the drainage feature axis. 

 
The effect of roads and skid trails on hydrologic processes pertains to existing features in 
the project area developed primarily for past timber management.  This set of 
observations (Table 10) characterizes the degree to which past road construction affected 
drainage features and runoff or stream flow processes.  The survey team recorded the 
presence of a road feature the first time it was encountered.   Features were noted only 
once, even if there were multiple occurrences of a particular feature.  These data identify 
the range of types of road features present. 
 
Table 10. Summary of observations pertaining to effects of roads and skid trails on hydrology. 
 
Effects of Roads and Skid 
Trail on Hydrology 

Description 

Minor-only at crossing, local 
effect 

Road crosses drainage feature.  No diversion of flow along road.  
Local erosion of road prism may be present.  

Substantial-flow diversion of 
natural flow path 

Water from drainage feature is diverted onto road and away from 
natural drainage path. 

Additional flow-road/skid 
runoff increases flow 

Road concentrates additional flow into drainage feature. 

Interception of water table in 
cut slopes 

Seep or spring observed in cut slope.  Very moist soil or flowing 
water present. 
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Interpreting and Summarizing Field Data 
 
Field data were initially analyzed to determine mean values and variability around the 
mean value (See Appendix C for complete data set).  Observations of geomorphic 
processes were summarized in a manner that allows comparison of frequency.  These 
summary data were evaluated to determine whether any systematic variations in channel 
characteristics were attributable to controlling geologic or geomorphic factors such as 
distinct differences in bedrock or slope-forming processes.     

 
Distinct, systematic differences among groups of channel were not apparent. 
Consequently, channels were described and assessed individually with respect to 
sensitivity to potential peak flow increases associated with conversion of forest to 
vineyard.  To facilitate the assessment, overall mean values for all point measurement 
(slope, channel width and depth, bank height and top width and slope) for all drainages 
surveyed (Table 11) were compared to values for individual drainages.  Field data are 
summarized in Appendix C.  Mean values presented in Table 11 were calculated from 
taking the mean of the mean values for each point measurement.  

 
Table 11.  Mean and distribution of observed channel geometry.  
 

Channel characteristic Mean* 
Slope (percent) 18 
Active Channel Width (ft) 1.8 
Active Channel Depth (ft) 0.4 
Active Channel Cross Sectional Area (ft2) 0.8 
Bank Height (ft) 2.8 
Channel Top Width (ft) 5.2 
Bank-top Cross Sectional Area (ft2) 14.4 

* Calculated as the mean of means for point observations at 0,100, 200 and 300 ft. 
 

To assess sensitivity of each drainage to peak flow increase, the field data were evaluated 
with respect to evidence of fluvial erosion processes at present and likely response to 
peak flow increase.  The magnitude of expected peak flow increase (described in the 
previous section) was also considered.   
 
Indicators of erosion potential are considered as a means to assess relative erosion 
potential and sensitivity to potential peak flow increase.   The primary water quality 
concern in the Gualala River watershed is sediment, in particular fine sediment that can 
be carried in suspension over long distances to streams reaches supporting fish habitat.  
Peak flow increase and associated fluvial erosion that could potentially result from 
timberland conversion is the mechanism considered here.  The extent and degree of 
channel development can be used as indicators of erosion potential in headwater 
drainages.   
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Headwater drainages characterized as a swale, and lacking a defined channel, are 
considered to have higher sensitivity to concentrated peak flow increases (e.g. vineyard 
runoff collected in a drainage system and discharged at a point into a headwater 
drainage).  Drainages containing higher proportions of existing channel are considered 
less sensitive to such flow increases; an existing channel would already have been subject 
to fluvial erosion and would have developed some degree of stability compared to what 
my be expected in a swale exposed to concentrated flow.   
 
Furthermore, the degree of stability and erosion potential of a channel or swale would be 
indicated by the channel substrate.  Channels with boulders or bedrock forming the 
channel bed are stable with low potential for increased erosion in response to increased 
flow.  Channels with beds comprised of fluvial sediment have been previously eroded to 
some degree such that finer sediment (e.g. clay and silt) has been winnowed out of the 
bed material and coarser sediment (e.g. sand and gravel) remains on the bed.  The coarser 
bed material left on the bed resists erosion up to a peak flow, threshold, hence the bed is 
relatively resistant to erosion for a range of lower magnitude flows.  Channels or swales 
with organic litter, such as debris from trees, leaves and duff, have a substantial layer of 
material protecting underlying soil from erosion.  Finally, bare soil is vulnerable to 
erosion, and could be expected to have a higher erosion rate in response to peak flow 
increase.   
 
Another indicator of a channel’s relative sensitivity to peak flow increase in terms of 
potential increased fluvial erosion is channel cross sectional area.  Channel cross 
sectional area is proportional to flow magnitude.  Wider and deeper channels would be 
expected to be less susceptible to erosion caused by an increase in flow than a narrower 
channel; the proportion of flow increase would be less in the larger channel than in the 
smaller channel. 
 
Erosion potential could be expected to be proportional to slope, but this is frequently not 
the case in the project area.  Swales and channels with steeper slopes are potentially more 
susceptible to erosion; however, few swales and channels observed in the field have 
relatively steep slopes.  This is largely because areas proposed for vineyard development 
are located on gentle to moderate slopes lying upslope from steeper terrain.  Where the 
steeper terrain develops, there is typically sufficient drainage area and slope to support an 
energetic stream channel that has cut down to relatively stable substrate, frequently the 
underlying Franciscan bedrock.    
 
The following narrative descriptions of drainage and channel conditions consider both 
predicted peak flow increases and likely potential for channel response to determine the 
relative sensitivity to peak flow.  Sensitivity was generally considered low if peak flow 
increases were less than 10% and drainage and conditions were moderately stable.  
Sensitivity was considered to be moderate in a wider range of situations.  These include 
the following general examples: 
• if peak flow was greater than 10% and drainage and channel conditions were 
somewhat unstable;  
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• peak flow increases greater than 20% combined with unusually stable drainage 
conditions or unstable conditions are of limited extent. 

High sensitivity would be applied to channels with moderately unstable conditions and 
predicted peak flow increases in excess of 50%, which are considered to be likely to 
induce a substantial channel response manifested by extensive bed and/or bank erosion 
over a substantial length of drainage or channel.  Peak flow sensitivity is summarized by 
Drainage in Table 12 below. 
 

Field Observations in Channels Draining the Project Site 
 
In this section, each of the surveyed drainages is described and evaluated.  The location 
and extent of surveys are shown in Figure 6.  Drainages were identified by reference to 
project maps developed by EEI pertaining to the erosion control and drainage plan.  Each 
surveyed channel is identified by reference to the sub-watershed it drains; the outlet of 
each watershed is referred to as a “drainage node”.  Potential peak flow changes for a 15-
minute, 2 yr recurrence interval rainfall event were estimated for each of these drainages 
in the preceding section. The drainages are described beginning with those that drain to 
an unnamed tributary to the Wheatfield Fork and then those draining to Grasshopper 
creek.  The remaining drainages drain to Patchett creek.  These are described beginning 
in the southwest corner of the project and proceeding in a clockwise direction.   
 
Drainage 40 is located in the southwestern portion of the property draining portions of 
Vineyard Units 8b and 8c through Drainage Node 40 on the southwestern property 
boundary to an unnamed tributary to the Wheatfield Fork.  The survey began at the 
channel head and approximate location of proposed Sediment Basin 40 and continued 
550 ft downstream just beyond the southwestern property boundary.  The drainage has a 
relatively broad valley bottom comprised primarily of soil substrate with a mean slope of        
21%.  The active channel is continuous and its mean dimensions are 1.2 ft wide by 0.5 ft 
deep which is a cross section 25% smaller than the overall average of all drainages 
surveyed. The mean bank depth is 1.9 ft; the mean channel top width is 3.5 ft . This is a 
cross section which is smaller than the overall average bank cross section of all drainages 
surveyed.  Evidence of active erosion observed includes minor stream bed erosion and 
soil steps.  Stabilizing elements observed in the drainage were stumps and multiple pieces 
of large woody debris.  Shrubs are the dominant vegetation present in the axis of the 
drainage taking up 40% of the length of the surveyed channel axis.  Potential peak flow 
increase is 22%.  About half of the proposed vineyard runoff is dispersed around field 
perimeters and would reach natural channels via forested flow paths that would tend to 
attenuate and disperse runoff increases.  Vegetation and woody debris is widely 
distributed in the channel tend to resist significant erosion, and moderate slope and 
relatively wide valley floor reduce the potential for erosion.  Given the existing soil 
substrate, Drainage 40 has moderate sensitivity to potential peak flow increases.  
 
Drainage 4 is located in the northwestern portion of the property draining Vineyard 
Units 1a and 1b through Drainage Node 1 on the western property boundary, ultimately 
flowing to the Wheatfield Fork via an unnamed tributary west of Patchett Creek.  The 
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survey began at the approximate location of proposed Sediment Basin 4 and continued to 
the western property boundary 1400 ft below.  The drainage is a relatively broad valley 
comprised of an entirely soil substrate with a gentle mean slope of  6% and no channel 
for the first 834 ft.  The mean active channel dimensions are 1.5 ft wide by 0.6 ft deep 
which is 21% larger cross section than the overall average of all drainages surveyed.  
Evidence of active erosion present during the field survey includes minor stream bed 
erosion.  Additional flow is received from rills along a skid/ATV road parallel to the 
drainage along the right (northern) bank.  Stabilizing elements observed in the drainage 
were stumps and multiple pieces of large woody debris. Grass and shrubs are the 
dominant vegetation present in the axis of Drainage 4.  The grass is concentrated in the 
upper 300 ft and makes up 20% of the survey and shrubs cover 15% of the axis.  
Potential peak flow increase is 13% for Drainage Node 1.  Considering the drainage’s 
gentle slope, wide valley bottom, existing vegetation and stabilizing elements, and the 
modest potential for peak flow increase, Drainage 4 has low sensitivity to peak flow 
increase.   Proposed vineyard runoff is largely dispersed around field perimeters and 
would reach natural channels via forested flow paths that would tend to attenuate runoff 
increases. 
 
Drainage 70 is located in the northwest portion of the property and drains portions of 
Vineyard Units 1a and 1d passing through Drainage Node 7 on the northernmost 
property boundary toward Grasshopper Creek.  The drainage was surveyed starting at the 
channel head about 50 ft downstream of the outlet of a culvert that passes under 
Annapolis Road and extended 458 ft downstream to the confluence with a tributary on 
the left bank.  The channel begins flowing down a broad swale with soil substrate that 
develops into a steep walled V-shaped swale with a slope of 20%.  The soil substrate 
continues until the end of the survey.  Road runoff from approximately 700 ft of 
Annapolis Road, along with some runoff from Vineyard Unit 1a, is directed into the 
culvert.    The mean slope of the drainage is 24%, which is steeper than the overall mean 
slope of all surveyed drainages.  The mean active channel dimensions of the survey are 
1.8 ft wide by 0.3 ft deep and the cross section is about one-third smaller than the overall 
average cross section of all drainages surveyed.  The mean bank height is 1 ft; the mean 
channel top width is 3 ft forming a cross section which is approximately one-fifth the size 
of the overall mean bank cross section of all drainages surveyed.  Evidence of active 
erosion present during the field survey includes stream bed and bank erosion, and 
multiple soil steps in the channel bed.  Stabilizing elements observed in the drainage were 
stumps, bedrock and multiple pieces of large woody debris. The lower portion of the 
surveyed channel is stable and well developed with a continuous bedrock substrate.  
Predicted peak flow increase is about 16%.  Given existing channel conditions including 
a moderate amount of County road runoff directed into the drainage with a continuous, 
developed channel with soil substrate over the first 400+ ft, containing numerous active 
erosion elements, Drainage 70 has moderate sensitivity to peak flow increase.  A stable 
bedrock channel is present at the bottom of the surveyed channel.  
 
Drainage 2 is located in the northwest portion of the property and drains a portion of 
Vineyard Unit 1d passing through Drainage Node 7 on the northernmost property 
boundary toward Grasshopper Creek.  The drainage was surveyed starting at the channel 
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head and approximate location of  proposed Sediment Basin 2 and extended 469 ft 
downstream to the confluence with Drainage 7.  The channel head is located 
approximately 50 ft downstream of the proposed Sediment Basin in a moderately 
convergent swale.  The mean slope of the drainage is 31%, moderately steeper than the 
mean slope of all surveyed drainages.  The mean channel dimensions of the active 
channel are 1.2 ft wide by 0.3 ft deep, comprising a cross section about half the size of 
the overall average cross section of all drainages surveyed.  The mean bank height is 2 ft 
;the mean channel top width is 1.8 ft.  This cross section is about one-fourth the size of 
the mean bank cross section of all drainages surveyed.  The channel substrate is soil for 
the first 300 ft of the survey where bedrock first appears.  At 440 ft the channel is well 
developed with a continuous bedrock substrate.  Evidence of active erosion observed 
includes stream bank erosion, fill slope erosion of an old skid road along with multiple 
soil steps in the channel bed.  Stabilizing elements observed in the drainage were stumps, 
boulders, cobbles, and multiple pieces of large woody debris.  Shrubs and tree are the 
vegetation types present in the axis of the surveyed drainage. Shrubs take up 15% while 
trees occupy 3% of the axis.  Estimated peak flow increase is about 16%.  Given existing 
conditions, including a continuous, developed channel with moderate erosion elements 
and relatively abundant resistance elements and a stable bedrock channel downstream, 
Drainage 2 has moderate sensitivity to increased peak flows resulting from the vineyard 
conversion. 
 
Drainage 3 is located in the northwest portion of the property and drains a portion of 
Vineyard Unit 1d.  Runoff ultimately exits the project area passing through Drainage 
Node 7 on the northernmost property boundary toward Grasshopper Creek.  The survey 
began at the approximate location of proposed Sediment Basin 3 and extended 279 ft 
downstream to the confluence with Drainage 7.  The channel head is located 102 ft 
downstream of the top of the survey forming in the fill slope of an old road.  The channel 
is neither well defined nor continuous through its length and has soil substrate only near 
the top.  The mean slope of the drainage is 40%, much steeper than the overall mean 
slope of all surveyed drainages.  The mean active channel dimensions of the sections 
present along the survey are 0.9 ft wide by 0.3 ft deep, the cross section is about one-third 
the size of the overall average cross section of all drainages surveyed.  Evidence of active 
erosion observed is limited to fill slope erosion of an old skid road and rills along a skid 
road crossed by the drainage.  Stabilizing elements observed in the drainage were 
bedrock, boulders, cobbles, and pieces of large woody debris.  Shrubs occupy 5% of the 
surveyed drainage axis.  Potential peak flow increase is about 16%.  Given channel 
conditions (an intermittent, poorly developed channel on a relatively steep slope and both 
fluvial and bedrock substrate in the lower portions of the drainage), and moderate 
predicted peak flow increase, Drainage 3 has  moderate sensitivity to peak flow increase.   
 
Drainage 7 is located in the northwest portion of the property and drains portions of 
Vineyard Units 1c and 1d  passing through Drainage Node 7 on the northernmost 
property boundary toward Grasshopper Creek.  The drainage was surveyed starting at the 
channel head (the approximate location of proposed Sediment Basin 7) and extended 550 
ft downstream to the property boundary.  The channel head is located just above a 
wetland area and as the channel flows into this area it disperses and becomes braided and 
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intermittent through the wetland vegetation.  At 185 ft downstream the flow passes 
through a culvert running north under Annapolis Road.  No road runoff is directed into 
the culvert.    The mean slope of the drainage is 10%.  Below the culvert the channel 
flows through a flat and weakly convergent area that gradually develops over the next 
300 ft into a stable channel at 550ft from the top of the survey.  The dimensions of the 
active channel are 1.8 ft wide by 0.5 ft deep.  The cross section is about 10% larger than 
the overall average of all drainages surveyed. The mean bank height is 2 ft; the mean 
channel top width is 3.5 ft, approximately half the size of the overall mean bank cross 
section of all drainages surveyed.   Evidence of active erosion observed includes stream 
bed and bank erosion, rills along the hill slope and multiple soil steps in the channel bed.  
Stabilizing elements observed in the drainage were stumps, boulders and multiple pieces 
of large woody debris.  Grass makes up 15% of the vegetation in the drainage axis in the 
upper section of the survey. The upper half of the survey has a soil substrate which 
develops into fluvial and cobble substrate at 250 ft, but reverts to cohesive soil through 
the end of the survey.   Approximately 700ft below the bottom of the survey the drainage 
is well developed with a continuous bedrock substrate.  Potential peak flow increase for 
Drainage Node 7 is about 16%.   Given the existing conditions observed (relatively 
gently slope, the stable wetland area near the vineyard boundary that would tend to 
attenuate peak flow increases, and a continuous, developed channel including relatively 
abundant flow resistance elements),  Drainage 7 has moderate sensitivity to peak flow 
increases.  
 
Drainage 38 is located in the southeastern corner of the southwest portion of the property 
draining Vineyard Unit 8c through Drainage Node 37.  The survey began at the 
approximate location of proposed Sediment Basin 39 in a drainage ditch adjacent to a 
Mendocino Redwood Company road and continued to the confluence with Drainage 36, 
264 ft below.   Drainage 38 is a drainage ditch with a soil substrate which runs adjacent 
to an existing logging road.  The mean active channel dimensions are 1.5 ft wide by 0.6 ft 
deep which is about one-fifth larger than the average of all drainages surveyed.  The 
mean bank height is 1.5 ft; the mean top width is 2.5 ft wide, a cross section which is 
smaller than the overall average bank cross section of all drainages surveyed.  Evidence 
of active erosion observed includes rills along the road, some of which drop off the road 
into the adjacent channel near Drainage Node 37.  Potential peak flow increase is 32%.  
Given the existing conditions, Drainage 38 has moderate sensitivity to potential increased 
runoff.  The existing road and its influence on drainage flow paths is the chief erosion 
hazard.  The extent of sensitive channel is relatively small; bedrock channel is located 
about 300 ft downstream.   
 
Drainage 36 is located in the southeastern corner of the southwest portion of the property 
draining Vineyard Units 8b and 8c through Drainage Node 37; it is immediately adjacent 
to and north of Drainage 38.  The survey began just downstream from the proposed 
Sediment Basin 36, at a culvert crossing under a Mendocino Redwood Company, and  
continued 300 ft downstream.  The culvert outlet appears to be the head of the natural 
channel in this drainage.  The natural drainage has a mean slope of 23% and a mainly soil 
substrate with some fluvial deposits and bedrock outcrops near the end of the survey at 
280 ft.  The mean active channel dimensions are 1.7 ft wide by 0.7 ft deep, a cross 
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sections that is about 50% larger than the mean of all drainages surveyed. The mean bank 
height is 2.8 ft; the mean channel top width is 4.7 ft wide.  This is smaller than the overall 
average bank cross section of all drainages surveyed.  Evidence of active erosion present 
during the field survey includes rills along the road, some of which have their flows 
diverted by a water bar which lies directly over the culvert and drop off the road into the 
main drainage. Minor stream bed erosion, soil steps and woody debris steps were also 
observed.  Additional flow is received from the road diverting flow from its natural path 
along Drainage 38 as well as the section of road which parallels the lower section of 
Drainage 36.  Potential peak flow increase is 32%.  The existing conditions of Drainage 
36 (the active erosion along the road and soil substrate near the proposed vineyard 
boundary) have moderate sensitivity to potential peak flow increase.  The extent of 
sensitive channel is relatively small; bedrock channel is located about 280 ft downstream.    
  
Drainage 35 is located in the southwestern portion of the property draining portions of 
Vineyard Units 8a and 8b through Drainage Node 35 to Patchett Creek.  The survey 
began at the approximate location of proposed Sediment Basin 35 and continued 500 ft 
downstream to a confluence with another drainage draining mostly Mendocino Redwood 
Company land on the right bank at 289 ft.  The drainage begins as a broad swale with no 
channel and no channel forms before the confluence where an already developed channel 
exists.  The mean slope of the drainage is 39%,     moderately steeper than the mean 
overall slope of all drainages surveyed.  The channel observed after the confluence runs 
atop an old logging skid road built down the axis of the drainage. The active channel has 
a soil substrate and its mean dimensions are 2 ft wide by 1.25 ft deep, about three times 
the size of the overall average cross sectional area of all drainages surveyed.  Stabilizing 
elements observed during the survey were stumps and multiple pieces of large woody 
debris.  Trees are the dominant vegetation present in the axis of the surveyed drainage 
taking up 10% of the axis.  Predicted peak flow increase is 24%. Given the existing 
conditions observed (lack of a channel near the vineyard boundary and a soil substrate 
and relatively steep slopes), in relation to expected peak flow change, Drainage 35 has 
moderate sensitivity to increased flows.   
 
Drainage 34 is located in the southwestern portion of the property draining Vineyard 
Units 8b and 8c through Drainage Node 33 to Patchett Creek.  The survey began at the 
approximate location of proposed Sediment Basin 34 and continued 375 ft downstream to 
a section of very steep channel.  The drainage begins as a broad swale with no channel. 
The channel head is located 173 ft downstream of the top of the survey. The mean slope 
is 26%, moderately steeper than the overall mean slope value for all surveyed channels.  
The active channel has a mostly soil substrate until the steep drop off at 375 ft where an 
intermittent bedrock substrate was observed.  Mean channel dimensions are 2.2 ft wide 
by 0.2 ft deep, about half of the overall average cross sectional area of all drainages 
surveyed.  Evidence of active erosion observed is limited to landslide terrain and soil 
steps associated with the same deposit found on Drainage 33.  Stabilizing elements 
observed during the survey were bedrock, cobbles, stumps and multiple pieces of large 
woody debris.   Although bedrock is present it does not become a continuous channel 
substrate. Dense shrubs are the dominant vegetation present in the axis of the surveyed 
drainage taking up 40% of the axis.  Trees are less abundant, they are only present in 5% 
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of the axis.   Peak flow increase in this drainage is predicted to be 16%.  Given the 
existing conditions observed (lack of a channel near the vineyard boundary, a soil 
substrate for the majority of the survey, landslide deposits and a relatively steep slope, 
with relatively abundant stabilizing elements), Drainage 34 has moderate sensitivity to 
increased peak flows.   
 
Drainage 33 is located in the southwestern portion of the property draining a portion of 
Vineyard Unit 8b through Drainage Node 33 to Patchett Creek.  The survey began at the 
channel head and approximate location of proposed Sediment Basin 33 and continued 
500 ft downstream to the confluence with Drainage 34 on the right bank.  The drainage 
begins as a strongly convergent V-shaped swale with a dry surface channel. The mean 
slope is 37%, substantially steeper than the overall mean slope value of all surveyed 
channels.  The active channel has a soil substrate and its mean dimensions are 1.2 ft wide 
by 0.4 ft deep which is 40% smaller than the overall average cross sectional area of all 
drainages surveyed.  The mean bank height is 3.7 ft; the mean channel top width is 5.7 ft.  
This cross section is larger than the overall mean bank cross section of all drainages 
surveyed.  Evidence of active erosion observed includes stream bed and bank erosion, 
and soil steps.  Historic debris slide deposits are likely present near the bottom of the 
drainage.  Stabilizing elements observed during the survey were a bedrock cascade at 200 
ft, stumps and multiple pieces of large woody debris.  Although bedrock is present, it 
does not become the continuous substrate in the surveyed channel.  Predicted peak flow 
increase is 16%.  Given the existing conditions observed (a predominantly soil-bedded 
channel, numerous active erosion sites, including debris slide deposits, and a relatively 
steep slope), Drainage 33 has moderate sensitivity to increased peak flow.  
 
Drainage 32 is located in the southwestern portion of the property draining portions of 
Vineyard Units 8a and 8b through Drainage Node 31 to Patchett Creek.  The survey 
began at the channel head and approximate location of proposed Sediment Basin 32 and 
continued 950 ft downstream to the confluence with Drainage 31 on the left bank.  The 
drainage begins as a broad hillside with a dry surface channel and a mean slope 11% and 
gradually develops into a narrow V-shaped valley bottom around 700 ft.  The active 
channel has a soil substrate and its mean dimensions are 2.1 ft wide by 0.4 ft deep, about 
the same as the overall average for all drainages surveyed.  The mean bank height is 4 ft; 
the mean top width is 10 ft.  This cross section is more than two and a half times the size 
of the overall average bank cross section of all drainages surveyed. Evidence of active 
erosion present during the field survey includes stream bed and bank erosion, along with 
soil steps.  Stabilizing elements observed during the survey were continuous bedrock 
beginning at 900 ft, stumps and multiple pieces of large woody debris. Shrubs are the 
dominant vegetation present in the axis of the drainage taking up 20% of the axis.  
Potential peak flow increase is 8%.  Proposed vineyard runoff is largely dispersed around 
field perimeters and would reach natural channels via forested flow paths that would tend 
to attenuate runoff increases.  Given the existing conditions (a continuous, gently sloping 
soil-bedded channel with substantial woody debris and vegetation resisting erosion, 
leading to bedrock channel, with a relatively gently slope), in relation to the small 
predicted increase in peak flow and the relatively broad dispersion of vineyard runoff, 
Drainage 32 has low sensitivity to peak flow increase.  
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Drainage 31 is located in the southwest portion of the property and drains Vineyard Unit 
8a passing through Drainage Node 31 into the Patchett Creek watershed.  The drainage 
was surveyed starting at the channel head located approximately 25 ft downstream of  
proposed Sediment Basin 31 and extended 666 ft downstream.  Approximately 150 ft 
below the end of the survey lies the confluence with Drainage 32.  The mean slope of the 
drainage is 13%.  The channel begins with a soil substrate, gently sloping 10% near the 
channel head and, following some steeper sections.  At 666 ft the channel drops off 
steeply over a bedrock cascade (slope 45%)).  The mean active channel dimensions for 
the top 300 ft of the survey are 3.4 ft wide by 0.3 ft deep; the cross section is about 40% 
larger than the overall average of all drainages surveyed.  Evidence of active erosion 
present during the field survey includes minor stream bed erosion and multiple steps in 
the channel bed.  Stabilizing elements observed in the drainage were stumps, bedrock and 
multiple pieces of large woody debris.  The vegetation creating channel and valley 
erosion resistance are trees and shrubs.  Trees were observed in 15% of the total surveyed 
channel axis while shrubs were observed in only 5%.  At 435 ft, the channel substrate 
becomes continuous bedrock.  The peak flow increase in this drainage is 8%.  
Considering the small potential peak flow increase, this drainage has low sensitivity to 
erosion because the channel is well developed starting near the edge of the proposed 
vineyard boundary, the slope is relatively shallow, natural flow resistance elements are 
relatively common, and the substrate becomes continuous bedrock.  In addition, proposed 
vineyard runoff is largely dispersed around field perimeters and would reach natural 
channels via forested flow paths that would tend to attenuate runoff increases.   Proposed 
wetland mitigation areas adjacent to the north would also be expected to increase runoff 
detention storage, tending to diminish the magnitude of peak flow increase. 
 
Drainage 30 is located in the central portion of the property draining Vineyard Units 7a 
and 7c through Drainage Node 30 on the southern property boundary toward Patchett 
Creek.  The survey began at the channel head at the approximate location of proposed 
Sediment Basin 30 and continued 520 ft downstream.  The mean slope of survey is gentle 
(about 8%), moderately shallower than the overall mean slope value for all surveyed 
channels.  The active channel is well developed with moss growing on much of the soil 
substrate.  The mean dimensions are 2.7 ft wide by 0.4 ft deep, about one-third larger 
than the mean cross sectional area of all drainages surveyed. The mean bank height is 2 
ft; the mean channel top width is 6.5 ft wide. This is cross section is slightly smaller than 
the mean bank cross section of all drainages surveyed.   Evidence of active erosion 
observed includes soil steps and stream bed and bank erosion.   Stabilizing elements 
observed during the survey were bedrock, boulders and cobbles and pieces of large 
woody debris.    Trees are the dominant vegetation present in the axis of the surveyed 
drainage but occupy only 5% of the length of the surveyed axis.  Predicted peak flow 
increase at Drainage Node 30 is 9%.  Given channel conditions, including a continuous, 
well developed  channel starting near the vineyard boundary with a gentle slope and 
cohesive soil substrate, along with the relatively low predicted peak flow increase, 
Drainage 30 has low sensitivity to increased peak flows.   
 



Hydrologic Effects Analysis, Artesa Fairfax THP and Conversion EIR  47 
 

O’Connor Environmental, Inc. 
www.oe-i.com 

Drainage 28 is located in the central portion of the property draining a portion of 
Vineyard Unit 7a through Drainage Node 30 on the southern property boundary toward 
Patchett Creek.  The survey began at the approximate location of proposed Sediment 
Basin 28 and continued 175 ft downstream to the confluence with Drainage 30 on the 
right bank, and then on to 300 ft from the top of the survey.  The survey began in a broad 
swale, with no channel until 160 ft just above the confluence with Drainage 30.  The 
mean slope of survey is 19%, about the same as the overall mean slope value for all 
surveyed channels.  The active channel after the confluence with Drainage 30 has a soil 
substrate and its mean dimensions are 3 ft wide by 0.4 ft deep, about 50% larger than the 
overall average cross sectional area of all drainages surveyed. The mean bank height is 
0.4 ft; the mean channel top width is 5 ft wide. This cross section is about 15% of  the 
size of the overall mean bank cross section of all drainages surveyed.  Evidence of active 
erosion is limited to soil knickpoints and stream bank erosion.   Stabilizing elements 
observed during the survey were bedrock, boulders and cobbles which are intermittent 
starting at the confluence with Drainage 30 and become increasingly abundant after the 
300 ft point in the survey.  As is the case in the majority of the channels surveyed,  
multiple pieces of large woody debris were also observed.   Shrubs and trees are the 
dominant vegetation present in the axis of the surveyed drainage. Shrubs occupy 5% of 
the length of the axis; trees occupy 10%.  Predicted peak flow increase for Drainage 
Node 30 is 9%, but it is probably higher for Drainage 28 above Drainage 30.  Given the 
existing conditions observed (lack of a channel near the vineyard boundary, a broad 
swale with a soil substrate, draining into a developed channel), Drainage 28 has  
moderate sensitivity to increased peak flows above its confluence with Drainage 30.   
 
Drainages 26 and 27 are located on the western edge of the central portion of the 
property draining Vineyard Unit 7a and flow off the property and through Drainage 
Node 26 to the south and into the Patchett Creek watershed.  Both surveys began at the 
approximate location of proposed Sediment Basins numbers 26 and 27, extending 300 ft 
downstream. The two drainages are similar and characterized by gentle, weakly 
convergent slopes.  The mean slope of Drainage 26 is 10%; it is 13% for Drainage 27, 
both shallower than the overall mean slope of channels in the project area.  No channel is 
present throughout the entire length of either drainage.  The swale substrates are entirely 
soil.  No evidence of active erosion was observed, with the exception of minor local 
effects of runoff concentration in the form of small rills where the drainage crosses 
logging roads of the Mendocino Redwood Company.  Stumps, large woody debris, and 
slash piles in the drainages constitute the main stabilizing elements present.  Potential 
peak flow increase for the entire drainage, comprised of sub-drainages 26 and 27, is 26%.  
The absence of a channel and presence of road crossings present potential for erosion to 
occur during peak runoff events.  However, the shallow slope, weakly convergent 
topography and extensive organic stabilizing elements serve to reduce the energy of 
runoff and disperse the flows, reducing sensitivity.  Drainages 26 and 27 have   moderate 
sensitivity to peak flow increase.  Mitigation should be developed for conveyance of flow 
across temporary logging roads to minimize erosion potential.       
 
Drainage 45B is located in the central portion of the project site draining portions of 
Vineyard Units 6a, 7a and 7b through Drainage Node 45 on the southern property 
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boundary to Patchett Creek.  The survey began at the channel head and continued 800 ft 
downstream.  The drainage begins as a weakly convergent swale with a slope of about 
13% and a poorly developed channel with no banks.  The mean slope for the drainage is 
11%, smaller than the overall mean slope of all drainages surveyed.  The mean active 
channel dimensions are 1.6 ft wide by 0.3 ft deep, 40% smaller than the overall average 
size for all drainages surveyed.  The channel substrate alternates between soil and fluvial 
for the top 670 ft, beyond which bedrock substrate becomes continuous.  Evidence of 
active erosion present during the field survey includes stream bed erosion, soil knick 
points and erosion of fill slope material from an old skid road.  Stabilizing elements 
observed in the drainage were bedrock, boulders, cobbles and multiple pieces of large 
woody debris.  Trees and shrubs are the dominant vegetation present in the axis shrubs 
covering 15% of the surveyed axis while the trees cover 5%.   Given the existing 
conditions of the upper 600 ft of the survey (mostly soil substrate near the conversion 
boundary, abundant active erosion elements) along with the fact that there is no proposed 
sediment basin , Drainage 45B  would have  moderate sensitivity to increased flows.  
Runoff from about 7.8 acres of proposed vineyard that formerly would have entered 
Drainage 45B is to be directed to reservoir storage, therefore reducing expected peak 
flows.  Consequently, Drainage 45B will have low sensitivity to increased peak flow.  In 
addition, bedrock substrate is continuous in the lower portion of Drainage 45B, and the 
channel is not sensitive to  concentrated runoff from proposed Sediment Basin 25.   
  
Drainage 45A is located in the central portion of the property draining portions of 
Vineyard Units 6a and 6b through Drainage Node 45 on the southern property boundary 
toward Patchett Creek.  The survey began at the approximate location of proposed 
Sediment Basin 45 and continued 605 ft downstream to the confluence with Drainage 18 
on the left bank.  The survey begins on a flat area, possibly an old skid road, with no 
channel.  The channel head is located 128 ft downstream of the top of the survey at a soil 
knick point at the base of a coniferous tree.  The channel is not well developed for the 
upper 300ft of the survey and is intermittent in sections.  The mean slope of the drainage 
9%, half the mean slope value for all surveyed channels.  The active channel substrate 
varies between soil and organic litter .  The mean active channel dimensions are 1.5 ft 
wide by 0.5 ft deep, about 10% smaller than the average cross sectional area of all 
drainages surveyed.  Evidence of active erosion is limited to erosion of the fill slope of a 
road the drainage crosses.  Stabilizing elements observed during the survey were bedrock 
and multiple pieces of large woody debris.  At 500 ft the substrate becomes continuous 
bedrock. Shrubs are the dominant vegetation present and occupy about 10% of the axis of 
the drainage.  Peak flow increases are not expected at Drainage Node 45, however, peak 
flow increases in Drainage 45A might be 25 to 30%.  Given the existing conditions 
observed (gently sloping, unchanneled swale near the vineyard boundary, a poorly 
developed channel when present, with soil and organic litter substrate for the top 500 ft), 
Drainage 45A has moderate sensitivity to peak flow increase.  
 
Drainage 18 is located in the central portion of the property draining a portion of 
Vineyard Unit 6b through Drainage Node 45 on the southern property boundary toward 
Patchett Creek.  The survey began at the approximate location of proposed Sediment 
Basin 18, continued 135 ft downstream to the confluence with Drainage 45A on the right 
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bank and then on to 300 ft from the top of the survey.  The survey begins on a broad 
swale, with no channel until the confluence with Drainage 45A. The mean slope of the 
section above the confluence is 27%, steeper than the mean slope for all surveyed 
channels.  Post confluence the mean slope value drops to 13%, slightly shallower than the 
overall mean slope for all surveyed channels.  The active channel at the confluence has is 
initially organic litter, becoming fluvial/bedrock substrate.  Its mean dimensions are 1.75 
ft wide by 0.66 ft deep, about 40% larger than the average cross sectional area of all 
drainages surveyed.  Evidence of active erosion observed is limited to erosion of the fill 
slope of a  skid road crossed by the drainage and  soil steps.  The skid road diverts flow 
from its natural flow path between 200ft and 230 ft along in the survey.   Stabilizing 
elements observed during the survey were stumps and multiple pieces of large woody 
debris.   Trees are the dominant vegetation present in the axis of the surveyed drainage 
occupying 5% of the surveyed length.  Peak flow increases are not expected at Drainage 
Node 45, however, peak flow increases in Drainage 45A might be 25 to 30%.  Given 
existing channel conditions (lack of a channel in a swale near the vineyard boundary, 
draining into a moderately developed channel), Drainage 18 has moderate sensitivity to 
increased peak flows.   
 
Drainage 17 is located in the central portion of the property draining Vineyard Units 6b 
and 6c through Drainage Node 17 on the southern property boundary to Patchett Creek.  
The survey began at the approximate location of proposed Sediment Basin 17 and 
continued 480 ft downstream.  The drainage begins as a weakly convergent swale with a 
slope of 10% with no channel for the first 57 ft.  An intermittent dry surface channel with 
an organic litter substrate begins at that point, but never develops into a continuous 
channel over the course of the 480 ft survey. The mean slope for the channel is relatively 
gentle 14%, this is slightly less than the overall mean slope of all drainages surveyed.  
The mean channel dimensions are 1.8 ft wide by 0.3 ft deep which is about one-third 
smaller than  the average size for all drainages surveyed.  The mean bank height is 3 ft; 
the mean channel top width is 9ft wide. This cross section is approximately 50% greater 
than the overall mean bank cross section of all drainages surveyed.  Evidence of active 
erosion observed includes stream bank erosion, soil knick points and erosion of fill slope 
material from an old skid road.  Stabilizing elements observed in the drainage were 
fractured bedrock, boulders, cobbles and multiple pieces of large woody debris. Trees 
and shrubs are the dominant vegetation present in the axis, each occupying 5% of the 
surveyed drainage axis.  Predicted peak flow increase is 22%.  Owing to the organic 
substrate, intermittent channel and skid road, in relation to predicted peak flow change, 
Drainage 17 has moderate sensitivity to increased peak flows.  Just beyond the end of the 
survey for this drainage lies the confluence with Drainage 16. 
     
Drainage 16 is located in the central portion of the property draining Vineyard Unit 6c 
through Drainage Node 17 on the southern property boundary into Patchett Creek.  The 
survey began at the approximate location of proposed Sediment Basin 16 and continued 
300 ft downstream meeting Drainage 17 at 195 ft from the top in a confluence on the 
right bank.  The drainage begins as a weakly convergent swale with a slope of 11%.  No  
channel was observed above the confluence with Drainage 17, where a well-developed 
bedrock channel is located. The mean slope of the survey is 22%,  steeper than the mean 
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slope of all drainages surveyed.  The mean channel dimensions are 2.3 ft wide by 0.6 ft 
deep, which is 70% larger than the overall average cross section for all drainages 
surveyed.  The mean bank height is 2.3 ft; the mean channel top width is 3.3 ft wide. This 
cross section is approximately half the size of the mean bank cross section of all 
drainages surveyed.  Stabilizing elements observed in the drainage included fractured 
bedrock, cobbles and multiple pieces of large woody debris.  Predicted peak flow 
increase is 22%.  Given existing channel condition (organic substrate, lack of a channel 
near the vineyard boundary, lack of substantial existing erosion and its eventual 
confluence with a developed channel), in relation to predicted peak flow increases, 
Drainage 16 has moderate sensitivity to increased peak flows.   
 
Drainage 50C is located in the northeast corner of the property draining portions of 
Vineyard Units 2 and 3. The runoff ultimately exits the property through Drainage Node 
50 on the southern property boundary into Patchett Creek.  The survey began at the 
channel head at the approximate location of the property boundary and continued 1100 ft 
downstream.  The drainage begins on a broad grassy swale including a wetted surface 
channel. The channel flows through dense brush and by 200 ft becomes well developed 
and continues until the confluence with Drainage 50D at approximately 1100 ft.  The 
mean slope of Drainage 50C is 12%,  moderately less than the mean slope value for all 
surveyed channels.  The active channel has a soil substrate and its mean dimensions are 
1.7 ft wide by 0.8 ft deep, about two-thirds larger than the overall average cross sectional 
area of all drainages surveyed. A typical bank height taken at 800 ft is 3 ft; the 
corresponding channel top width is 15 ft . This is more than 3 times larger than the 
overall mean bank cross section of all drainages surveyed.  Shrubs and grass are the 
dominant vegetation types present in the axis of the surveyed drainage. Shrubs occupy 
15% of the length of surveyed channel axis while grass occupies  10%.  Peak flow 
changes affecting Drainage 50C are expected to be minimal owing to the absence of 
conversion area in this location.  Given channel conditions observed (a continuous, well 
developed channel near the vineyard boundary with few observed erosion features), 
Drainage 50C has low sensitivity to peak flow increase.  
 
Drainage 50D is located in the northeast corner of the property draining a portion of 
Vineyard Unit 3. It also conveys runoff from the property north of Annapolis Road 
outside the project area, which passes through a culvert Annapolis Road.  Runoff 
ultimately exits the project area through Drainage Node 50 in Patchett Creek on the 
southern property boundary.  The field survey began at the outlet of the Annapolis Road 
culvert and continued 500 ft downstream to the confluence with Drainage 50C.  A plunge 
pool is located at the culvert outlet, leading to unchannelized V-shaped swale with a 
slope of 12%.  The channel becomes well defined at 50 ft but disperses at flat sections 
reforming as the valley walls narrow and the drainage meets a tributary on its left bank.  
The mean slope of Drainage 50D is 9%, much shallower than the mean slope value for all 
surveyed channels.  The active channel has a soil substrate and its mean dimensions are 
2.3 ft wide by 0.8 ft deep, more than twice that of the average cross section of all 
drainages surveyed.   Shrubs and grasses are the dominant vegetation types present in the 
axis of the surveyed drainage; shrubs occupy 10% of the drainage axis and grass occupies 
20%. The remaining 70% of the axis is soil substrate.  Peak flow changes affecting 
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Drainage 50D are expected to be minimal owing to the absence of conversion area in this 
location.  Given channel conditions including gentle  slope, abundant wetland grass and 
shrubs with no observed erosion features and large cross section), Drainage 50D has low 
sensitivity to increased peak flows.    
 
Drainage 50F is located in the eastern portion of the project area and drains  a small 
portion of Vineyard Unit 4 into Patchett Creek and through Drainage Node 50.  The 
drainage receives runoff from Annapolis Road and a neighboring vineyard on a hillside 
east of via a culvert under Annapolis Road.  Observations of this drainage were made to 
evaluate this site for potential mitigation; this channel is not substantially affected by the 
project.   Active erosion of the channel bed and banks was observed.  Flattened grasses 
on the channel banks were also observed, indicating the flows overtopped the natural 
banks of the channel peak flow events. Concentrated flows emerging from this culvert are 
the likely cause of observed erosion.    Gully control techniques would likely reduce 
long-term erosion at this site from concentrated runoff originating outside the project 
area.    
 
Drainage 50E is located on the eastern edge of the property draining Vineyard Unit 4 
and the Manzanita & Wetland Reserve through Drainage Node 50 to Patchett Creek.  
The survey began in mixed forest and grassland above the steep slope leading to Patchett 
Creek and continued 130 ft downstream to the confluence with Patchett Creek.  The 
survey begins at a large soil knick point appearing to be a stabilized gully dropping off a 
flat area (possibly a road and abandoned mill site) and then drops off steeply.  The mean 
slope of survey above the confluence with Patchett Creek is 24%, moderately steeper 
than the mean slope value for all surveyed channels.  No channel is present at the top of 
the survey although steep banks are present. The bank height is 5 ft; the width is 20 ft 
near the upper portion of the drainage.  This cross section is over seven times the size of 
the overall mean bank cross section of all drainages surveyed.  The drainage has a 
bedrock/boulder and organic litter substrate. Evidence of active erosion present during 
the field survey was minimal.  Stabilizing elements observed during the survey were 
bedrock and multiple pieces of large woody debris.  Peak flow increases are expected to 
be minimal because little conversion is proposed in this area, and no concentrated 
vineyard drainage will be delivered to this drainage.  Given channel conditions observed, 
including underlying bedrock and boulder substrate, and the lack of expected peak flow 
increase, Drainage 50E has low sensitivity to peak flow increase.   
 
Drainages 50A and 50B are located in the central east portion of the property draining 
Vineyard Unit 4 through Drainage Node 50 at Patchett Creek.  Both surveys began at the 
approximate location of proposed Sediment Basin 50, however, a major diversion of flow 
along an old road forms a gully that was surveyed (as Drainage 50A), in addition to the 
naturally occurring drainage (Drainage 50B).  Drainage 50A follows the road bed for 
275 ft, then drops off the road into a steep section of gully back to the natural drainage.  
The active channel of Drainage 50A (the gully on the road) has primarily bedrock 
substrate and its mean dimensions are 2 ft wide by 0.7 ft deep, about three-fourths larger 
than the average cross sectional area of all drainages surveyed.  The mean bank height is 
4.3 ft; the mean channel top width is 4.3 ft wide.  This is  about one-third  larger than the  
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mean bank cross section of all drainages surveyed. Evidence of active erosion observed 
includes stream bed and bank erosion, the large gully along the road, multiple soil steps 
and erosion of fill slope material of the road.   Stabilizing elements observed during the 
survey were bedrock, boulders and cobbles.   Shrubs and trees are the dominant 
vegetation present in the axis of the surveyed drainage, both occupy 5% of the length of 
the surveyed channel axis.   
 
Drainage 50B begins on a broad swale, with no channel for the first 200 ft.  The mean 
slope is about 31%, punctuated by steeper segments.    The active channel after 200 ft has 
a substrate of bedrock and fluvial deposits which becomes continuous after 400 ft from 
the top of the survey. The mean active channel dimensions are 3 ft wide by 0.5 ft deep, 
about 50% larger than the average cross section for all drainages surveyed.  Evidence of 
active erosion observed includes soil steps, stream bank erosion, and and gully/fill slope 
erosion of the road (Drainage 50A).  Stabilizing elements observed during the survey 
were bedrock and multiple pieces of large woody debris.   Shrubs and trees are the 
dominant vegetation present in the axis of the surveyed drainage; both occupy 5% of the 
length of the surveyed channel axis.  Peak flow increases are expected to be minimal 
because little conversion is proposed in this area.  Given the existing conditions observed 
(historic flow diversion and numerous active and potentially active erosion elements and 
locally steep slopes), Drainages 50A and 50B have moderate sensitivity to peak flow 
changes.  Peak flows are not expected to change much owing to forest conversion, 
however, concentrated runoff from proposed Sediment Basin 50 could increase erosion 
potential in both Drainages 50A and 50B.   
 
Drainage 56 is located in the southeast portion of the property draining Vineyard Units 
5a and 5b through Drainage Node 56 to the Patchett Creek watershed.    The survey 
began at the channel head at the approximate location of proposed Sediment Basin 56 and 
continued 700 ft downstream.   The drainage begins on a broad grassy area with a wetted 
surface channel that traverses a flat area at 100 ft where the flow is dispersed. The 
channel reforms at 220 at a knickpoint where the slope increases.  The mean slope of the 
drainage is 16%, slightly less than the mean slope for all surveyed channels.  The active 
channel has a soil substrate and its mean dimensions are 0.9 ft wide by 0.4 ft deep, about 
half the size of the overall average cross sectional area of all drainages surveyed.  Banks 
are not observed until after 650 ft from the top of the survey. The bank height at 700 ft is 
10 ft and the channel top width is 5 ft. This is more thanthree times larger than the mean 
bank cross section of all drainages surveyed. Evidence of active erosion observed 
includes soil steps, stream bed and bank erosion along with rills formed along a road near 
the top of the survey.  Stabilizing elements observed during the survey were cobbles and 
multiple pieces of large woody debris.  By the end of the survey the channel runs down a 
relatively large, steep-walled valley with a broad, flat valley bottom.  Trees and shrubs 
are the dominant vegetation present in the axis of the surveyed drainage, each occupying 
about 5% of the length of the surveyed axis.  Predicted peak flow increase for node 56 is 
about 5%; most of the drainage area for the surveyed channel is not under forest canopy 
and the project would not likely have a substantial impact on peak flow for this surveyed 
channel.  Given channel conditions, including an intermittent  soil channel with numerous 
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active erosion features), Drainage 56 has moderate sensitivity to peak flow increases, 
primarily owing to introduction of concentrated runoff from Sediment Basin 56.   
 
Drainage 60B is located in the southeast portion of the property draining Vineyard Unit 
5a through Drainage Node 60 to the Patchett Creek watershed.  The survey began just 
above the channel head and continued 300 ft downstream to the confluence with the 
outlet of Sediment Basin 60 (Drainage 60A) on the left bank.  The survey begins on a flat 
area, possibly an old skid road, with no channel. The channel head is located 80ft 
downstream.  The mean slope of the drainage is about 11%, substantially less than the 
mean slope for all surveyed channels.  The active channel has soil substrate. The mean 
active channel dimensions are 1.8 ft wide by 0.2 ft deep, about half the size of the 
average cross section for all drainages surveyed.  The mean bank height is 2.3 ft; the 
mean channel top width is 9.5 ft. This is more than 50% larger than the mean bank cross 
section of all drainages surveyed.  Stabilizing elements observed during the survey were 
bedrock and multiple pieces of large woody debris.  Trees are the dominant vegetation 
present in the axis of the surveyed drainage occupying 10% of the length of the surveyed 
channel axis.  Predicted peak flow for Drainage Node 60 is 22%, however, most of the 
vineyard runoff to this channel is routed through Sediment Basin 60 and would not flow 
through this channel.  Given expected flow changes and channel conditions (gentle slope, 
broad valley bottom, and a high degree of channel development with abundant bedrock), 
Drainage 60B has low sensitivity to peak flow.  
 
Drainage 60A is located in the southeast portion of the property draining portions of 
Vineyard Units 5a, 5b and 5c through Drainage Node 60 to the Patchett Creek 
watershed.   The survey began at the approximate location of proposed Sediment Basin 
60 and continued 100 ft downstream to the confluence with Drainage 60B on the right 
bank.  The survey begins on a flat area, possibly an old skid road with no channel.  The 
mean slope of the drainage is about 15%, slightly less than the mean slope for all 
surveyed channels.  The active channel has a soil substrate and its mean dimensions are 3 
ft wide by 0.3 ft deep, a cross section about one-tenth larger than the mean cross section 
for all drainages surveyed.  The mean bank height is 2 ft; the mean channel top width is 
3.5 ft. This is about half the size of the overall mean bank cross section of all drainages 
surveyed.  Evidence of active erosion present during the field survey includes soil steps 
and bank erosion.  Stabilizing elements observed during the survey were bedrock, 
cobbles and multiple pieces of large woody debris.  By 450 ft from the top the channel is 
relatively well developed with frequent bedrock outcrops.  Trees are the dominant 
vegetation present in the axis of the surveyed drainage, occupying 10% of the length of 
the surveyed channel axis.  Expected peak flow increases are high, about 75%, due to 
conversion in the natural drainage area and diversion of most of the flow from the 
watershed for Drainage Node 63 to Sediment Basin 60.  Given channel conditions, 
including gentle slope,  and a well developed channel with bedrock), Drainage 60A has 
moderate sensitivity to increased peak flow.  As designed, the outlet from Sediment 
Basin 60 will bypass the unchanneled portion of Drainage 60A, preventing erosion in the 
existing swale.  
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Summary of Drainage Sensitivity to Peak Flow Increase 
 
The foregoing narrative descriptions of drainage and channel conditions consider both 
predicted peak flow increases and likely potential for channel response to determine the 
relative sensitivity to peak flow.  Sensitivity was generally considered low if peak flow 
increases were less than 10% and drainage and conditions were moderately stable.  
Sensitivity was considered to be moderate in a wider range of situations.  These include 
the following general examples: 
• if peak flow was greater than 10% and drainage and channel conditions were 
somewhat unstable;  
• peak flow increases greater than 20% combined with unusually stable drainage 
conditions or unstable conditions are of limited extent. 

High sensitivity would be applied to channels with moderately unstable conditions and 
predicted peak flow increases in excess of 50%, which are considered to be likely to 
induce a substantial channel response manifested by extensive bed and/or bank erosion 
over a substantial length of drainage or channel.  Peak flow sensitivity is summarized by 
Drainage in Table 12 following. 
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Table12: Summary of surveyed drainages and overall assessment of sensitivity to predicted peak 
flow increases; see Figure 6 for locations. 

Watershed 
Drainage 
Channel 

Drainage 
Node 

Sensitivity to 
Peak Flow 

Unnamed Tributary 
to Wheatfield Fork 40 40 Moderate 

Unnamed Tributary 
to Wheatfield Fork 4 1 Low 

Grasshopper Creek 70 7 Moderate 
Grasshopper Creek 2 7 Moderate 
Grasshopper Creek 3 7 Moderate 
Grasshopper Creek 7 7 Moderate 

Patchett Creek 38 37 Moderate 
Patchett Creek 36 37 Moderate 
Patchett Creek 35 35 Moderate 
Patchett Creek 34 33 Moderate 
Patchett Creek 33 33 Moderate 
Patchett Creek 32 31 Low 
Patchett Creek 31 31 Low 
Patchett Creek 30 30 Low 
Patchett Creek 28 30 Moderate 
Patchett Creek 27 26 Moderate 
Patchett Creek 26 26 Moderate 
Patchett Creek 45B 45 Low 
Patchett Creek 45A 45 Moderate 
Patchett Creek 18 45 Moderate 
Patchett Creek 17 17 Moderate 
Patchett Creek 16 17 Moderate 
Patchett Creek 20 20 Low 
Patchett Creek 50C 50 Low 
Patchett Creek 50D 50 Low 
Patchett Creek 50E 50 Low 
Patchett Creek 50A 50 Moderate 
Patchett Creek 50B 50 Moderate 
Patchett Creek 56 56 Moderate 
Patchett Creek 60B 60 Low 
Patchett Creek 60A 60 Moderate 

 
The extent and degree of channel sensitivity does not represent a likely significant effect, 
defined as accelerated erosion processes inducing a significant increase in sediment 
delivery rates to Patchett Creek, particularly relating to degradation of habitat for 
coldwater fish.  If all moderately sensitive drainages were substantially eroded 
throughout their individual zones of sensitivity, the resulting erosion could approach 
sediment yield of on the order of 100 tons over several years of winter runoff.  The order 
of magnitude estimate is obtained as follows: 20 drainages, each eroding over a length of 
500 ft over an average width of 1 ft (~60% of mean active channel width) by a depth of 
0.1 ft (25% of mean active channel depth); 20 x 500 ft x 1 ft x 0.1 ft x 0.05 ton/ft3 = 100 t.  If 
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this were to occur over a 5 year interval, this quantity of sediment (~ 20 t/yr) could 
represent as much as a few percent of current erosion rates in the watershed5. Erosion of 
this magnitude could conceivably have some sedimentation impacts in reaches of 
Patchett Creek accessible to coldwater fish.   
  
Given the threshold of significance as defined above, the recommended course of action 
would be to implement a monitoring program capable of detecting channel response to 
peak flow prior to potentially significant effects becoming manifest.  Should monitoring 
reveal substantial acceleration of erosion in channels draining the project area, 
appropriate documentation, reporting and implementation of erosion control measures 
would follow.   

Potential Peak Flow Change in Wheatfield Fork Gualala River 
 
Hydrologic analyses of potential project effects have been conducted at different spatial 
scales, including the site (project area) scale and the watershed (impact area) scale.  The 
foregoing analysis evaluated potential project effects on peak flows in very small 
drainages on the project site.  It was estimated that peak flow increases in typical 
conversion areas could range up to about 30% for a 2-yr recurrence interval event for 
drainages of about 0.02 square miles.  For the project area, comprising a drainage area of 
about two-thirds of a square mile, overall peak flow increase was estimated to be about 
10% for a 2-yr recurrence interval event.  
 
Hydrologic analyses conducted by West Yost Associates (WYA) for the Patchett Creek 
watershed evaluated potential project effects on off-site peak flows for the a smaller 
watershed (Node 1, 1.30 square miles) draining the majority of the project area and for 
the full Patchett Creek watershed (Node 2, 1.76 square miles).  WYA estimated peak 
flow increases resulting from the project would be as high as 5% for a 2-yr recurrence 
interval event at Node 1 and about 3% and 2% for 10-yr and 100-yr events, respectively 
at Node 1.  At Node 2 (the confluence of Patchett Creek and the Wheatfield Fork Gualala 
River,  WYA estimated peak flow increases of  4%, 3% and 2% for the 2-yr, 10-yr and 
100-yr recurrence interval events, respectively.   
 
Patchett Creek is a tributary of the Wheatfield Fork Gualala River, which has a drainage 
area of about 111 square miles.  The project area occupies about 0.6% of the Wheatfield 
Fork watershed, and the Patchett Creek watershed contributes about 1.6% of the 
Wheatfield Fork watershed.  Although no direct estimates of project impacts on peak 
flow in the Wheatfield Fork have been made, the small extent of the project area in 
relation to the Wheatfield Fork drainage area indicates that the likely magnitude of 
impact is negligible.  Assuming a 4% peak flow increase in Patchett Creek (Node 2 of the 
WYA analysis), comprising 1.6% of the Wheatfield Fork watershed, and assuming that 
flow is proportional to drainage area, the corresponding peak flow increase in the 
Wheatfield Fork would be 0.06% (0.05 x 0.016 = 0.00064 or 0.06%).  This potential 
magnitude of peak flow increase is insignificant.    
 
                                                 
5 See Patchett Creek estimated sediment budget in Erosion Analysis.  
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Flow proportional to drainage area as assumed above does not necessarily provide an 
accurate estimate across a range of drainage areas.  Other methods for predicting peak 
flow (e.g. US Geological Survey NFFv3.2 program, or unit area runoff estimates from 
US Geological Survey gage data), for the area of interest produce substantially lower 
estimates of peak flow.  Such methods, however, are empirically based and cannot be 
used to estimate project effects on runoff rates.  Similarly, rational runoff methods used 
for the smaller-scale project area runoff analysis may tend to overestimate peak flows.  
Despite the differences between empirical estimation techniques and the peak runoff 
techniques used in these analyses, the techniques used are appropriate for the intended 
use: developing quantitative estimates of the likely percentage of change in peak flow 
under project conditions.  An estimate of peak flow using one such approach is shown in 
the table below.    
 
Table13:Estimated peak flows for Patchett Creek and the Wheatfield Fork Gualala River using 
the US Geological Survey model NFF v3.2; see Figure 6 for locations. 
 

Return 
Period 

Node 1 
Mean (Mean + 95% 
Confidence Interval) 

(cfs) 
Drainage area  

1.30 sq. mi. 

 
Node 2 

Mean (Mean + 95% 
Confidence Interval) 

(cfs) 
Drainage area  

1.76 sq. mi.  

Wheatfield Fork 
Gualala River at 
Patchett Creek 
(Mean + 95% 

Confidence Interval) 
(cfs)  

Drainage area  
111 sq. mi. 

2-yr 170 (282) 224 (372) 9,330 (15,500) 

10-yr 352 (563) 460 (736) 17,600 (28,160) 

100-yr 615 (1,021) 801 (1,330) 29,500 (49,000) 
Model Input Parameters:  Mean Annual Precipitation = 60 inches, Altitude Index = 1 thousand 
feet. 
Potential impacts of predicted peak flow increases from project area on peak flows in the 
Wheatfield Fork can be estimated using the percentage changes predicted by WYA at 
Node 2 evaluated for the USGS NFFv3.2 data.  Peak flow increases at Node 2 are 11 cfs, 
14 cfs and 16 cfs for the 2-yr, 10-yr and 100-yr recurrence interval events, respectively.   
These flow increases represent increases of 0.1%, 0.08% and 0.05% in the Wheatfield 
Fork for the 2-yr, 10-yr and 100-yr recurrence interval events, respectively.  These 
estimates are comparable to the initial prediction above assuming that peak flows are 
proportional to drainage area.  In either case, the magnitude of peak flow increase is not 
significant.  
 

Potential Downstream Impacts of Channel Erosion Hazards  
 
In the preceding assessment of erosion potential, erosion hazards were judged to exist for 
channels with significant existing or potentially significant future erosion where peak 
flows increase at least 10%.  The potential magnitude of potential channel and/or bank 
erosion is estimated to be on the order of as much as a few percent of the estimated 



Hydrologic Effects Analysis, Artesa Fairfax THP and Conversion EIR  58 
 

O’Connor Environmental, Inc. 
www.oe-i.com 

sediment input to the Patchett Creek watershed.  A means to assess the potential 
significance of hypothesized channel erosion derives in large part from the Caspar Creek 
study (Lewis 1998), which suggested that channel erosion could be a significant 
component of observed increases (200% or more) in suspended sediment yield from 
small watersheds.  Although increased sediment yield from channel erosion in the project 
area could potentially affect downstream aquatic habitat in Patchett Creek, the Caspar 
Creek study (Lewis 1998) did not demonstrate that increases in suspended sediment yield 
in headwater streams (CDF Class II and Class III channels) attributed to channel erosion 
resulted in increased suspended sediment loads in Class I channels downstream.  Three 
monitoring stations on the mainstem of the North Fork Caspar Creek showed an increase 
of 2% at one station, and decreases of 2% and 17% at two other stations.   
 
These data document that there was little or no change in suspended sediment yield in 
fish-bearing CDF Class I channels downstream, despite large increases in tributary 
channels.   This can be explained by the fact that erosion rates in the headwater channels 
are very low, and that when those rates are increased by a factor of two or more, the 
absolute erosion rate remains small relative to erosion rates in the watershed and 
mainstem channel as a whole.  The overall increase in suspended sediment yield for the 
North Fork Caspar Creek is attributed to a single landslide that occurred near the end of 
the study period (Lewis 1998), and not to increased erosion rates in headwater channels. 
Hence, the risk to downstream habitat and water quality implied by potential increases in 
channel erosion associated with anticipated peak flow increases at the project site are 
uncertain, but probably would not be significant.  These considerations should temper 
assessment of the potential impacts of the project-induced erosion as well as the efficacy 
and cost of proposed mitigation measures.   
 
Another consideration regarding mitigation of potential erosion from the site is that the 
proposed vineyard drainage collection system and reservoir will significantly reduce 
existing rill, gully and channel erosion.  Vineyard drainage controls, particularly on the 
sloping pasture between the proposed reservoir and sump (Figure 4), and diversion of 
peak flows from existing eroding channels in the east-west flowing Class III channels 
south of the reservoir and sump, will substantially reduce existing erosion from the 
project area.  Estimated peak flows in the Class III channel above the sump outfall will be 
reduced from about 25 cfs under pre-project conditions to about 5 cfs under post-project 
conditions (Table 6) because of the diversion of surface runoff to the sump and reservoir.  
This Class III tributary had by far the greatest incidence of existing channel and bank 
erosion under current, pre-project conditions.  Although the diversion of runoff to the 
irrigation reservoir will reduce stream flow during some periods of storm runoff, this will 
occur only during peak flow periods where the reduced flow will be negligible 
downstream.  The diversion of this runoff will tend to offset predicted increases in runoff 
from the project area. 
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Summary 
The proposed timberland conversion project is not expected to diminish annual water 
yield, summer stream flows, or groundwater supplies.  The most applicable research 
available strongly suggests that annual water yield and summer stream flows can be 
expected to increase owing to decreases in evapotranspiration processes associated with 
removal of forest vegetation.  Soil and geologic conditions are such that infiltration to the 
water table is not expected to decrease, and is more likely to increase.  Off-site 
groundwater supplies are unlikely to be affected because of the prevailing groundwater 
flow gradient toward Patchett Creek and away from existing wells.  Peak flow increases 
are expected to occur in some ephemeral and intermittent channels draining the project 
area, creating limited potential for accelerated erosion; no significant increases in erosion 
are expected to occur. A monitoring plan should be developed to detect significant 
channel erosion, should it occur, and ensure that appropriate erosion control and/or 
mitigation is implemented to address such occurrences.  The degree of potential erosion 
is localized, and it is unlikely that significant changes in water quality or sedimentation 
would occur in fish-bearing reaches of Patchett Creek located downstream.  Furthermore, 
the project is expected to reduce existing levels of rill, gully and bank erosion in the 
watershed of Drainage Node 20 owing to expected reductions in peak flow runoff 
resulting from collection of surface runoff for storage in the proposed irrigation reservoir.   
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Sedimentation, North Fork Caspar Creek 
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Overview 
Assessment of runoff and sediment yield changes resulting from timber harvest on small 
watersheds in the Coast Ranges of northern California can by guided by experimental 
studies at Caspar Creek [Lewis, 1998 #469].  That study measured changes in runoff and 
suspended sediment load in the North Fork of Caspar Creek, located in the Jackson 
Demonstration State Forest in coastal Mendocino County.  The study documented 
increases in suspended sediment yields in small catchments (25 to 70 ac) of about 200%.  
It was hypothesized [Lewis, 1998 #469] that the source of observed increases of 
suspended sediment load in some tributary streams (primarily California Department of 
Forestry Class II channels) was channel beds and banks, and that the agent of erosion was 
documented increases in peak runoff rates of about 25% for small clear-cut catchments 
during 2-year recurrence interval rain storms (Ziemer, Lewis et al. 1998).  Surface 
erosion was not considered a likely source of increased sediment yield.  Although there  
are no data presented to document this hypothesized source of erosion, it appears to be 
the most likely erosion mechanism given the timber harvest practices in the watershed 
and analyses of experimental data.   

The large percentage increases observed in the small tributary catchments were not 
observed at monitoring stations in the mainstem of North Fork Caspar Creek over the 
seven-year post-treatment monitoring period.   It has been suggested that  “…much of the 
sediment measured in the tributaries has been trapped behind woody debris or otherwise 
stored in the channels, so that much of it has not yet been measured downstream” (Lewis 
1998, p.65).  This hypothesis may explain the absence of a measurable downstream 
increase in suspended sediment yield, however, there are other plausible explanations.     
As discussed below, an analysis of hydraulic conditions and sediment transport 
mechanics reveals that suspended sediment transported through the tributary streams in 
North Fork Caspar Creek would not tend to be deposited in the mainstem of the North 
Fork.  The absence of observed increases in suspended sediment yield at monitoring 
stations in mainstem North Fork Caspar Creek, despite large increases in tributary 
watersheds, may also result from the low sediment yield of the tributary watersheds 
relative to the larger watershed as measured at mainstem monitoring stations.  The large 
percentage increase in tributary yield actually represents a small absolute increase in 
sediment yield in the watershed, and hence is not detected at the larger watershed scale.    

Suspended Sediment Transport Mechanics 
In gravel-bed streams such as Caspar Creek, stream energy as measured by bed shear 
stress is sufficiently high that the finer fraction (silt and clay; < 0.075 mm diameter) of 
sediment inputs are carried in suspension through the system with minimal deposition in 
stream channels.  This fraction of sediment is sometimes referred to as the wash load 
(Reid and Dunne, 1996); it typically travels at a velocity equal to the water velocity.   

Using grain size data for channel deposits in the mainstem of North Fork Caspar Creek 
(Napolitano 1996), I calculated the approximate grain diameter thresholds that separate 
three regimes of sediment transport: wash load (constant suspension), intermittent 
suspended load, and bed load (Table 1).  Sediment finer than about 0.1 mm is expected to 
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be transported in suspension during periods of flow capable of mobilizing  bed load 
material (these typically occur about twice or more each year).  Sediment in the sand size 
range (about 0.1 to 1+ mm) would be transported in intermittent suspension.  Coarser 
material would be transported as bed load.  During periods of more intense flow, these 
grain diameter thresholds would be larger, and coarser material would be transported in 
suspension in the water column.  Perspective on typical rates of transport for sediment of 
varying sizes in mountain streams based on a recent extensive literature review (NCASI 
1999) is provided in Table 2.  
 

Median 
surface 
grain 
diameter 
(d50 mm) 

Threshold 
Bed Shear 
Stress 
(dy/cm2) 

Shear 
Velocity 
(cm/s) 

Settling 
Velocity for 
Maximum 
Diameter 
Wash Load 
(cm/s) 

Settling 
Velocity for 
Maximum 
Diameter 
Intermittent 
Suspended 
Load (cm/s) 

Maximum 
Grain 
Diameter 
for Wash 
Load (mm) 

Maximum 
Grain 
Diameter 
for 
Intermittent 
Suspended 
Load (mm) 

11 
(debris jam 
deposits) 

84 9.1 0.91 9.1 ~ 0.1 ~ 1 

36 
(streambed 
deposits) 

374 16.5 1.65 16.5 ~ 0.1 ~ 1.5 

Table 1. Summary of calculated grain size thresholds for wash load and intermittent 
suspended load.  Threshold bed shear stress is calculated using Shield’s relationship and 
a critical Shields stress of 0.047 and represents the shear stress necessary to entrain the 
bed material represented by the median surface grain diameter.  Shear velocity is 
proportional to the square root of bed shear stress.  The settling velocity is calculated 
using standard shape and roughness parameters (Dietrich 1982).  Grain size thresholds 
for wash load and suspended load are a function of the ratio of settling velocity to shear 
velocity; the ratio is taken as 0.1 for wash load and 1.0 for intermittent suspended load, 
consistent with Reid and Dunne (1996).  Corresponding grain diameters can be read 
from a curve or calculated given the shear velocity and the appropriate ratio. 

Particle Size and Stream Type Range (km/yr) Mean (km/yr) 

Suspended sediment in mountain streams 2-20 10 

Sand as the predominant bedload 0.5-5 2 

Pebbles and cobbles in mountain streams 0.02-0.5 0.1 

Table 2. Typical annual velocity of sediment in streams after NCASI (1999), p. 299.  
The suspended sediment case is a reasonable representation of wash load the slowest 
washload and the fastest intermittent suspended load.  The sand case is representative of 
slower intermittent suspended load. Pebbles and cobbles represent bedload.   

Based on the data in Tables 1 and 2, it is apparent that silt and clay inputs to Caspar 
Creek will be routed through the mainstem of North Fork Caspar Creek as wash load.  
Very little of this sediment would be deposited.  This is confirmed by sediment analyses 
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by (Napolitano 1996), which showed that sediment finer than sand (i.e. silt and clay) was 
never more than 0.25% by weight of the bed material.  In other words, silt and clay is 
selectively removed from the mainstem of North Fork Caspar Creek by normal fluvial 
processes.  

Given the general textural description of soils in the Caspar Creek watershed (clay loam, 
(Henry 1998)), at minimum, 55% of the soil column would be silt and clay; it is more 
likely that about two-thirds of the soil column is silt and clay.  Hence, at least half and 
probably two-thrids of the sediment inputs measured at the mouths of logged tributary 
sub-basins are routed through the mainstem of North Fork Caspar Creek with minimal 
deposition.  The remaining portion of suspended sediment inputs, primarily sand, may 
travel more slowly.  Nevertheless, even sand is easily capable of being transported 
through the 3 km mainstem reach of North Fork Caspar Creek during the 6-year period of 
experimental observations (Table 2).  Moreover, there were 2 peak flows with recurrence 
intervals of 5 years or greater in the post-treatment period (January 20, 1993 and March 
14, 1995), with recurrence intervals of 8 and 5 years respectively (Cafferata and Spittler 
1998).  Finally, Lisle and Napolitano (1998) assessed the effects of logging on the 
mainstem of North Fork Caspar Creek and reported no remarkable evidence of channel 
aggradation by fine sediment.   Therefore, the explanation that the increased suspended 
sediment load from tributaries was not observed in the mainstem stations because it was 
deposited is very unlikely.  In fact, most of the suspended sediment delivered by 
tributaries is easily capable of being transported through mainstem North Fork Caspar 
Creek in the course of the 6-year monitoring period.  

Alternate Interpretation of North Fork Caspar Creek Data 
There is another plausible explanation as to why the increased suspended sediment is not 
detected in the mainstem.  Presentation of data in terms of percentage change after 
logging masks the actual magnitude of the increases.  Considering percentage changes in 
tributary sediment yield alone greatly inflates the expectation of corresponding 
downstream increases in sediment yield because a large percentage increase in a small 
quantity of sediment amounts to a small quantity of sediment.  This conclusion is 
substantiated in the discussion below.  

Table 3 summarizes the North Fork Caspar Creek sediment yield data (Lewis 1998).   
The data require some spatial interpretation; a map of the North Fork Caspar Creek 
watershed is shown in Figure 1 below. 
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Station
Years 
Post 

Harvest 

Area 
(ha) 

Percent 
Harvest 

Percent 
Change 

in SS 

Observed 
SS Yield 
(kg/ha/yr)

Predicted 
SS Yield 
(kg/ha/yr)

Change 
SS Yield 
(kg/ha/yr)

Observed 
Total SS 

Yield 
(t/yr) 

Pre-
dicted 

Total SS 
Yield 
(t/yr) 

Change 
Total 
SS 

Yield 
(t/yr) 

Change 
SS Yield 
as % of 
Main-

stem SS 
Yield 

Tributary stations (drainage area < 80 ha) 

KJE 5 15 97 -40 821 1371 -550 12.3 20.6 -8.3 -13 

JOH 5 55 30 -23 667 865 -198 36.7 47.6 -10.9 -17 

GIB 4 20 99 200 358 119 239 7.2 2.4 4.8 4 
DOL 5 77 36 269 1130 306 824 87.0 23.6 63.4 33 
CAR 5 26 96 123 240 108 132 6.2 2.8 3.4 2 
BAN 4 10 95 203 85 28 57 0.9 0.3 0.6 0.3 

Mainstem stations (drainage area > 150 ha) 

LAN 5 156 32 5 420 400 20 65.5 62.4 3.1 2 

FLY 5 217 45 -3 536 555 -19 116.3 120.4 -4.1 -2 

ARF 4 384 46 -15 505 591 -86 193.9 226.9 -33.0 -17 

NFC 6 473 50 89 465 246 219 219.9 116.4 103.6 n.a. 
 

Table 3.  Data from Lewis (1998, Table 1, p. 62); the last 4 columns reflect conversion of 
suspended sediment (SS) yield to units of t/yr.  This units conversion allows comparison 
of the absolute quantities of sediment yield from tributaries relative to mainstem stations.  
Bold face emphasizes the comparison of percentage increases in logged tributaries and 
percentage increases relative to the nearest downstream mainstem station.  KJE and 
JOH are compared to LAN, GIB is compared to FLY, and DOL, CAR and BAN are 
compared to ARF.  Mainstem stations are compared to ARF.  Station EAG is not 
presented; its effect is represented by the downstream station (DOL) in the same 
tributary.  

Table 3 above shows that for three mainstem stations with greater than 150 ha drainage 
area (LAN, FLY and ARF), suspended sediment load decreased 11% on average.  For 
station NFC at the mouth of the North Fork Caspar Creek watershed, the increase of 89% 
is attributed to a single landslide in 1995 immediately above the NFC station in the last 
year of the study (see Lewis 1998, pp. 55 & 60).  Hence, the data show that there is no 
increase in suspended sediment in Class I fish-bearing channels in North Fork Caspar 
Creek, despite large percentage increases in tributary streams.   I have previously 
discussed the physical aspects of sediment transport that strongly suggest that this 
suspended sediment, particularly the wash load, would be transported to the measurement 
stations and would therefore be detectable.   
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Figure 1. North Fork Caspar Creek watershed. 

Considerable effort was taken (Lewis 1998) to explain why station KJE showed a 40% 
decline in suspended sediment load (e.g. high pre-treatment sediment load due to 
previous logging, increased sediment deposition owing to dense regrowth of vegetation 
near channels and excessive blow down of trees in riparian buffer zones). However, there 
was little effort to explain why station DOL, which was only 1/3 clearcut, showed 
anomalously high increases in suspended sediment.  As can be seen in Table 3 (last 
column), the increases in observed sediment yield in logged tributaries compared to 
observed sediment yield in the nearest downstream mainstem station is on average less 
than 2 percent.  Only in the anomalous case of DOL (33% increase) do the data suggest 
that enough erosion was observed in a tributary watershed to potentially cause a 
significant increase in suspended sediment.  The mainstem monitoring station 
downstream of DOL is ARF, where suspended sediment yield decreased 17%, suggesting 
no detectable effect in the mainstem reach affected by DOL.  This interpretation of the 
data also finds no consistent evidence of significant increases in mainstem suspended 
sediment yields following logging.  
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The magnitude of downstream effects is graphically demonstrated in Figure 2 below.  
These data highlight the magnitude of the increase in sediment yield at DOL and at 
station NFC.  In the latter case, the 89% increase in suspended yield is attributed to a 
single debris flow that entered via a tributary below station ARF, and that increase is 
attributed to a single year of record (1995).  DOL is the only other station with an 
apparently significant increase.  Given the relatively low proportion of harvest, it is 
plausible that such a large increase might not be attributable to hydrologically-induced 
channel erosion, but rather to a discrete, large scale sediment source (i.e. as for station 
NFC).   
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Figure 2. Caspar Creek experimental results expressed as average annual sediment 
yield at each station.  The values shown in the figure are the change in suspended 
sediment yield (observed – predicted) in units of metric tons per year following the 
experiment.  Mainstem stations as per the classification in Table 3 are emphasized in 
CAPITAL letters  

Summary – Sediment Input Associated With Hydrologic Change 
 
Based on the foregoing discussion, the experimental data from North Fork Caspar Creek 
demonstrating that hydrologic change attributable to timber harvest (e.g. peak flow 
increase of about 25% for 2-year recurrence interval storms for small drainages with 
nearly 100% clearcut area), do not reveal commensurate increases in suspended sediment 
yield in the mainstem of North Fork Caspar Creek where anadromous fish habitat is 
located.  The large percentage increases in sediment yield from small tributaries that were 
clearcut may have resulted from increased channel erosion.  These large percentage, 
small magnitude increases in sediment yield were not detected in the fish-bearing 
mainstem reaches either because the sediment entered into storage in the channel 
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network, and/or the quantity of excess sediment generated in the tributaries was small 
compared to the sediment yield in the mainstem, preventing its detection at monitoring 
stations.   In either case, there is no evidence that surface erosion or fluvial erosion 
associated with clearcutting of about 50% of the watershed caused detectable increases in 
sediment yield in mainstem monitoring stations.         
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Site  ______  Date  ________ 
 
Observers __________________  
 
Start time:   End time:         
  
 

Distance 
(ft) 

 
 

1) Swale-weak convergence, 
no channel 

2) V-swale-strong 
convergence, no channel  

3) Dry surface channel-
banks evident >50% of 
length 

4) Wetted surface 
channel/seep 

5) Subsurface-under wood 
6) Subsurface-soil pipes 
7) Knickpoint 
8) Road 
9) Skid trail 
10) Flat area 
11) Landslide 
12) Channel head 

Sediment 
Transport 
(y or n) 

   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   

 
Loc. Channel    
 Width 

(feet) 
Depth 
(feet) 

Slope 
(deg.) 

Sub-
strate 

Photo # 

Ch. 
H. 

     

0      
100 ft      
200 ft      
300 ft      
Substrate: Organic litter >0.2 ft (O), Soil (S), 
Fluvial sediment (F), Bedrock/Boulders (B) 
 

 
 
General Observations 
 
Evidence of Active Erosion (Rank Top 3 if present) 
Stream banks 
Stream bed 
Rill or Gully 
Knickpoint 
Erosion of fill or cut bank 
Landslide Terrain with Scarp and/or Slump 
 
Channel or Valley Erosion Resistance 
Vegetation (% of total length)  

Swale Axis   
 Grass 

Shrubs     
 Trees 
 
Significant elements 
Stumps 
Bedrock (if present) 
Boulders/Cobbles 
LWD (on the ground) 
 
Effect of Roads and Skid Trails on Hydrology 
Minor-only at crossing, local effect 
Substantial-flow diversion of natural flow path 
Additional flow-road/skid runoff increases flow 
Interception of water table in cut slope 
 
 
 
Ch Head Characteristics 
Location  
Erosion of Fill or Cut  
Landslide  
 
 
Comments: 
 
BankHT Top 

width 
Bank 
Material(Vegetated) 
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Appendix C-Drainage and Channel Field Data Summary 
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Explanation Of Data

All width, depth and height measurements in feet.

Substrate and Bank Materials
S Soil
O Organic Matter
F Fluvial Sediment
B Bedrock/Boulders

Presence of a particular Erosion or Stabilizing element signified with a 1; 0 means not present.

Rank of a Particular Erosion or Stabilizing element is 1, 2, or 3. 1 being most abundant, 3 the least.  
Rank only given if more than one element is present and a significant difference in abundance is clear.

Axis % is the percentage of the entire surveyed drainage in which the specified vegetation is present.



UID 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Site 30 50E 16 17 18 45A 45B 26 27 28 50D 7 56 50C 60B 60A 50A 50B 3 2 70 4 36 38 40 35 34 33 32 31

Group A B B B A A B C C A B A B A A A C B B A A A C C A A A A A A
Basin # 30 16 17 18 45 26 27 28 7 56 60 50 50 3 2 4 36 39 40 35 34 33 32 31
Node 30 50 17 17 45 45 45 26 26 30 50 7 56 50 60 60 50 50 7 7 7 1 37 37 40 35 33 33 31 31
Date 1/12/2007 1/11/2007 1/12/2007 1/12/2007 1/12/2007 1/12/2007 1/12/2007 1/11/2007 1/11/2007 1/11/2007 1/24/2007 1/23/2007 1/24/2007 1/24/2007 1/24/2007 1/24/2007 1/24/2007 1/24/2007 1/23/2007 1/23/2007 1/23/2007 1/23/2007 1/23/2007 1/23/2007 1/23/2007 1/22/2007 1/22/2007 1/22/2007 1/22/2007 1/22/2007

Ch. H W 1.5 1 1.5 1.25 2 1.5 0.25 1 0.5 1 1 0.75 1.5 1 1 1.5 0.5 1
CH. H D 0.25 0.25 0.5 0.25 0.25 0.33 0.5 0.5 0.2 0.25 0.25 0.25 0.33 0.5 0.5 0.1 0.2 0.2
CH. H S 5 10 5 13 20 10 20 10 13 6 40 35 20 10 10 20 25 30 10

CH. H Sub S O O S S/F s s s s s s s s s s s s s s
CH Head Location TOP TRIB TRIB 57 TRIB 128 TOP 160 Culvert top top 40 80 top 102 top top 834 Culvert top 173 top top

W0 1.5 2 1.5 0.25 1 0.75 1.5 1 0.5 0.75 1
D0 0.25 0.33 0.33 0.2 0.25 0.25 0.33 0.5 0.2 0.33 0.2
S0 5 26 11 9 26 9 9 14 15 12 10 20 12 13 22 6 25 35 35 20 5 10 8 20 26 25 30 13 10

Sub0 S B/S O O O S S S S S s s s s s s s o s s s s s s s s s s s
BkHt0 5 1.75
TW0 20 2

BkMtl0 S/B S/B
W100 2.5 1.25 2 0.75 2 4 2 0.75 2.5 1.5 1.5 1.5 1.5 4 3
D100 0.33 0.3 2 0.5 0.2 0.2 1 0.5 0.33 0.5 0.5 0.5 0.33 0.2 0.33
S100 3 33 20 18 28 5 10 16 13 22 14 8 11 12 10 16 15 35 40 32 23 5 22 20 25 38 28 35 10 14

Sub100 S O O O O S S/F S S S S S s s s/f s b s s s s s s s s s s s s s
BkHt100 3 2 1 1 1.5 3 3
TW100 3 1.75 3 3 2.5 6 5

BkMtl100 s s s s s s s
W200 4 8 2 1.5 2.25 5 2 2.5 1 2 1.5 3 3 1 2 2 1.5 1.5 1.5 2 2 2 8
D200 0.6 3 0.75 0.5 0.3 0.5 0.2 1 0.25 1 0.33 0.5 0.5 0.33 0.2 0.25 0.5 0.75 0.5 0.2 1 0.4 0.33
S200 8 12 13 18 10 10 6 7 10 20 5 8 25 10 11 8 25 45 45 25 25 3 26 16 25 55 25 60 10 16

Sub200 S/F B B O O S/O F/S S S S S F/B s s s s b/f f b s s s s s s s s b s s/f
BkHt200 3 12 2 2 0.5 2 2.5 4 5 1.5 2 5 4
TW200 6 25 2.5 2.5 7 3.5 9 5 8 2.5 4 8 10

BkMtl200 S B S S S S s s/b s s s s s
W300 4 2.5 2.5 1.75 1.5 2 3 1.5 2 3 3 2 3 3 0.75 1.5 1.25 2 1 2 3 1.5 1.5 4
D300 0.33 0.5 0.25 0.66 0.2 0.33 0.5 0.5 0.5 1 0.25 0.2 1.5 0.5 0.25 0.2 0.2 1 0.5 1.25 0.2 0.5 0.66 0.25
S300 2 6 15 16 15 13 7 15 18 5 15 5 15 10 15 22 20 40 30 30 5 33 15 38 28 22 15 15

Sub300 S/F B O/F F/B S S S S S S F/B s s s s f b/f b/f s/b s s s s s s s s s
BkHt300 1 2.5 3 2 0.25 2 2 2 6 2.5 1 3
TW300 7 4 9 4 3 3.5 10 3.5 5 3 2 4

BkMtl300 S S S S S s s s s s s s
Total length 

surveyed 520 200 300 480 300 605 800 300 300 500 300 550 700 1100 300 500 400 415 279 469 458 1400 305 264 550 500 375 500 950 666
length channel 520 70 105 383 165 445 800 0 0 340 300 550 580 1100 220 400 400 215 177 469 458 566 305 149 550 200 202 500 950 666
% channelized 100% 35% 35% 80% 55% 74% 100% 0% 0% 68% 100% 100% 83% 100% 73% 80% 100% 52% 63% 100% 100% 40% 100% 56% 100% 40% 54% 100% 100% 100%
Spring/ Seep 1 0 0 1 1 0 1 0 0 1 1 1 1 0 0 1 0 1 0 0 1 0 0 0 1 0 0 0 1 1

Banks 1 0 0 1 0 0 0 0 0 1 0 1 1 0 0 1 1 1 0 1 1 0 0 0 0 0 0 1 1 0
Rank Banks 2 2 2 2 1 1 1 1 1 2

Bed 1 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 1 0 0 0 1 0 1 0 1 0 0 1 1 1
Rank Bed 3 3 3 3 3 1 3 3 2
Rill/Gully 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 1 1 0 0 0 0 0 0

Rank Rill/Gully 1 1
Knickpoint 1 0 0 1 1 0 1 0 0 1 0 1 1 0 0 1 1 1 1 1 1 0 1 0 1 0 0 1 1 1

Rank Knickpt. 1 1 1 1 1 1 2 3 3 1 2 2 2 2 1 1
Erosion of Fill or cut 

bank 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 1 0 0 0 0 0 0 0
Rank Erosion F/CB 2 2 2 2 3 1

Landslide Terrain W/ 
scarp and or slump 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

Rank Landslide 
terrain

Stumps 1 0 0 0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 1 1 0 0 1 1 1 1 1 1
Bedrock 1 1 1 1 0 1 1 0 0 1 0 0 0 0 1 1 1 1 1 0 1 0 1 0 0 0 1 1 1 1
Boulders 0 1 0 1 0 0 1 0 0 1 0 1 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 0 0 0
Cobbles 0 1 1 1 0 0 1 0 0 1 0 1 1 0 0 1 1 0 1 1 0 0 0 0 0 0 1 0 0 0

LWD 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1
Minor/local effect 0 0 0 0 0 1 1 0 0 0 0 1 0 0 0 1 0 0 1 1 0 0 0 0 0 1 1 0 0 0

Flow diversion 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 1 0 0 0 0 0 0
Additional flow 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 1 1 1 0 0 0 0 0 0

Water table 
intercepted 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Axis grass % 10 15 10 20
Axis shrubs % 5 10 5 5 5 15 5 5 5 15 15 10 40 20 20 5
Axis trees % 5 5 5 10 5 10 10 5 5 3 10 10 5 10 15



Channel Sensitivity to Peak Flow Increases
Channel Assessment (from p.46 of
Hydrologic Assessment)
• The active channel is well developed

with moss growing on much of the 
soil substrate.  

• Evidence of active erosion observed 
includes soil steps and stream bed 
and bank erosion. 

• Continuous, well developed  channel 
starting near the vineyard boundary 
with a gentle slope and cohesive soil 
substrate, along with the relatively 
low predicted peak flow increase, 
Drainage 30 has low sensitivity to 
increased peak flows.

Post Storm Channel Observations
• Prior field observations of channel 

conditions after storm event (photo); 
note moss cover on channel bed 
which demonstrates bed stability; 
active erosion limited to soil step in 
foreground. 

• Rainfall records from State gage at 
Venado (graph and map below) 
document approximately 20 inches 
of rainfall in month before photo, and 
over 6 inches in 48 hours January 2 
& 3, 2002.

• Observed conditions after 
approximate 2 yr recurrence interval 
flood event in Russian River.

Drainage 30, 1/22/2002

Project Site
(off edge of map)



Low Sensitivity to Peak Flow
Drainage 4

• The drainage is a relatively broad 
valley comprised of an entirely soil 
substrate with a gentle mean slope 
of  6% and no continuous channel 
for the first 834 ft. 

• Evidence of active erosion present 
during the field survey includes 
minor stream bed erosion.  
Additional flow is received from rills 
along a skid/ATV road parallel to the 
drainage along the right (northern) 
bank.  

• Stabilizing elements observed in the 
drainage were stumps and multiple 
pieces of large woody debris. Grass 
and shrubs are the dominant 
vegetation present in the axis of 
Drainage 4.  

• The grass is concentrated in the 
upper 300 ft and makes up 20% of 
the survey and shrubs cover 15% of 
the axis.  

• Potential peak flow increase is 13% 
for Drainage Node 1. Proposed 
vineyard runoff is largely dispersed 
around field perimeters and would 
reach natural channels via forested 
flow paths that would tend to 
attenuate runoff increases.

• Considering the drainage’s gentle 
slope, wide valley bottom, existing 
vegetation and stabilizing elements, 
and the modest potential for peak 
flow increase, Drainage 4 has low 
sensitivity to peak flow increase.   

100 ft from top

300 ft from top



Low Sensitivity to Peak Flow
Drainage 31

• The channel begins with a soil 
substrate, gently sloping 10% near the 
channel head and, following some 
steeper sections.  At 666 ft the channel 
drops off steeply over a bedrock 
cascade (slope 45%)).  

• The mean active channel dimensions 
for the top 300 ft of the survey are 3.4 
ft wide by 0.3 ft deep; the cross section 
is about 40% larger than the overall 
average of all drainages surveyed.  

• Evidence of active erosion present 
during the field survey includes minor 
stream bed erosion and multiple steps 
in the channel bed.  

• Stabilizing elements observed in the 
drainage were stumps, bedrock and 
multiple pieces of large woody debris.  

• At 435 ft, the channel substrate 
becomes continuous bedrock.  

• The peak flow increase in this drainage 
is 8%. 

• Considering the small potential peak 
flow increase, this drainage has low 
sensitivity to erosion because the 
channel is well developed starting near 
the edge of the proposed vineyard 
boundary, the slope is relatively 
shallow, natural flow resistance 
elements are relatively common, and 
the substrate becomes continuous 
bedrock.  In addition, proposed 
vineyard runoff is largely dispersed 
around field perimeters and would 
reach natural channels via forested 
flow paths that would tend to attenuate 
runoff increases.   Proposed wetland 
mitigation areas adjacent to the north 
would also be expected to increase 
runoff detention storage, tending to 
diminish the magnitude of peak flow 
increase.

100 ft from top-woody
debris influence

666 ft from top-transition
to bedrock channel



Drainage 20-
Channel Conditions 

at Proposed Reservoir Sump 
Overflow Discharge Point

• Boulder and 
weathered bedrock 
valley floor near 
Drainage Node 20

• Materials resistant to 
erosion

• Minimal channel 
stored sediment 
available for 
transport

• Valley width will 
accommodate flow 
increase with 
relatively little 
increase in flow 
depth

• Photos from January 
2002 



Patchett Creek on Project Site 
Between Watershed Nodes N20 and N50

Boulder and bedrock 
channel substrate

Bedrock substrate

Bedrock substrate Bedrock substrate



Moderate Sensitivity to Peak Flow
Drainage 3

• The channel head is located 102 ft 
downstream of the top of the survey 
forming in the fill slope of an old 
road.  The channel is neither well 
defined nor continuous through its 
length and has soil substrate only 
near the top.  

• The mean slope of the drainage is 
40%, much steeper than the overall 
mean slope of all surveyed 
drainages.  The mean active 
channel dimensions of the sections 
present along the survey are 0.9 ft 
wide by 0.3 ft deep, the cross 
section is about one-third the size of 
the overall average cross section of 
all drainages surveyed.  

• Evidence of active erosion observed 
is limited to fill slope erosion of an 
old skid road and rills along a skid 
road crossed by the drainage.  

• Stabilizing elements observed in the 
drainage were bedrock, boulders, 
cobbles, and pieces of large woody 
debris.  Shrubs occupy 5% of the 
surveyed drainage axis.  

• Potential peak flow increase is about 
16%.  Given channel conditions (an 
intermittent, poorly developed 
channel on a relatively steep slope 
and both fluvial and bedrock 
substrate in the lower portions of the 
drainage), and moderate predicted 
peak flow increase, Drainage 3 has  
moderate sensitivity to peak flow 
increase. 

100 ft below top

200 ft below top



Moderate Sensitivity to Peak Flow
Drainage 33

• The drainage begins as a strongly 
convergent V-shaped swale with a 
dry surface channel. 

• The active channel has a soil 
substrate and its mean dimensions 
are 1.2 ft wide by 0.4 ft deep which 
is 40% smaller than the overall 
average cross sectional area of all 
drainages surveyed.  

• Evidence of active erosion observed 
includes stream bed and bank 
erosion, and soil steps.

• Stabilizing elements observed during 
the survey were a bedrock cascade 
at 200 ft, stumps and multiple pieces 
of large woody debris.  Although 
bedrock is present, it does not 
become the continuous substrate in 
the surveyed channel.  

• Predicted peak flow increase is 16%.  
• Given the existing conditions 

observed (a predominantly soil-
bedded channel, numerous active 
erosion sites, including debris slide 
deposits, and a relatively steep 
slope), Drainage 33 has moderate 
sensitivity to increased peak flow. 

200 ft from top

400 ft from top



Moderate Sensitivity to Peak Flow
Drainage 40

• The drainage has a relatively broad 
valley bottom comprised primarily of 
soil substrate with a mean slope of        
21%.  The active channel is 
continuous and its mean dimensions 
are 1.2 ft wide by 0.5 ft deep which 
is a cross section 25% smaller than 
the overall average of all drainages 
surveyed. 

• Evidence of active erosion observed 
includes minor stream bed erosion 
and soil steps.  

• Stabilizing elements observed in the 
drainage were stumps and multiple 
pieces of large woody debris.  

• Shrubs are the dominant vegetation 
present in the axis of the drainage 
taking up 40% of the length of the 
surveyed channel axis.  

• Potential peak flow increase is 22%.  
About half of the proposed vineyard 
runoff is dispersed around field 
perimeters and would reach natural 
channels via forested flow paths that 
would tend to attenuate and 
disperse runoff increases.  

• Vegetation and woody debris is 
widely distributed in the channel 
tend to resist significant erosion, and 
moderate slope and relatively wide 
valley floor reduce the potential for 
erosion.  Given the existing soil 
substrate, Drainage 40 has 
moderate sensitivity to potential 
peak flow increases. 

550 ft from top

200 ft from top



Moderate Sensitivity to Peak Flow
Drainage 45A

• The channel is not well developed 
for the upper 300ft of the survey and 
is intermittent in sections. 

• The active channel substrate varies 
between soil and organic litter. 

• Evidence of active erosion is limited 
to erosion of the fill slope of a road 
the drainage crosses.  

• Stabilizing elements observed during 
the survey were bedrock and 
multiple pieces of large woody 
debris.  

• At 500 ft the substrate becomes 
continuous bedrock. 

• Peak flow increases are not 
expected at Drainage Node 45, 
however, peak flow increases in 
Drainage 45A might be 25 to 30%.  

• Given the existing conditions 
observed (gently sloping, 
unchanneled swale near the 
vineyard boundary, a poorly 
developed channel when present, 
with soil and organic litter substrate 
for the top 500 ft), Drainage 45A has 
moderate sensitivity to peak flow 
increase. 

300 ft from top

200 ft from top



Mitigation by Control of Gully Erosion 
Processes

Examples of Active Erosion Processes 
Expected to be Reduced

Conifer (~25 years old) growing from 
tipped stump at upper end of gully 
provides minimum date estimate for 
gully origin in Drainage 50

Actively eroding gully, 
mitigation site in Drainage 50



Mitigation by Control of Gully Erosion 
Processes

Examples of Active Erosion Processes 
Expected to be Reduced

Actively eroding gully wall, 
THP Mitigation site C2

Actively eroding rill, 
THP Mitigation site C1

Mitigation Site Drainage 1-
Rill in trail leading to channel

Actively eroding rill, 
THP Mitigation site C1



Mitigation by Reduction in Peak Flow
Examples of active erosion processes observed in Drainage 20 after 

January 2002 peak flow event.  Peak runoff to this portion of Drainage 20 is 
expected to be reduced by runoff collection for irrigation storage.   

Scour and channel erosionIncision and bank erosion

Channel and bank erosionIncipient rill erosion

Mitigation expected to reduce estimated erosion rate by 75%; 
equivalent to 1.7 t/yr




