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Introduction 
This floodplain study was performed by O'Connor Environmental, Inc. (OEI), for Gualala Redwood Timber, 

LLC. The purpose of this analysis was to estimate the extent of the 20-year floodplain to assist in 

compliance with THP requirements. The study is based on site visits conducted in late February and early 

March of 2019, hydrologic analysis of stage and streamflow data from nearby stream gauges, and 

hydraulic modeling analysis that utilized publicly-available coastal Mendocino County LiDAR-derived 

topographic data from 2017. 

Site Description 
The proposed THP is in the Little North Fork Gualala River watershed is coastal southern Mendocino 

County, herein referred to as the Little North Fori<. The Little North Fork watershed has a drainage area 

of approximately 7.3 mi 2 and consists of a narrow, straight valley with relatively steep hillslopes (Figure 

1). Elevations range from less than SO feet on the valley bottom to between 1,000 and 2,000 feet along 

the surrounding ridgelines. Based on the PRISM dataset that characterizes spatial variations in long-term 

precipitation for the continental U.S., mean annual precipitation ranges from 44-62 inches across the 

watershed (PRISM 2010). 

Conditions in this watershed are typical of coastal watersheds in the North Coast region of California. 

Coastal redwood forest is the dominant land cover type and within the floodplain it is interspersed with 

riparian galleries and wetland vegetation. Based on the National Resource Conservation Service's (NRCS) 

Web Soil Survey (WSS), soils including the Dehaven-Hotel and lrmulco-Tramway complexes, tend to be 

well drained loams and gravelly loams. Tributary channels tend to be confined over most of their length 

except in their lower reaches where they flow onto the floodplain ofthe Little North Fork forming shallow 

alluvial fans with geomorphically-active and variable channel. alignments. The valley floor of the Little 

North Fork coincides with the San Andreas Fault, a major tectonic plate boundary and active fault. The 

floodplain ofthe Little North Fork, where most ofthe proposed THP boundary is situated, is characterized 

by various levels of incision with secondary high flow channels and boggy wet areas forming in the less 

incised reaches. At its downstream end, the Little North Fork confluences with the North Fork Gualala 

approximately one mile upstream of its confluence with the South Fork Gualala. These much larger 

watersheds create a backwater condition that inundates a significant portion of the valley bottom of the 

Little North Fori<. 
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Figure 1: Location of proposed THP within the Little North Fork of the Gualala River watershed. 
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Hydrologic Analysis 
No stream gages are present in the Little North Fork watershed. Several approaches were considered to 

estimate stream discharges within the Little North Fork including continuous hydrologic models and 

synthetic design storms. However, due to a lack of data for model calibration and a lack of high-quality 

local historic precipitation data, it is not possible to simulate flows within the Little North Fork watershed 

with a reasonable degree of certainty. Given the lack of local streamflow and precipitation data, 

discharges within the Little North Fork watershed were estimated based on area-normalized discharges 

from flood frequency analyses performed on larger, gaged watersheds within the same coastal region. 

A flood frequency analysis was performed on annual peak discharge data from the U.S. Geological Survey 

(USGS) gage on the Navarro River near Navarro (Gage# 11468000). The Navarro gage was selected for 

this purpose because it is the nearest gage in a coastal watershed with a long enough period of record to 

accurately estimate the magnitude of a 20-year recurrence interval flow event. It has a continuous 

streamflow record from 1950 to the present and has 68 years of reported annual peak discharge data. 

Although the 303 mi 2 watershed above this gage is significantly larger than the Little North Fork, its 

climate, landcover, and geomorphology are similar to that of the Gualala River watershed. 

The flood frequency analysis was performed using USGS's PeakFQ software which implements the USGS's 

Bulletin 17B flood frequency analysis protocols (Flynn et al., 2006). Based on this analysis, peak stream 

discharge associated with the 20-year event at the Navarro gage is estimated to be 52,500 cubic feet per 

second (cfs)(Appendix A). Normalized by watershed area, this is equivalent to 173 cfs/mi 2 or 1,263 cfs in 

the Little North Fork watershed (Figure 2) . 
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Figure 2: Results of flood frequency analysis for USGS gage on the Navarro River near Navarro. 
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Discharge records are available from several other gages in nearby coastal watersheds (Figure 3). These 

include several gages operated by the USGS as well as gages operated by O'Connor Environmental, Inc. 

(OEI) in the South Fork Gualala watershed during water years 2006-2012 as part of a baseline watershed 

monitoring program. While none of these gages cover long enough periods of record to perform flood

frequency analyses, observed discharges are useful in validating the applicability the area-normalized 

discharges from the Navarro River to the Little North Fork of the Gualala River. 

Three of these gages were active during the December 31, 2005 flood which was an approximately 

34-year event based on the flood frequency analysis at the Navarro River gage (Appendix A). Normalized 

by drainage area, discharges from the 2005 flood in these three watersheds show general similarity across 

a wide range of drainage areas (195- 230 cfs/mi2)(Table 1). These discharges are all within 12% of the 

normalized discharge of 205 cfs/mi 2 for this event on the Navarro River. Despite local variations in 

precipitation intensity and other factors, the comparison of area-normalized discharges from these gages 

suggests that discharges from the Navarro River are generally applicable to other, smaller coastal 

watersheds along the southern Mendocino and northern Sonoma County coastlines. 

Table 1: Area normalized discharges from the December 31, 2005 flood for nearby gaged watersheds. 

Navarro RivernrNavarro 

SFGualala Rnrthesea Ranch 

SF Gualala ABWheatfieldFI< USGS 

Wheatfield Fbri<GuaTalaAB SF USGS 

Fralidni Creek OEI 

11467510 

11467295 

11467485 

1.8 

The North Fork Gualala gage (USGS 11467553) not included in the analysis was operated- from 2000-

2006 and was located approximately 0.7 miles downstream ofthe confluence with the Little North Fori<. 

The gauge was moved upstream to a location approximately 0.1 miles downstream oft he confluence with 

the Little North Fork in 2009 and is currently active. Stage data is available for this gage, however high 

flow discharge data is not available for hydrologic analysis due to a lack of flow measurements and rating 

curve development during high flow conditions. 
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Hydraulic Analysis 
The area inundated during the 20-year recurrence interval flow event was simulated using the MIKE 

FLOOD hydraulic model. This model performs both one and two-dimensional hydraulic analyses for 

different reaches of a single channel and floodplain system. The one-dimensional component of the 

model (MIKE 11) calculates water levels and discharges using an implicit finite-difference formulation to 

solve the one-dimensional St. Venant equations for open channel flow (DHI, 2017a). The two-dimensional 

component (MIKE 21) calculates water levels and discharges using an Alternating Direction Implicit (ADI) 

technique to integrate the equations for mass and momentum conservation (DHI, 2017b). The model Was 

used to perform a steady-state simulation of 20-year event flow conditions. 

The model domain consists ofthe Little North Fork above its confluence with the North Fork of the Gualala 

River, major tributaries, and associated floodplains. The model was split into upper and lower sections 

based on a transition from largely confined to more active floodplain conditions (Figure 4). The upper 

portion of the mainstem, where the channel is largely confined, is represented using a one-dimensional 

analysis. Within the upper portion, inundation is only modeled along the mainstem of the Little North 

Fork. With the exception of Doty Creek, which is located outside the proposed THP boundaries, all 

tributaries in the upper portion are small, steep, confined channels with no significant floodplain 

development. The lower portion of the Little North Fork model domain, which has a wide floodplain and 

numerous side channels, was represented using a two-dimensional analysis. Within the lower portion, 

inundation was modeled along the mainstem, the nine largest tributaries, and their associated 

floodplains. Smaller tributaries were not modeled because they are not considered to be significant 

sources of floodplain inundation and because the LiDAR-based model topography was not sufficiently 

detailed to accurately capture the geometry ofthese smaller channels. Runoff from these tributaries was 

nevertheless simulated and routed to the valley floor. 

Topography 
Topography in both the 1- and 2-dimensional components of the model was based on a one-meter 

resolution LiDAR-derived Digital Elevation Model (DEM) of coastal Mendocino County. This LiDAR dataset 

was flown in (2017/2018) and meets the USGS's standards for Quality Levell (Qll) LiDAR topographic 

data (The Dewberry Companies, Inc., 2017; Heidemann, 2018). Based on field surveys conducted by OEI 

staff on February 15, 2019, this LiDAR dataset represents the cross-sectional geometry of the mainstem 

Little North Fork with a reasonable degree of accuracy. It is generally capable of identifying the location 

and width of smaller tributary channels but may underestimate the depth of these channels, particularly 

ifthey are deeply incised (Appendix B). 

For the 1-dimensional component of the model, cross-sections were extracted from the LiDAR-derived 

DEM at regular 100-foot intervals and extended at least one meter above the modeled water surface 

elevation. Cross-sections were reviewed and alignments and/or locations were adjusted as needed to 

best represent the variations in cross-sectional geometry along the channel. For the two-dimensional 

component of the model, the raw one-meter resolution DEM was used as the topographic input. Minor 

revisions were made to the DEM based on field measurements and professional judgement. Specifically, 

at several bridges in the model domain, the DEM had been "hydro-flattened" and the resulting bridge 

spans were significantly wider than measured in the field. The openings of these bridges were revised 

based on field measurements. In other locations, the forest canopy fully or partially .obscured small 
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portions of otherwise well-defined tributary channels in the DEM. The DEM was edited in approximately 

15 locations where errors resulted in simulated overbank flows in otherwise confined sections of channel. 

- Modeled Flooding Sources 0 USGS Gage 
- 10 Cross-Sections 
0 20 Model Domain 

THP Boundary 

Figure 4: Model domain, upper and lower segments 
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Hydrologic Inputs 
The Little North Fork watershed was divided into a series of subwatersheds to facilitate development of 

hydrologic inputs for the hydraulic model. Discharge from each subwatershed was calculated as the 

product of subwatershed area and the area-normalized 20-year peak discharge from the Navarro River 

near Navarro gage. For the 1-dimensional component of the model, subwatersheds were delineated for 

all tributaries With a drainage area of 0.10 mi2 or greater and for discrete reaches of the mainstem 

between these tributaries (Figure 5). Inflows from significant tributaries were applied to the mainstem as 

point sources. Inflows from the subwatersheds not associated with tributaries were distributed along the 

length of each stream reach in the 1-d model. 

All inflows to the 2-dimensional component of the model were applied as point sources. For the mainstem 

and the nine modeled tributaries, subwatersheds were delineated to the upstream-most modeled point 

and inflows were applied at these locations. For smaller, un-modeled tributaries, subwatersheds were 

delineated where these channels intersected the floodplain. Flow contributions from the residual valley 

bottom areas were assigned to the various tributary su bwatersheds proportionally based on the relative 

subwatershed areas (Figure 5). 

Boundary Conditions 
The water surface elevation at the downstream boundary of the model, which is controlled by complex 

backwater phenomena ofthe North and South Fork Gualala Rivers and possibly including tidal influences, 

was set at a constant elevation. The elevation ofthis backwater was estimated using stage data from the 

USGS's North Fork Gualala River gage. 

During the February 26, 2019 storm event, a peak discharge of 33AOO cfs was reported at the l!SGS's gage 

on the South Fork Gualala near The Sea Ranch (gage 11467510). Normalized for drainage area this event 

was equivalent to 207 cfs/mi 2 which corresponds to a 35-yr return interval based on the flood frequency 

analysis performed on the Navarro gage. This area-normalized discharge also falls within the range of 

values observed at other nearby gages during the December 31, 2005 event which has been described as 

a 10 to 25-yr event in the region (Parrett and Hunrichs, 2006). Together, these sources suggest that the 

backwater elevation on February 26, 2019 at the USGS's North Fork gage should provide a conservative 

estimate ofthe backwater elevation during the 20-year event (i.e., stream stage greater than or equal to 

a 20-year event). Stage data was converted to elevation by measuring the offset between the staff plate 

and the nearby road and estimating the elevation of the road from the LiDAR-derived DEM. 

Based on topographic measurements collected by OEI staff, the maximum reported stage of 19.01 feet at 

the North Fork Gualala gage for the February 26, 2019 flood event equates to an elevation of 45.8 feet in 

the North American Vertical Datum of 1988 (NAVD88). OEI staff also measured the elevation of silt lines 

on redwoods at the confluence of the North and South Fork Gualala and at the downstream end of the 

Little North Fork. These silt lines show a maximum backwater elevation of approximately 47.5 feet 

NAVD88 near the confluence of the Little North Fork and the North Fork Gualala (Figure 6). Given that 

this is approximately 1. 7 feet higher than water levels during the February 26, 2019 event, these silt lines 

were likely deposited by a historic flood that was significantly larger than the 20-year event. 

AREA OFFICE 
RESOURCE 

366.10 added 8/7/19 



Subwatershed Type 
D 10. Distributed 
BJ 10, Point 
CJ 20,Point 
Ill 20, Reallocated 

c:J Little North Fork Watershed 
- Modeled Flooding Sources 

0 USGSGage 
1 
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0.25 0.5 

N 

A 
Figure 5: Subwatersheds used to determine hydrologic inputs to the hydraulic model. 
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Figure 6: Location of silt lines measurements and estimated backwater extents 

Roughness Coefficients 
A range of Manning's roughness coefficient (n) was used to represent conditions within the Little North 

Fork watershed. An n-value of 0.06 as used to represent the mainstem Little North Fork in both 

components of the modeL This value was selected to represent the channel which is characterized by 

coarse substrate, modest to large quantities of large woody debris, and relatively dense vegetation along 

its banks. It was applied between the left and right top-of-bank. Tributary channels also have cobble and 

gravel-dominated beds but typically do not contain significant bank vegetation or large woody debris. An 

n-value of 0.04 was used to represent these channels (Chow, 1959) and was applied between the tops of 

bank. An n-value of 0.10 was used to represent the floodplains which typically contain a mixture of 

redwoods and riparian tree species with relatively little downed wood, and an herbaceous understory, 

along with low-relieftopographic complexity.,_ These roughness coefficients were used in both the 1- and 

2-dimensional components of the modeL 

Results 
The 1- and 2-dimensional model results were used to generate a detailed map of the areas inundated 

during the 20-year event {Figure 7, see Appendix C for detailed maps). Within the upper 1-dimensional 

component of the model flows were confined within the river's banks. Some low-lying bars, particularly 

near the confluence with Doty Creek, are inundated but no widespread, overbank flooding was predicted. 

Within the lower 2-dimensional component of the model flows in the mainstem Little North Fork are 
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either close to bankfull or spilling onto the surrounding floodplain. Overbank flooding is mostly confined 

to three areas. 

The first area is located between the small, middle section of the THP area and the upstream end of the 

large downstream section ofthe THP (Appendix C, Plate 3). In this area, which extends for approximately 

0.8 river miles, the floodplain across much of the width of the valley is activated. Water depths are 

typically less than two feet except where side channels are present. 

The second area of overbank flooding extends from approximately 0.2 river miles to 0.7 river miles 

upstream ofthe confluence with the North Fork (Appendix C, Plate 1). Here numerous side channels, old 

skid roads, and floodplain areas are activated across the width ofthe valley. Shallow flooding of less than 

1.0 foot is estimated for much of this area. 

The third area is the lowest 0.2 river miles above the confluence with the North Fork where backwater 

from the North Fork extends upstream and inundates much of the valley bottom to depths of 4 - 6 feet 

(Appendix C, Plate 1). Elsewhere in the Little North Fork flows are typically within the banks ofthe main 

channel or occupies small side channels close to the main channel. 

Away from the mainstem floodplain, water levels in most tributaries are contained within the channel 

banks. As the tributaries enter the mainstem floodplain, many of them begin overtopping their banks. 

Because these tributaries have formed alluvial fans, overbank flows often occupy multiple divergent flow 

paths. Modeled overbank flows from these tributaries cover a wide area but are quite shallow, typically 

between 0.25 and 0.5 feet. 

OEI staff visited the Little North Fork watershed on March 5, 2019 to evaluate the results oft he model as 

shown in Figures Sa and 8b. This site visit followed the February 26, 2019 event which was estimated to 

have been comparable to a 20-year recurrence interval. The extent of flooding was estimated using 

several methods including the location of flood debris, sediment deposits, and leaf litter along channel 

banks. 

Observations indicated that the model correctly predicts the active floodplain along the main channel. 

Along the main channel, overbank flows were only observed in locations predicted by the model and the 

model did not predict overbank flows in any areas where they were not observed. Based on field 

observations, bankfull flows occurred in most tributaries with localized overbank flow into old channel 

alignments occurring in a few places. Sediment deposition and broad overbank flow was observed in 

tributaries on the west side of the valley near the upstream-most end of the main section of the THP 

(Appendix C, Plate 3) .. While these areas were observed to extend between 100 and 200 feet upstream 

of their confluence with the mainstem Little North Fork, the model predicted more extensive areas of 

overbank flow than was observed. Because the depth of many tributaries channels is underestimated by 

the Mendocino County LiDAR (see Appendix B), the model may predict areas of flooding along tributaries 

where it may not occur during the 20-year flooding event. It is also important to notethat flooding from 

very small tributaries(< 0.10 mi 2
) is not represented by this model. However, OEI staff did not observe 

areas of significant overbank flooding along very small tributaries. 
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Figure 7: Extent of 20-yr inundation from modeled flooding sources in the Little North Fork watershed. 
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Figure Ba: Comparison of model results to February 26, 2019 event. Field observations shown as annotations. 
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Figure Bb: Comparison of model results to February 26, 2019 event. Field observations shown as annotations. 
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APPENDIX A 

PEAKFQ OUTPUT FOR USGS NAVARRO RIVER NEAR NAVARRO GAGE 
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Station- 11468000 NAVARRO R NR NAVARRO CA 

TABLE 1-INPUT DATA SUMMARY 

Number of peaks in record 

Peaks not used in analysis 

Gaged peaks in analysis 

Historic peaks in analysis 

= 

= 

= 

= 68 

1 

67 

0 

Beginning Year 

Ending Yea·r 

= 1938 

= 2017 

Historical Period Length 

Skew option 

Regional skew 

Standard error 

Mean Square error 

Gage base discharge 

= 80 

=STATION SKEW 

= 

= 

= 0.0 

User supplied high outlier threshold= -

User supplied PILF (LO) criterion = --

Plotting position parameter = 0.00 

Type of analysis BULL.17B 

PILF (LO) Test Method MGBT 

Perceptible Ranges 

Interval Data 

= Not Applicable 

= Not Applicable 
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TABLE 2- DIAGNOSTIC MESSAGE AND PILF RESULTS 

*WCF1071-ACCEPTED GEN SKEW OUTSIDE MAP LIMITS.-999.000 -0.400 0.800 

**WCF109W-PEAKS WITH MINUS-FLAGGED DISCHARGES WERE BYPASSED. 1 

**WCF113W-NUMBER OF SYSTEMATIC PEAKS HAS BEEN REDUCED TO NSYS = 67 

WCF1341-NO SYSTEMATIC PEAKS WERE BELOW GAGE BASE. 0.0 

EMA0031-LOW OUTLIERS WERE DETECTED USING MULTIPLE GRUBBS-BECK TEST 7 7510.0 

THE FOLLOWING PEAKS (WITH CORRESPONDING P-VALUES) WERE DROPPED: 

630.0 (0.0007) 

2790.0 (0.0644) 

2860.0 (0.0062) 

4340.0 (0.0594) 

4550.0 (0.0193). 

4930.0 (0.0097) 

5440.0 (0.0076) 

WCF1631-NO HIGH OUTLIERS OR HISTORIC PEAKS EXCEEDED HHBASE. 101289.5 

**WCF164W-HISTORIC PERIOD IGNORED. 80.0 

*WCF1511-17B WEIGHTED SKEW REPLACED BY USER OPTION. -229.630 0.212 -1 

WCF002J-CALCS COMPLETED. RETURN CODE= 2 

Kendall's Tau Parameters 

MEDIAN No. of 

TAU P-VALUE SLOPE PEAKS 

GAGED PEAKS -0.108 0.198 -91.892 67 
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TABLE 3- ANNUAL FREQUENCY CURVE PARAMETERS-- LOG-PEARSON TYPE Ill 

FLOOD BASE LOGARITHMIC 

EXCEEDANCE STANDARD 

DISCHARGE PROBABILITY MEAN DEVIATION SKEW 

SYSTEMATIC RECORD 0.0 1.0000 4.2249 0.3568 -1.123 

BULL.17B ESTIMATE 0.0 0.8955 4.2717 0.2627 0.212 

BULL.17B ESTIMATE OF MSE OF AT-SITE SKEW 0.0904 
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TABLE 4- ANNUAL FREQUENCY CURVE-- DISCHARGES AT SELECTED EXCEEDANCE PROBABILITIES 

ANNUAL <--FOR BULLETIN 17B ESTIMATES--> 

EXCEEDANCE BULL.17B SYSTEMATICLOG VARIANCE CONFIDENCE INTERVALS 

PROBABILITY ESTIMATE RECORD OF EST. 5% LOWER 95% UPPER 

0.9950 875.8 

0.9900 1314. 

0.9500 3531. 

0.9000 5579. 

0.8000 11180. 9120. 9575.0 12770.0 

0.6667 14160. 13600. 12370.0 16030.0 

0.5000 18300. 19510. 16180.0 20680.0 

0.4292 20390. 22280. 18060.0 23110.0 

0.2000 30870. 33660. 27040.0 36000.0 

0.1000 41080. 41520. 35300.0 49430.0 

0.0400 56250. 49420. 47010.0 70480.0 

0.0200 69260. 54000. 56700.0 89370.0 

0.0100 83810. 57660. 67260.0 111200.0 

0.0050 100100. 60590. 78800.0 136400.0 

0.0020 124600. 63590. 95720.0 175600.0 

1 

366.22 added 8/7/19 



TABLE 5 -INPUT DATA LISTING 

WATER PEAK PEAKFQ 

YEAR VALUE CODES REMARKS 

1938 -8888.0 

1951 20700.0 

1952 19400.0 

1953 18700.0 

1954 30400.0 

1955 4340.0 

1956 64500.0 

1957 14200.0 

1958 34100.0 

1959 19600.0 

1960 24800.0 

1961 9510.0 

1962 22300.0 

1963 33100.0 

1964 17900.0 

1965 52100.0 

1966 33100.0 

1967 16100.0 

1968 11300.0 

1969 20400.0 

1970 43900.0 

1971 20000.0 

1972 2860.0 

1973 18700.0. 

1974 61000.0 
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1975 17800.0 

1976 2790.0 

1977 630.0 

1978 22500.0 

1979 10400.0 

1980 25600.0 

1981 10700.0 

1982 32900.0 

1983 45800.0 

1984 16500.0 

1985 12500.0 

1986 49000.0 

1987 9420.0 

1988 12300.0 

1989 10900.0 

1990 4930.0 

1991 11500.0 

1992 11300.0 

1993 48200.0 

1994 8370.0 

1995 51400.0 

1996 16200.0 

1997 40600.0 

1998 20900.0 

1999 16400.0 

2000 14600.0 

2001 9560.0 

2002 9890.0 

2003 30400.0 . 
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2004 32000.0 

2005 7510.0 

2006 62000.0 

2007 9190.0 

2008 24900.0 

2009 5440.0 

2010 16200.0 

2011 18300.0 

2012 16400.0 

2013 27900.0 

2014 4550.0 

2015 18600.0 

2016 13400.0 

2017 24400.0 

TABLE 6- EMPIRICAL FREQUENCY CURVES-- WEI BULL PLOTIING POSITIONS 

WATER RANKED SYSTEMATIC B17B 

YEAR DISCHARGE RECORD ESTIMATE 

1956 64500.0 0.0147 0.0147 

2006 62000.0 0.0294 0.0294 

1974 61000.0 0.0441 0.0441 

1965 52100.0 0.0588 0.0588 

1995 51400.0 0.0735 0.0735 

1986 49000.0 0.0882 0.0882 

1993 48200.0 0.1029 0.1029 

1983 45800.0 0.1176 0.1176 

1970 43900.0 0.1324 0.1324 

1997 40600.0 0.1471 0.1471 
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1958 34100.0 0.1618 0.1618 

1963 33100.0 0.1765 0.1765 

1966 33100.0 0.1912 0.1912 

1982 32900.0 0.2059 0.2059 

2004 32000.0 0.2206 0.2206 

1954 30400.0 0.2353 0.2353 

2003 30400.0 0.2500 0.2500 

2013 27900.0 0.2647 0.2647 

1980 25600.0 0.2794 0.2794 

2008 24900.0 0.2941 0.2941 

1960 24800.0 0.3088 0.3088 

2017 24400.0 0.3235 0.3235 

1978 22500.0 0.3382 0.3382 

1962 22300.0 0.3529 0.3529 

1998 20900.0 0.3676 0.3676 

1951 20700.0 0.3824 0.3824 

1969 20400.0 0.3971 0.3971 

1971 20000.0 0.4118 0.4118 

1959 19600.0 0.4265 0.4265 

1952 19400.0 0.4412 0.4412 

1953 18700.0 0.4559 0.4559 

1973 18700.0 0.4706 0.4706 

2015 18600.0 0.4853 0.4853 

2011 18300.0 0.5000 0.5000 

1964 17900.0. 0.5147 0.5147 

1975 17800.0 0.5294 0.5294 

1984 16500.0 0.5441 0.5441 

1999 16400.0 0.5588 0.5588 

2012 16400.0 0.5735 0.5735 
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1996 16200.0 0.5882 0.5882 

2010 16200.0 0.6029 0.6029 

1967 16100.0 0.6176 0.6176 

2000 14600.0 0.6324 0.6324 

1957 14200.0 0.6471 0.6471 

2016 13400.0 0.6618 0.6618 

1985 12500.0 0.6765 0.6765 

1988 12300.0 0.6912 0.6912 

1991 11500.0 0.7059 0.7059 

1968 11300.0 0.7206 0.7206 

1992 11300.0 0.7353 0.7353 

1989 10900.0 0.7500 0.7500 

1981 10700.0 0.7647 0.7647 

1979 10400.0 0.7794 0.7794 

2002 9890.0 0.7941 0.7941 

2001 9560.0 0.8088 0.8088 

1961 9510.0 0.8235 0.8235 

1987 9420.0 0.8382 0.8382 

2007 9190.0 0.8529 0.8529 

1994 8370.0 0.8676 0.8676 

2005 7510.0 0.8824 0.8824 

2009 5440.0 0.8971 0.8971 

1990 4930.0 0.9118 0.9118 

2014 4550.0 0.9265 0.9265 

1955 4340.0 0.9412 0.9412 

1972 2860.0 0.9559 0.9559 

1976 2790.0 0.9706 0.9706 

1977 630.0 0.9853 0.9853 

1938 -8888.0 
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APPENDIX B 

MENDOCINO COUNTY UDAR EVALUATION 
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Figure 8.1: Location of cross-section surveys used in the LiDAR Evaluation 
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Figure 8.2: Comparison of LiDAR-derived cross-sections to surveyed cross-sections. LiDAR-derived 
cross-sections shown in blue. Surveyed cross-sections shown in orange. All cross-sections were 

surveyed by OEI staff using an auto level and were georeferenced using a high-accuracy GPS unit. 
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APPENDIX C 

DETAILED 20-YR INNUNDATION MAPS 

366.32 added 8/7/19 



20-yr Jnnundation Depth (ft) 

.. <0.10 C=:J 1.0-2.0 

0.10-0.25 20-3.0 

0.25 - 0.50 3. 0 - 5.0 

0.5-0.75 5.0-10 

c=J 0.75-1.0 .. >10 

Little THP Boundary 

366.33 

N 

0 0.25 0.5 1 i 
---====----•Miles A 

added 8/7/19 



20-yr lnnundatlon Depth (ft) 

.. <0.10 c=J 1.0-2.0 little THP Boundary 

Q1D~025 20-10 

0.25- 0.50 3. 0 • 5.0 

0.5 • 0.75 !iO -10 

0.75·1.0 .. >10 

N 

A 1.000 1,500 

---=====-----========:~Feet 
0 250 500 

366.34 added 8/7/19 



<0.10 1;0-2.0 Utt!e TH P Boundary 

0.10-0.25 2.0-3.0 

0.25-0.50 3.0-5.0 

0.5-0.75 5.0-10 

0.75-1.0 .. ">10 

N 

0 1,000 1,500 

---=====-----=======~feet 
250 500 A 

366.35 added 8/7/19 



20-yr lnnundation Depth (ft) 

< 0,10 c=:J 1.0-2.0 

0.10- 0.25 2.0. 3.0 

0.25. 0.50 3. 0- 5.0 

0.5-0.75 5.0-10 

!> 1 o.75-1.o 1111 > 10 

Uttle THP Boundary 

0 .... 25~0===500~ ...... 1 •• 000=======1~,500 Feet 

366.36 added 8/7/19 



<0.10 CJ t0-2.0 little THP Boundary 

0.10. 0.25 .2. 0- 3.0 

0.25- 0.50 3;0- 5.0 

0.5-0.75 5.0-10 

0.75-1.0 .. > 10 

0 250 500 1,000 1,500 --r====-----=======::::JFeet 

366.37 added 8/7/19 



<0.10 1.0-2.0 

0.10-0.25 20-3,0 

0.25-0.50 3.0-5.0 

0.5-0.75 5.0-10 

0.75-1.0 .. >10 

Uttle THP Boundary 

0 .... 25~0===500~ ...... 1.;~=======1~,500 feet 

N 

A 

366.38 added 8/7/19 



Floodplain Inundation Duration Study for the Little North 

Fork Gualala River 

Prepared for: 

Gualala Redwood Timber, LLC 

39951 Old State Highway 

Gualala, CA 95445 

Prepared by: 

O'Connor Environmental, Inc. 

P.O. Box 794, 447 Hudson Street 

Healdsburg, CA 95448 
www.oe-i.com 

Matthew O'Connor, PhD, CEG #2449 (Exp. 10-

President and Principal Geomorphologist/Hydrologist 
~ 

Jeremy Kobor, MS, PG #9501 

Senior Hydrologist 

William Creed, BS 

Hydrologist 

July 10, 2019 

366.39 added 8/7/19 



Contents 
Introduction & Objectives ............................................................................................................................. l 

Hydraulic Modeling .......................................................................................................... .-............................ 1 

Hydrologic Modeling .......... : .......................................................................................................................... 4 

Parameter Estimation & Calibration ......................................................................................................... 4 

Point Source Hydrograph Development ................................................................................................... 7 

Results ........................................................................................................................................................... 7 

Inundation Timing ..................................................................................................................................... 9 

Inundation Duration .................................................................................................................................. 9 

Interpretation of Results ......................................................................................................................... lO 

366.40 added 8/7/19 



Introduction & Objectives 
This report supplements the ({Floodplain Study for the Little North Fork Gualala River" dated March 21, 

2019 and differs from the prior study in two respects: 

• It focuses on the duration offloodplain inundation and drainage 

• It utilizes a local precipitation record not previously available to simulate the significant flood 

event of February 25-26, 2019. 

This report documents hydrologic and hydraulic modeling performed by O'Connor Environmental, Inc. 

(OEI) for Gualala Redwood Timber, Inc. developed to estimate the extent and duration of floodplain 

inundation along the Little North Fork Gualala River (herein referred to as the Little North Fork) during a 

flood believed to represent a 20-year recurrence interval event. Inundation was modeled using a revised 

version of an existing hydraulic model of the Little North Fork (DEl, March 21, 2019) and hydrologic inputs 

based on the February 25th- 26th storm event which is believed to be analogous to a 20-yr flood event. 

These models represent both the initial inundation from peak flow in the Little North Fork watershed and 

the subsequent backwatering from the larger North Fork Gualala River. Details of the hydraulic and 

hydrologic model are summarized below as well as model results and their interpretation. 

Hydraulic Modeling 
Inundation was simulated using a revised version of DEl's hydraulic model of the Little North Fork. This 

model was created by OEI and is referenced above. The model was originally used for a steady-state 

simulation (i.e. stream flow constant over time) of the peak 20-year discharge and divided the river into 

upper and lower sections. The upper, confined section of the river was simulated using a one-dimensional 

model while the lower, unconfined section, was simulated using a two-dimensional model (Figure 1). 

For the purposes ofthis study, the lower two-dimensional portion ofthe model was re-run independently 

of the upper portion and several changes were made to allow for the simulation of unsteady flow (i.e. 

stream flow varies with time). Chief among these changes was the resampling of the grid cell size from 

1m to 2m to facilitate reasonable computational times while still representing the floodplain in as much 

detail as possible. The downstream boundary was also changed from a constant to a time-varying water 

surface elevation. This water surface elevation time series was calculated from stage data reported for 

the USGS gage on the North Fork Gualala River above the South Fork Gualala River (HUC 11467553). This 

gage is located at the downstream end of the two-dimensional model domain and captures the elevation 

ofthe backwater at the confluence with the Little North Fork. Finally, while the same inflow point source 

locations were used as in the previous model, steady state inflows were replaced with inflow hydrographs 

for each point source (Figure 2). 
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Figure 1: Location of project watershed and structure of existing hydraulic model of the Little North Fork. This 
study only used the lower, two-dimensional section of the model. 
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Figure 2: Sub-watersheds tributary to point sources used in the hydraulic model and the longest flow path in the 
Little North Fork watershed used to calculate time of concentration. 
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Hydrologic Modeling 
Hydrographs were developed for each point source for a 60-hr period during and following the February 

25th- 26th, 2019 storm event. This period starts at 7:00AM on February 25th, shortly before precipitation 

began, and ends at 7:00 PM on February 27th, approximately five hours after the North Fork Gualala has 

receded below the floodplain in the little North Fork (approximately 38 feet NAVD 88). Based on a limited 

survey conducted by OEI staff, this is equivalent to a reported stage of 11.2 feet at the USGS gage. This 

period allowed for a full simulation of the rising and falling limb of the runoff hydrograph in the Little 

North Fork and the rise and fall of the North Fork that occurs after an initial period of overbank flow on 

the Little North Fori<. 

Hydrographs are based on hourly precipitation data from the nearby Oak Ridge RAWS near Annapolis 

4ESE weather station that became available after our prior modeling effort completed in March. This 

station, which is located approximately 12 miles southeast of the watershed, was selected because it 

provides the most representative data available in terms of proximity and coastal exposure. To account 

for spatial variability in precipitation between the Oak Ridge weather station and the Little North Fork 

watershed, reported precipitation was adjusted using a scaling factor. This scaling factor was based on a 

PRISM dataset which describes the spatial variation in long-term precipitation for the continental U.S., the 

1980 to 2010 mean annual precipitation (PRISM, 2010). Based on the PRISM dataset, average annual 

precipitation at the Oak Ridge weather station is 64.8 in/yr compared to 51.8 in/yr in the Little North Fork 

watershed, and reported precipitation was scaled by a factor of 0.80. 

All hydrographs were calculated in HEC-HMS Version 4.3 using the initial and constant loss method and 

the SCS unit hydrograph method. The parameters used in these calculations were calibrated by estimating 

the hydrograph for the entire Little North Fork watershed and setting peak discharge equal to the 

previously estimated peak 20-year discharge of 1,263 cubic feet per second (cfs)(OEI, 2019). These 

parameters were then used to develop inflow hydrographs to each point source used in the hydraulic 

model. Baseflow was not simulated as it is not believed to inundate the floodplain and does not 

significantly impact the storm hydrograph. 

Parameter Estimation & Calibration 
The runoff curve number (CN) used in HEC-HMS was back-calculated from average watershed slope, 

maximum flow length, and lag time using a relationship documented in the NRCS's National Engineering 

Handbook (Eq. 1) (USDA, 2010). Average watershed slope and maximum flow length were determined 

from the 1-m resolution Mendocino County LiDAR dataset available through the USGS's 3DEP program. 

Lag time was calculated using the Velocity Method by dividing the longest flow path into several 

hydraulically distinct segments. Travel times for sheet flow and shallow concentrated flow were 

estimated using methods presented in the National Engineering Hanqbook (USDA, 2010). Travel times 

for open channel flow were estimated using average velocities of the previously prepared model of the 

Little North Fork Watershed which simulated the 20-year peak discharge (OEI, 2019; Figure 2). 

The travel time for sheet flow was estimated using a simplified version of the Manning's kinematic 

solution. This calculation used a Manning's Roughness Coefficient of 0.40 representative of sheet flow in 

woods with light underbrush. Slope was estimated from the Mendocino County LiDAR_and the 2-year, 

24-hour rainfall was obtained from NOAA Atlas 14. The National Engineering Handbook indicates that the 

length of sheet flow typically does not exceed 100 feet and provides an empirical relation to calculate 
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sheet flow length. However, because this empirical relation suggested a sheet flow length greater than 

100 feet, sheet flow length in the travel time calculations was limited to 100 feet. Based on these 

parameters, the travel time for sheet flow was estimated to be 14.0 minutes. 

Shallow concentrated flow with depths of less than 0.5 was assumed to extend for approximately 500 

feet. Previous hydraulic modeling of the 20-year peak discharge shows that at the upstream boundary of 

the model, which is approximately 2,500 ft downstream of the watershed divide, that the depth of flow 

was already approximately 0.75 feet. Flow depths were assumed to exceed 0.5 feet after roughly 500 

feet. Although specific calculations were not performed to verify this assumption, reasonable variations 

within the length of shallow concentrated flow do not substantively alter the basin's lag time. The travel 

time for shallow unconcentrated flow was calculated using an average slope from the Mendocino County 

LiDAR and a velocity nomograph presented in the National Engineering Handbook. These sources yield 

an average flow velocity of 1.6 feet per second (fps) and a travel time of 5.2 minutes for shallow 

u nconcentrated flow. 

Table 1: Parameters used to calculate time of 
concentration for the longest flow path. 

traveiTitl'le,sheet Flow (min) 
. Manning'~ Roughness Coefficient 0 
SheetFIOINlengttr(ft) 
2-year,24~hourPredpitation (in) 
Slope oflandsurface {ft/ft) 

·· Average FloW\fero;aty{ft/s) · 

Trav~l Timei Shal.l()W Cone. Flow (min) 
Shallow Cone:. FlOw Length (ft) 
Average Qhal1nel Slope (ft/ft) 
Average Flow Velocity (ft/s) 

Travel iih-;~, Op~~ Channel., 10 (~in} 
· ·.10bpen Chant1ei ~enth(ft) 

Average FlowVelodtv (ft/s) 
. - - -
•; -_ -_-- -

Travel Time, Open Channel- 2D{rrihi) 
10 Open Channellenth {ft) 
AverageFiow Velocity (ft/s) 

Time of Concentration (min) 

4.84 

0.19 
·o.12 

5.2 
500 
OAO 
1.6 

6S.o 
.17)~00 . 

4.57 

45.3 ... 
13,110.; 

4;82 I 

Table 2: Parameters used to estimate curve number. 

Time of Concentration (min) 
. . 

lag Time (min).·. 

Fl.ow Path length {ft) 
Avg. WatershedSiope (%) 

Potential Abstrc:tc:ti<?DJin) 

Inferred Curve Nurnber () 

The travel time for open channel flow was calculated using average flow velocities from the previously 

prepared hydraulic model. Travel times were calculated for two segments. The first corresponds to the 

steeper, confined portion of the river represented by the one-dimensional component of the model. The 

second corresponds to the lower-gradient portion of channel through the floodplain represented by the 

two-dimensional component of the model. Although the one-dimensional portion of the model 
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represents flows along the mainstem of the Little North Fork, not Doty Creek which contains the longest 

flow path, modeled velocities are believed to also be representative of conditions within Doty Creek. 

Based on these calculations (Table 1), open channel travel time for both segments is estimated to be 110.3 

minutes. 

Based on the travel times for these segments, lag time for the entire Little North Fork Gualala River was 

estimated to be 129.5 minutes (Table 2). Based on a maximum flow length of 31,522 ft and an average 

watershed slope of 0.47 ft/ft estimated from the Mendocino County LiDAR, the curve number for the 

basin was estimated to be 59 using Eq. 1 and Eq. 2. This is similar to the reference number value of 55 

given for "woods in good condition" with NRCS Type B soils (USDA, 1986), such as those that typify the 

Little North Fork Watershed. 

Where 

Where 

Tp =lag time (hrs) 
L =maximum flow length (ft) 
S =maximum potential retention (in) 
Y =average watershed slope(%) 

S =maximum potential retention (in) 
CN =Curve Number 

s = 1000- 10 
CN 

(eq.1) 

(eq. 2) 

For this storm event, initial losses (Ia) were considered negligible and were set to zero. The February 25th 

-26th, 2019 storm event occurred soon after other large precipitation events which left the soil column 

fully or close to fully saturated. Consequently, the additional depth of water from this storm required to 

fully saturate the soil column was likely small. While some initial losses may have occurred, during a long

duration storm such as the one which occurred on February 25th- 26th, 2019 when the peak precipitation 

intensity occurred several hours after the storm began, initial losses are unlikely to significantly affect the 

hydrograph peak or receding limb where flooding is predicted. 

The final parameter, the constant loss rate (Fa), was calibrated such that peak discharge from the 

simulated storm event was equal to the previously estimated peak 20-year discharge of 1,263 cfs for the 

Little North Fork watershed. Based on this calibration, the constant loss rate (Fa) was estimated to be 

0.071 in/hr. From a conceptual standpoint, the constant loss rate represents the rate at which 

precipitation can infiltrate into the soil column and is commonly interpreted as the saturated conductivity 

ofthe upper layers oft he soil column which is estimated to be 0.6 to 2.0 inches per hour for the dominant 

soil types in the watershed (USDA data from WebSoiiSurvey). In the context ofthis storm where the soil 

column is considered fully saturated, the constant loss rate may be conceptualized as the rate at which 

the underlying bedrock/aquifer can accept water from the soil column which would be expected to be 

significantly less than the saturated conductivity ofthe soil column. The constant loss rate of 0.071 in/hr 

thus appears to be reasonable. 
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Point Source Hydrograph Development 
Using the foregoing parameters (CN =59, Ia = 0.0 in, Fa= 0.071 in/hr), unique hydrographs were developed 

for each of the twenty-four point sources used in the hydraulic model. Lag times were calculated using 

Eq. 1 with average watershed slopes and maximum flow lengths determined from the Mendocino County 

LiDAR (Table 3). 

Watershed areas for each point source are the same as used in the steady-state model. For the mainstem 

and the nine modeled tributaries, subwatersheds were delineated to the upstream-most modeled point 

and inflows were applied at these locations. For smaller, un-modeled tributaries, subwatersheds were 

delineated where these channels intersected the floodplain. Flow contributions from the residual valley 

bottom areas were assigned to the various tributary subwatersheds proportionally based on the relative 

subwatershed areas. 

Table 3: Input parameters and peak discharges calculated for each point source used in the hydraulic model. 

Tributary areas do not include area reallocated to point sources from the valley bottom. 

0.52 
2 0.47. 0.61 8,051 0.37 
3 0.02 0.41 . >2;406 11 0.47 3,017 
4 0.03 0.44 2,Q79 12 0.45 2,667 
5 0.08 0.45 . 3,379 13 17 0.09 0.43 4,294 16 
6 0.34 0.36 8,134 18 0.07 0.41 4,944 19 
7 0.52 0.59 ..... 8,05LJ.;. 19 0.16 0,35 . .6A~10 26 .. 
8 0.14 0.41 18 20 0.02 0.37 2,284 11 
9 . 0.08 0.48 14 21 0.02 0.34 1,968 10 

10 0.43 0.57 21 22 0.01 0.49 6 
11 0.06 0.45 16 23 039 0.32 31 
12 0.16 0.60 14 24 0.11 0.37 19 

Results 
During the February 25th - 26th, 2019 storm event there were two distinct peaks in precipitation 

(Figure 4), one occurring around 6:00PM on the 25th and the other occurring around 12:00 PM on the 

26th. Of these two events, precipitation intensity was higher on the 25th, and was estimated to peak at 

slightly less than 0.40 in/hr. 

Discharge in the Little North Fork watershed, which has a relatively short time of concentration (Table 1) 

peaked at on February 25th. Peak flows simulated at the outlet of the watershed were 1,253 cfs, effectively 

identical to the 20-year peak discharge of 1,263 cfs estimated in OEI's ·previous study. Variation in 

discharge throughout correlated with precipitation rates, revealing smaller hydrograph peaks within the 

storm, with outflows exceeding 800 cfs three additional times (Figure 4). 

The time of concentration is significantly longer for the much larger North Fork watershed; as a result, 

instead of responding quickly to individual peaks in precipitation intensity, water elevation at the North 

Fork USGS stage gauge increased throughout the storm. Peak stage occurred at the USGS gage around 
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3:00AM on February 27th, more than nine hours after the last peak in the Little North Fork watershed. 

From this peak, it took approximately 14 hours for stage in the North Fork to drop below 11 feet (Figure 

4), at which point the floodplain in the Little North Fork watershed was no longer backwatered. 

For much of the storm, outflows from the Little North Fork watershed were very similar to inflows. The 

inflow and outflow hydrographs were offset in time, but flows do not appear to be significantly attenuated 

in shape or in magnitude by the Little North Fork's floodplain. Starting on the afternoon of February 26th 

as North Fork begins to backwater the Little North Fork, the inflow and outflow hydrographs diverge. This 

may be interpreted as the storage of discharge from the Little North Fork in this backwater. As stage in 

the North Fork begins to decrease on the morning of February 27th, this backwater drains. This is seen as 

outflows from the Little North Fork watershed when no inflows were simulated for any of its tributaries. 

(Figure 4). Although the floodplains which are inundated by the backwater at this time function differently 

than earlier in the storm, there is no reason to believe that floodplains outside of the backwater do. 

g ~ 0.1 
·- c ..... ·-ro ~ 
·'§_ ~ 0.2 
·- 'Vi u c 
<l! <lJ c: .... 0.3 c 

0 

02/25 0:00 
~~·------~~------~ 0 

02/2512:00 02/260:00 02/2612:00 02/270:00 02/2712:00 02/280:00 

--LN Fork (Inflows) -- LN Fork (Outflows) --North Fork (Stage) 

Figure 4i Hyetograph from scaled Oak Ridge RAWS near Annapolis 4ESE weather station data, simulated inflows 

and outflows from the Little North Fork watershed for the February 25th- 26th, 2019 storm event, and stage at 

the USGS North Fork Gualala River near South Fork Gualala River gage. 
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Inundation Timing 
Hydraulic modeling with hydrographs from the February 25th - 26th, 2019 storm .show extents of 

inundation that are similar to those predicted by the previous steady-state hydraulic model. However, in 

addition to displaying the extent of inundation, hydraulic modeling using the storm hydrographs allow for 

a detailed examination of when inundation occurred and for how long it persisted (duration) and how it 

relates to water elevation (stage) in the larger North Fork Gualala River. 

Across the majority of the Little North Fork floodplain, the maximum extent of inundation coincided with 

peak flows on the night of February 25th. The floodplain in the upper portion of the Little North Fork 

activated at discharges between 400 and 800 cfs and remained inundated throughout the day. During a 

break in the storm on the morning of February 26th, direct runoff is estimated to have dropped below 200 

cfs at the watershed outlet and water quickly receded from these floodplains. As flows increases later in 

the day on the 26th, these floodplains re-inundated and remained inundated throughout the day. 

While these floodplains became inundated at relatively low discharges, floodwaters appear to have 

quickly receded as discharge and stage decreased1
• This is supported by the inflow and outflow 

hydrographs. That they were only offset in time suggests that these floodplains do not store water for an 

extended period after stage decreases. 

The flooding regime is substantially different near the confluence with the North Fork Gualala. Like the 

rest oft he watershed, peak flows on the night of February 25th initially inundated a large area at relatively 

shallow depths. As discharge out of the Little North Fork watershed decreased on the night of the 25th 

and the morning of the 26th, the North Fork Gualala continued to rise, and the resulting backwater 

prevented this area from fully draining. For the remainder of the storm, the extent of inundation near 

the confluence was controlled by the stage of the North Fork Gualala River. It peaked at approximately 

3:00AM on February 27th at which point the entire North Fork Gualala floodplain was activated. Flooding 

continued for approximately twelve hours as stage decreased. 

Inundation Duration 
Model results also allow for the calculation of cumulative inundation durations throughout the model 

domain. During the February 25th- 26th storm event, floodplains were inundated for between 30- 50 

hours outside of the Little North Fork floodplain affected by backwater of the North Fork and for between 

40- 60 hours within the area affected by North Fork backwater (Figure Sa). 

It should be noted that many of these areas are flooded to relatively shallow depths. When results are 

screened for areas that are inundated to a depth of at least 0.5 feet, the extent and duration of inundation 

is much less. Outside of the North Fork backwater, inundation greater than 0.5 feet only occurs for 

approximately 10 hours. The downstream portion ofthe North Fork backwater is inundated at a depth of 

greater than 0.5 feet for between 30-50 hours, but much of its periphery is inundated for a much shorter 

1 Note that HEC-HMS only simulates direct runoff; the hydrograph for this complex storm event does not reflect 
delayed runoff from soil drainage (i.e. interflow). Flows in the lower range of the simulated hydrograph (below 
about 200-400 cfs) are likely to be higher than shown in Figure 4. We believe that the simulation fairly represents 
floodplain drainage; however, in portions of the Little North Fork where flooding occurs at the lower discharge, 
depth and duration of inundation may be underestimated. 
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time (Figure Sb). The model simulations indicate relatively rapid floodplain drainage within the duration 

of the rainstorm. 

Compared to portions of the North Fork Gualala floodplain included in the model, floodplains in the Little 

North Fork are typically inundated longer. Floodplains along the North Fork Gualala near the confluence 

are inundated for 10- 20 hours, roughly 20-40 hours less than most floodplains in the Little North Fori<. 

However, while shorter in duration, inundation of floodplains along the North Fork appears to be at 

greater depths. When considering only inundation at depths above 0.5 feet, inundation along the North 

Fork Gualala persists for 10-20 hours as compared to approximately 10 hours for most floodplains in the 

Little North Fork outside the backwater. 

Interpretation of Results 
Inundation durations were based on the February 25th- 26th, 2019 storm event. Due to the double

peaked character of this storm, inundation durations may be somewhat uncharacteristic of other events 

generating the 20-year peak discharge. Nevertheless, floodplain dynamics represented in this model will 

be broadly applicable to other similarly sized storms. 

Floodplain areas in the Little North Fork watershed drain quickly and do not store significant amounts of 

water after stream stage has decreased below the banks. This indicates that potential use of floodplain 

habitat by anadromous fish (e.g. coho salmon that could hypothetically be present in the watershed) 

would be limited primarily to flood refugia rather than off-channel rearing habitat. This is a 

physical/geometric property of the floodplain and is likely independent of storm distribution. Similarly, 

the timing of the backwater caused by the North Fork is dependent on the difference in lag time between 

the two watersheds. While this is somewhat variable with storm and antecedent conditions, it is largely 

a function ofthe size and shape ofthe watersheds. 

Additionally, hydraulic modeling showed some areas that do not drain after inundation. Most of these 

are the size of a single grid cell or a few grid cells and are likely an artifact of model limitations. The model 

probably does not accurately represent the shallowest flow paths on a sub 2-m grid scale. While there 

are depressions within the floodplain that will store water after most of the floodplain drains, we believe 

these apparently undrained areas are much less prevalent than suggested in the simulation. Furthermore, 

this model does not account for infiltration of water on the floodplain that would also tend to diminish 

the extent of apparently undrained area. 
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Figure 5: Cumulative duration of inundation over the period of simulation (7:00AM February 2511
' 

-7:00PM February 2rh, 2019}. 
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Figure 5: Cumulative duration of inundation at depths of greater than 0.5 feet over the period of 
simulation {7:00AM February 25th-7:00PM February 2rh~ 2019). 
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Introduction 
This evaluation of potential"channel migration zones" (CMZs) within the Little Timber Harvest Plan (THP) 

was performed by O'Connor Environmental, Inc. (OEI), for Gualala Redwood Timber, LLC. The purpose of 

this evaluation is to determine whether CMZs as defined by California Forest Practice Rules are present in 

the THP area, and if so, delineate them. In addition, we evaluate two specific locations identified by 

California Department of Fish and Wildlife (CDFW) during a May 14, 2019 Pre-Harvest Inspection of the 

THP where CDFW believes CMZs are present. This CMZ evaluation follows from OEI's "Floodplain Study 

for the Little North Fork Gualala River" (Floodplain Study) dated March 21, 2019 which documents an 

hydrologic and hydraulic simulation model implemented to estimate the extent of the 20-year floodplain 

to assist in compliance with Forest Practice Rules pertaining to "flood prone areas". 

The Floodplain Study utilized a steady-state hydraulic model to simulate the distribution and depth of 

flooding for the estimated 20-year flood discharge of the Little North Fork Gualala (LNFG) including the 

hydraulic backwater effects of flooding in the North Fork Gualala River (NFG). The Floodplain Study was 

supplemented by a second hydrologic and hydrauli'c simulation focused on the duration of floodplain 

inundation and floodplain drainage ("Floodplain Inundation Duration Study for the Little North Fork 

Gualala River" dated July 10, 2019). The Inundation Duration Study utilized newly available precipitation 

records from a gage operated by Sonoma Water located near Annapolis. These precipitation data enabled 

us to develop a hydraulic model with unsteady flow that simulates flooding in the LNFG over a 60-hour 

period February 25-27, 2019 that is believed to have been a 20-year flood or greater. The Inundation 

Duration Study enabled us to simulate the complex pattern of flooding that occurs in LNFG and is relevant 

to the CMZ evaluation because it simulates the timing of floodplain flows and the stream discharge in the 

LNFG associated with initiation of floodplain flows throughout the model domain. 

Descriptions of the LNFG watershed (Figure 1) are provided in the Floodplain Study and the Inundation 

Duration Study, as well as in the Little THP, and are not repeated here. 

Qualifications 
The CMZ evaluation has been prepared by Dr. Matthew O'Connor, PG #6847, CEG #2449 (California) and 

LEG #2680 (Washington). Dr. O'Connor has extensive experience in watershed hydrology and 

geomorphology in forested environments of northern California and the Pacific Northwest gained over 

the past 30 years. Dr. O'Connor has observed and evaluated CMZs in several watershed-scale study areas 

in the Olympic Mountains and Cascade Range in Washington, in the Rocky Mountains in Montana, and in 

the northern California Coast Range. In addition, Dr. O'Connor has conducted in-depth studies of CMZ 

processes and occurrence in the Pacific Northwest1 and in coastal watersheds in Mendocino County2
• Dr. 

O'Connor's curriculum vitae can be made available if a complete account of his qualifications is of interest. 

1 O'Connor, M. and Watson, G. 1999. Geomorphology of Channel Migration Zones and Implications for Riparian 
Forest Management. IN Design of Effective Riparian Management Strategies for Stream Resource Protection in 
Montana, Idaho, and Washington-Native Fish Habitat Conservation Plan Technical Report No.7, Plum Creek 
Timber Company. 
20'Connor, M. 1998. Channel migration zone investigation. Draft Report prepared for The Timber Company, Ft. 
Bragg, CA. O'Connor Environmental, Inc., Healdsburg, CA. 12 p. 
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Figure 1: Location of proposed THP within the Little North Fork of the Gualala River watershed. 
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Methods 
The California Forest Practice Rules 2019 provide an incomplete definition of CMZs (refer to Subchapter 

1, Article 1-Abbreviations and Definitions, p. 5, and Subchapter 4, 5 and 6, Article 6-916.9, 936.9, 956.9 

Protection and Restoration of the Beneficial Functions of the Riparian Zone in Watersheds with Listed 

Anadromous Salmon ids, pp. 81-104). At the direction of the California Board of Forestry, the Department 

of Forestry and Fire Protection and the Department of Fish and Wildlife developed a guidance document3 

to assist Registered Professional Foresters, landowners, regulatory personnel, and other professionals in 

application of Anadromous Salmonid Protection (ASP) rules. On page 17 ofthis guidance document, the 

question is posed and answered as follows: 

How is the CMZ to be determined in the field? Provide greater clarity on factors to observe in the 
field to make this determination. 

The CMZ is defined as "the area where the main channel of a watercourse can reasonably be 
expected to shift position on its floodplain laterally through avulsion or lateral erosion during the 
period of time required to grow forest trees from the surrounding area to a mature size, except as 
modified by a permanent levee or dike." RPFs are encouraged to review the document titled 
Standard Methods for Identifying Bankfull Channel Features and Channel Migration Zones (WFPB 
2004) for detailed information on how to determine if a CMZ is present. This document provides 
a flowchart for CMZ determination. RPFs may also refer to A Framework for Delineating Channel 
Migration Zones (Rapp et al. 2003). Both documents are available online (the websites are listed 
in the references section). Determination of a CMZ can be conducted by RPFs that have knowledge 
regarding riparian landforms and channel morphology. 

It is most appropriate to determine if channel migration has historically occurred using a 
combination of office methods (e.g., a series of aerial photographs covering a wide time frame, 
topographic maps) and field inspection. CMZs are found in areas with unconfined channels (i.e., 
valley floor width is greater than two (2) times the bankfull channel width), Field inspections will 
reveal past lateral movement of the channel, often age-progressive bands of trees (e.g., red alder) 
on the floodplain, and at least one side channel on the floodplain at or below bankfull elevation of 
the main channel (WFPB 2004). 

In conformance with the ASP guidance document recommendations, and to provide an organizing 

structure for our independent evaluation of channel migration in the LNFG, we utilized the procedures 

described in the Washington Forest Practices Board (WFPB) pertaining to channel migration zones. The 

WFPB procedure to determine the presence of CMZs begins with an office-based review of maps and 

aerial photographs and is followed by a field evaluation. The WFPB guidance document provides forms 

that summarize the office (Figure 2) and field (Figure 3) review procedures. These procedures have been 

followed and the findings are reported below. 

3 Anadromous Salmonid Protection Rules: Revised Interpretive Question and Answers for RPF's and Landowners. 
2014. Prepared by California Dept. of Forestry and Fire Protection and California Dept. of Fish and Wildlife. June 
16, 2014. 54 p. 
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Board .Manual-11/10()4 CTuumeLUigmtion Zoues and Ballktllll CTmnnel Features 

Cl\lZ Office Review Form 

Collect appropriate tools, including USGS 7%' quadrangle topographic maps, current and 
historic aerial photographs (oldest and some years m behveen oldest and most recent is 
recommended/. List the source, year, and scale of all historical information used (for example, 
DNR aerial photograph, 1995, 1 :12000): 

Examine upstream and downstream from the harvest 1mit bmmdaries as necessary to determine 
stream bel:Javior. If the stre.am of interest is not mapped on the USGS topographic lll.'tp, or if 
channel features are too small to be -visible on the aerial photographs, proceed to the Field 
Evahotion F onn. 

Question 1: Do yuu observe obvious channel movement betlveen aerial photograph years? 

No. Go to Question L 
Yes, Proceed directly to Part 23 Delineating the Channel Migration Zone. 

Question 2: Using Board Manual guidance, evahmte valley confinement from USGS 
Topographic Map or aerial photograph>. 

Valley floor is sigllificantly wider than the channel Channel migration may be 
occurring. 

Valley floor is very n;mow, obviously less than t1vice as wide as the chalillel If 
you can clearly see this circumstance on the aerial photographs, it is unlikely that 
channel migration is occurring. 

In both cases, proceed to Question 3. 

Question 3: On the aerial photographs, do )'OU observe: 

Yes No 
__ SecondaryChannels 
__ Muhiple Channels {braiding or ana branching) 
__ Large Grawl Bars 
__ Young Distur1xu1Ce Vegetation 
__ Eroding Banks 
__ High Sinuosity 

Wood Jams 

ICyes,, to 1 or more channel feahl!es, channel migration is likely to be occurring. Proceed to 
Part 2.2 Field Evahmtion to Det=line C:bannellvligration. 

If none of these channel features are evident on the aerial photographs, proceed to Field 
Evahotion to Determine Channel Migration to confirm toot no channel migration has historically 
occurred. 

M2-7 

Figure 2. WFPB form for CMZ office review. 
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Channel Jlign1tion Zones aml Baulifhll CTramwl Featm·ff Board Almrual-11/1004 

Field Evaluation Form 

E1idence 
Observations Ni'.x:t Step 

Cat~ory 

Valley Cl The width of the \>'alley floor is less No CMZ; delineate IDAZ from 
Confinement than 2 times bankfull width of the bankfull edge. 

channel. 
C2 The width ofthe valley floor is CMZ may be present; continue 

equal to or greater tb.1n 2 times the to lateral activity category. 
bankfull \¥idth of the channeL 

Lateral L1 No lateral movement po&sible dne to No ClviZ;; delineate R11Z from 
Activity presence ofbedrock bed and banks bankfull edge. 

or other erosion-resistant material. 
L2 There is o bvi:ous lateral movement Proceed to deline.ating the C.MZ. 

of the cllanne1. 
13 N ei:lher L1 nor 12 is true. Continue to vegetation category. 

Vegetation Vl Along a representative channel, old No CMZ; delineate RMZ from 
gro\\rth conifer trees or stmnps occur bankfull edge. 
uninte1mpted from higher terraces or 
valley walls do\\ln to both stream 
edges and there are no secondary 
chrumels. 

V2 There are age-progressive bands of The channel is migrating or lias 
trees or other linear vegetative historically migrated. Proceed to 
features of channel migration on the delineating the C1YiZ. 
floodplain. 

V3 There is no v-egetative evidence of Continue to secondary channels 
channel migration (except, perllaps; category~ 

interrupted old gro\1Jih trees or 
stumps). 

Secondary Sl There are no secondary channels. No GMZ .. Delineate IDvfZ from 
C.1Iannels bankfull edge~ 

S2 There are secondary cllannels on the Historical channel migration 
floodplain and all bed elevations lie may have occurred but was not 
above the bankfi.ill ele\ration of the identified by this evahtation. 
main channel_ Proceed to Part 2.3 Delineation 

of the Historica11·1igrationZone 
(HMZ) for :further evaluation. 

S3 There is at 1ea.st one secondary The channel is migrating; 
channel on the floodplain with bed proceed to delineating the ClvfZ. 
elevation at or below bankfull 
elevation. 

~fl-12 

Figure 3. WFPB form for CMZ field evaluation. 
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Office Review to Determine Channel Migration 
The office-based review as set forth in WFPB guidance (Figure 2) relies on topographic maps and aerial 

photographs. For this CMZ evaluation and the aforementioned hydraulic models, we have utilized the 

highly accurate LiDAR-derived digital elevation model for the project area for 2017. The LiDAR OEM is 

publicly available data that we obtained through the US Geological Survey National Map Viewer website. 

Hydraulic model output displayed on maps of the LNFG valley represent the extent and depth offlooding 

on the LNFG floodplain for a ~20-yr recurrence interval flood event that occurred in February 2019. The 

map of floodplain inundation and floodplain flow paths (Figure 7 from the Floodplain Study and 

reproduced in this document as Figure 3) provides a direct representation oft he channel of the LNFG and 

its depth along with flows outside of the channel of the LNFG, including any existing flow paths that could 

be interpreted as existing or potential channels. A portion of Figure 7 from the Floodplain Study is 

reproduced here as Figure 5; it points out two locations (CDFW 1 and CDFW 2) identified by CDFW during 

the PHI in May 2019 as examples of migration channels subject to CMZ restrictions under the ASP rules. 

Per step 1 of the WFPB guidance and our own professional experience, we first obtained the available 
aerial photography for the LNFG valley and the Little THP. Gualala RedwoodTimber provided the aerial 
photographs listed in Table 1 spanning a 58-year period. Dr. Matthew O'Connor reviewed each set of 
photographs using a Topcon MS-3 Mirror Stereoscope with 3x binoculars. 

Table 1. Aerial photographs reviewed. 

Date Type Scale Photo Numbers Vendor (if known) 
1952 (Sept. 22) B&W -1:20,000 AV-101 04 01,02 Sunderland Aerial Photographs, Oakland 
1953 (Aug. 4) B&W 1:20,000 CSH-9K-125, 126 n.a. 
1956 B&W -1;12,000 SSM-6 11-21, 12-22,23 13-22,23 Western Aerial Contractors, Eugene 
1959 (May 4) B&W 1:15,000 AV-325 02-03,04,05 03-05,06,07 Hammon, Jensen & Wallen, Oakland 
1965 (Sept. 29) B&W -1:15,000 AV-688-02-06,07 Hammon, Jensen & Wallen, Oakland 
1971 (Sept. 15) B&W 1:15,000 AV-1 008-2-1,2,3,4 n.a. 
1973_ (Oct. 17) B&W 1:12,000 AV-1122-03-04,05,06,07,08,09 n.a. 
1988 (Aug. 16) B&W 1:15,840 AV 3375 2-4,5,6 3-6,7,8 n.a. 
1993 (June 26) B&W 1:15,840 AV 4473 3-4,5,6,7 n.a. 
1994 (June 8) B&W 1:15,840 AV 4666 3-4,5,6 n.a. 
1996 (July 1) Color 1:15,840 KAV 5184 3-4,5,6,7 n.a. 
1998 (July 17) Color 1:15,840 KAV 5971 3-4,5,6,7 n.a. 
2004 (June 16) Color -1:12,000 CO-OP 2004 1 0-23-6,7,8,9, 10 n.a. 
2010 (July 19) Color 1:16,000 GRI1-124,126,128,130,132 n.a. 

Per Question 1 of the WFPB office review, Dr. O'Connor did not observe evidence of significant channel 
movement between aerial photograph years. For the most part, the channel of the LNFG was not visible 
under the forest canopy. There were a few locations where short lengths of the LN FG channel were visible 
depending on sun angle, shadows and the presence of gaps in the forest canopy. 

The negative finding to Question 1 leads to Question 2, which inquires whether the valley floor is 
significantly wider than the channel. In the southerly "compartment" of the Little THP (demarcated for 
this description at its northern end by the bridge crossing of the principal road along the LNFG valley; this 
is also just upstream of Site 5 on Figure 4), the valley floor is typically several times the width of the 
channel, which suggests the potential for channel migration. Regardless of the answer to Question 2, the 
procedure leads on to the next question. 
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Question 3 asks for additional detail regarding features of interest pertaining to potential evidence of 
channel migration. Of the seven features on this list, only "Young Disturbance Vegetation" was observed. 
This feature was observed in the first 0.2 miles of the LNFG within the northern boundary of the southern 
compartment ofthe Little THP (near Sites 4 and 5, Figure 4), and became noticeable in color photographs 
in 1998. In this same area, along the east edge of the LNFG valley floor, numerous snags were evident 
and persisted in this area thereafter. 

One portion of the LNFG channel that was generally visible in aerial photography is at the location CDFW 
2. In one ofthe earliest sets of photographs {1953), the bend in the channel ofthe LNFG to the east away 
from the southerly floodplain flow path associated with CDFW 2 was visble. This easterly bend is 
frequently visible in subsequent aerial photographs. In the 1988 photos, there are noticeable changes in 
the forest canopy at CDFW 2; there is also a linear road grade feature that can be seen on the LNFG 
floodplain that terminates about 600ft south of CDFW 2. There was not, however, any clear evidence of 
significant flow or channel-forming process along the floodplain flow path at CDFW 2, and in the next set 
of photos {1993), the subtle change in canopy at CDFW 2 was no longer evident. There was never any 
indication in any of the aerial photographs of channel development from the LNFG along the floodplain 
flow path at CDFW 2. 

The absence of the characteristic signature of channel migration in historic aerial photography is a 
significant finding. Significant channel migration by gradual bank erosion or by avulsion erodes the 
floodplain or terraces to a depth comparable to the existing channel; this erosion would undermine 
existing forest vegetation leaving linear or curvilinear gaps in the forest canopy that are readily apparent 
in aerial photography. If channel migration processes are present, there is typically evidence of past 
channel migration in the form of distinctive patterns of vegetation corresponding tb sera I stages of forest 
vegetation associated with disturbance. In my professional and academic experience, significant channel 
migration on a valley floodplain of this size would be evident in this aerial photo record, particularly 
considering the large number of photo sets (14), their frequency (the longest gap was only 15 years from 
1973-1988), and quality (photo sets complete with stereo pairs in good condition). 

Regardless of the findings of the CMZ office review (positive or negative regarding evidence of channel 
migration), the procedure directs the review to proceed to "Field Evaluation". 

Field Evaluation to Determine Channel Migration 

Field criteria to identify indicators of channel migration per the WFPB procedure are summarized in Figure 
3. The WFPG guidance is generally helpful in identifying field criteria but does not address how to select 
field areas for evaluation in the absence of evidence of channel migration from aerial photographs. Field 
reconnaissance was guided by inspection of results from hydraulic modeling, topographic data, prior 
reconnaissance in March 2019 to validate hydraulic model predictions, and two locations identified by 
CDFW as evidence of existing or potential channel migration. Six sites, each about 0.1 mile or more in 
length (Figure 4), were visited on May 31, 2019 to evaluate channel migration. Conditions at each site 
are discussed below with respect to criteria in the WFPB methodology and other observations relevant to 
channel migration processes. Field observations pertaining directly to the "Field Evaluation Form" (Figure 
3) from each site are summarized in Table 2. Figure 6a, 6b, 6c and 6d provide maximum predicted water 
depth from hydraulic model simulations developed for the Inundation and Drainage Study; these maps 
were used to estimate depth of flow in the main channel of the LNFG as well as secondary channels and 
floodplain flow features. Figures 6a-d also locate CMZs identified based on field reconnaissance. 
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Figure 4. Extent and depth of simulated 20-yr recurrence interval flooding in LNFG. 
Numbered blue ovals refer to field reconnaissance areas for channel migration. 
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Figure 5. Hydraulic simulation of extent and depth of 20-year flood in the lower LNFG watershed. 
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Figure 6a. Maximum extent and depth of February 25-27, 2019 flood from hydraulic simulation model from the 

Inundation and Drainage Study of the lower LNFG watershed (downstream portion, map 1 of 4}. 
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Figure 6b. Maximum extent and depth of February 25-27, 2019 floodfrom hydraulic simulation model from the 
Inundation and Drainage Study of the lower LNFG watershed {downstream portion, map 2 of 4}. 
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Figure 6c. Maximum extent and depth of February 25-27, 2019 flood from hydraulic simulation model from the 
Inundation and Drainage Study of the lower LNFG watershed (middle portion, map 3 of 4}. 
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Figure 6d. Maximum extent and depth of February 25-27, 2019 flood from hydraulic simulation model from the 
Inundation and Drainage Study of the lower LNFG watershed (upstream portion, map 4 of 4}. 
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Table 2. Observed conditions per field evaluation form 

Site Valley Lateral Activity Vegetation Secondary 
Confinement Channels 

1 C2-valley width > L2-obvious lateral V3-no vegetative 53-existing 
(includes CDFW 1) 2x bankfull width movement- evidence of secondary 

existing secondary channel migration channel at island 
channel at island 

2 C2-valley width > L3-no obvious V3-no vegetative 53-existing 
(includes CDFW 2) 2x bankfull width constraint on evidence of secondary 

lateral movement channel migration channel at island 
nor obvious lateral (upstream on 
movement opposite bank 

from CDFW 2) 
3 C2-valley width > L2-obvious lateral V3-no vegetative 53-existing 

2x bankfull width movement- evidence of secondary 
existing secondary channel migration channel at island 
channel at island 

4 C2-valley width > L3-no obvious V3-no vegetative 53-existing 
2x bankfull width constraint on evidence of floodplain flow 

lateral movement channel migration feature at east 
nor obvious lateral edge of valley 
movement floor 

5 C2-valley width > L3-no obvious V3-no vegetative 51-no existing 
2x bankfull width constraint on evidence of secondary 

lateral movement channel migration channels 
nor obvious lateral 
movement 

6 C2-valley width > L3-no obvious V3-no vegetative 51-no existing 
2x bankfull width constraint on evidence of secondary 

lateral movement channel migration channels 
nor obvious latera I 
movement 
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Site 1 
This field site includes the floodplain flow feature identified as CDFW 1; the specificfloodplain flow feature 
is also identified on a larger-scale map (Figure 5). This portion of the LNFG lies within the upstream edge 
of backwater flooding caused when the North Fork Gualala (NFG) is at flood stage. Consequently, 
overbank flows are more likely to occur than in areas farther upstream and unaffected by the NFG 
backwater and, when they do occur, overbank flow moving down stream will frequently encounter 
ponded flood water of the NFG within about 500ft or less. The CDFW 1 floodplain flow feature may be 
considered a "distributary" channel in that is does not rejoin the main channel as a discrete channel; the 
overbank flood flows transported via this distributary channel spread and mix with numerous other 
floodplain flow features and do not have a discrete reconnection point with the primary channel. In 
addition, this site is located near the confluence with another body of water (the NFG) that creates a base 
level affecting geomorphology of the channel ofthe LNFG. 

CDFW 1 is a location where flow escapes the channel of the LNFG over the low bank on the outside bend 
of a secondary channel as it curves back to rejoin the main channel of the LNFG less than 100ft away. The 
secondary channel, separated from the primary channel of the LNFG by an island about 200ft long and 
50ft wide, is itself characteristic of the style and scale of channel migration that appears to occur on the 
LN FG. The secondary channel has a depth (~3 to 4ft) that is about half that oft he primary channel (~4 to 
7ft), and it carries bedload sediment of the same caliber as that of the primary channel. The secondary 
channel is clearly a channel in that is does not contain terrestrial soil, vegetation or forest litter. Small 
islands ofterrestrial vegetation are formed where small-scale, local channel migration occured in this area 
and secondary channels forming these islands should be considered Class I channels subject to ASP 
regulations; these channels are delineated in Figure 6a. 

Secondary channels appear to result from a combination of 

• large standing redwood trees and stumps that obstruct either the channel or floodplain flow, 

• LWD accumulation (often captured by trees or stumps), and 

• local accumulations of sediment related to LWD. 
These flow obstacles occupy channel volume, increase local flow resistance, and divert flow; the diverted 
flow is believed to eventually form the secondary channel. Based on field observations in the LNFG, this 
process appears to be gradual. Accumulation of LWD and sediment gradually sets the stage for avulsion, 
presumably triggered by a flood event that adds new LWD and sediment and creates localized flow depth 
and/or velocity that exceeds an erosion threshold to form a secondary channel. Observations of several 
islands and the channel patterns evident from hydraulic modeling indicate that these avulsions create 
short secondClry channels that rejoin the existing primary channel within 200ft or less. This likely occurs 
because the floodplain is already occupied by overbank flow, so that water escaping the channel 
immediately encounters a local backwater that dissipates flow momentum, and because slope gradient 
of the floodplain is comparable to the channel gradient and the main channel is already following the 
steepest down-valley gradient. It has been observed that substantial avulsion channels form when the 
local floodplain slope is greater than the local channel slope (Jones and Schumm 1999, Bridge 2003, as 
cited in the WFPB guidance document-page M2-28). 

The recent overbank flow of the LNFG during the ~20-year flood event in February 2019 at CDFW 1 carried 
bedload sediment (gravel) out of the secondary channel and onto the floodplain at the head of the 
floodplain flow feature. The gravel was deposited within about 20 feet oft he beginning ofthe floodplain 
flow feature beyond which deposits of sand and silt were observed broadly across the floodplain. 
Although there was a discernable channel or swale in which flow was concentrated to depth of about 1 

366.69 added 8/7/19 



to 2 ft, the flow that escaped the side channel of the LNFG did not have erosive power to create an 
alternative channel comparable to either the secondary channel or main channel of the LNFG. Forest 
vegetation and litter, now covered in a fresh layer of silt and sand deposits, characterize the floodplain 
surface where this shallow floodplain flow feature occurs. 

The overbank flow in the floodplain flow feature identified as CDFW 1 does not constitute channel 
migration. A migrating channel must be capable of eroding a new channel to a depth comparable to that 
of the existing principal or secondary channel and be capable of transporting the bedload of the primary 
channel. That condition is necessary in order that a migrating channel be capable of disturbing forest 
vegetation on the floodplain that would distinguish it from a floodplain flow feature (here defined as 
concentrated flow following a linear or curvilinear swale carrying overbank flows). 

Site 2 
This field site includes the floodplain flow feature identified as CDFW 2; the specific floodplain flow feature 
is also identified on a larger-scale map (Figure 5). The CDFW 2 floodplain flow feature may be considered 
a "distributary" channel in that is does not rejoin the main channel as a discrete channel; the flood flows 
transported spread and mix with numerous other floodplain flow features. 

A substantial floodplain flow feature lies just upstream on the opposite bank and rejoins the primary 
channel just downstream of the floodplain flow feature identified as CDFW 2. This floodplain flow feature 
is separated from the primary channel of the LNFG by a small island and has a depth (~2 to 3 ft) that is 
less than half that of the primary channel (~5 to 7 ft). This feature does not carry bedload sediment 
(gravel) and is mantled by shrubs. Overbank flows in this feature are evidently recurrent, and the shrub 
and grass community grow in mesic soil that appear to be sand and silt deposits. Abundant LWD is 
accumulated in complex jams distributed over about 200ft upstream of this feature. It is not a migrating 
channel but has the potential to become a secondary channel. 

CDFW 2 is a location where flow escapes the LNFG to the south over the low bank on the outside bend of 
the primary channel. The overbank flow through this floodplain flow feature is not more than 2ft deep 
where it escapes from the primary channel. Overbank flow at CDFW 2 is likely moderated by the 
aforementioned floodplain flow feature just upstream on the opposite bank. There was clear evidence of 
flow in this linear feature with depths ranging from about 0.5 to 3.0 ft that extends about 400ft down 
valley to the south where the flow it carries apparently dissipates broadly across the floodplain. CDFW 2 
possibly originated as a road or skid trail. CDFW 2 is not a migrating channel; it does not carry the bedload 
of the LNFG and it flows across a vegetated surface in a swale otherwise characteristic of the forest floor. 

Site 3 
This site was selected for reconnaissance owing to the presence of potential secondary channels indicated 
by the hydraulic model and the presence of a series of islands with secondary channels similar to those 
observed at and described in relation to Site 1. LWD accumulations were found jammed at the upstream 
edge of some islands and in either the secondary or primary channel. Some island features did not have 
LWD accumulations present; it appears that there are shifting accumulations of LWD driven by peak flows. 
The recent flood flows of February 2019 appeared to have re-arranged LWD and caused deposition of silt 
and sand in some of the deeper (~2ft) overbank floodplain flow features. 

Overbank flow in this area is limited and found in floodplain flow features along the right (west) bank of 
the LNFG. Consequently, overbank flow tends to concentrate in overbank flow features that do not 
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uniformly meet the criteria adopted for a secondary channel (depth of channel at least half of primary 
channel transporting primary channel bedload sediment and the absence of terrestrial vegetation). The 
deeper floodplain flow features (~2-3ft) lying nearest the existing primary channel (depths ~4-7ft) along 
the right bank are secondary channels (delineated in Figure 6b); as at Site 1, these secondary channels are 
readily defined by associated islands of terrestrial vegetation and should be considered Class I channels 
subject to ASP regulations. 

Site4 
This site was selected for reconnaissance owing to the presence of a floodplain flow feature along the 
east edge of the LNFG valley that deepens downstream; this flow feature carried a small amount of flow 
in the simulation model developed in the Floodplain Study but not in the simulation model developed in 
the Inundation Duration Study. Field verification of the Floodplain Study found evidence that a small 
amount of overbank flow did reach this channel in the February 2019 flood. Both models show the lower 
end of this floodplain channel, which rejoins the LNFG about 1,000 ft downstream of its origin, fills with 
water to depths as great a 5 ft, primarily from backwater of the LNFG. 

This floodplain channel at its upper end lies at an elevation that is near the threshold of overbank flow at 
a point where the primary channel oft he LNFG is very narrow and confined on the east bank by the valley 
wall and turns at a near right angle to the west, immediately encountering a large LWD accumulation. The 
floodplain channel is 1-2ft deep in the first ~200ft before it begins to gradually deepen and widen until a 
gully-head channel form is reached and the channel significantly enlarges to a cross-section ~4ft deep or 
greater and ~10-15 ft wide. Field and aerial photo observations suggest that this floodplain channel is 
located on--and was formed because of--a road grade that existed in this alignment. This relatively large 
channel does not appear to normally carry significant flow or sediment. 

The valley floor lying between this floodplain channel and the LNFG is 200 to 300ft wide. The hydraulic 
models indicate that most of this surface is not inundated in the simulated 20-year flood flow except for 
a relatively small area on its west edge with water depths of< 0.5 ft. Surprisingly, this surface contains 
numerous and widely distributed large conifer snags and a sera! stand of alder that was first observed in 
the 1988 aerial photos. The prior set of aerial photos from 1973 do not show this vegetation pattern. The 
disturbance that produced this vegetation pattern is not understood; however, Gualala River Timber 
personnel believed that a retired forester who worked in the watershed had reported that a landslide 
disturbance affected this area. An episode of sedimentation could have conceivably produced this 
surface; this could possibly explain the conifer snags (killed by burial ofthe root collar), the sera! stand of 
alder, and theapparent elevation oft his area above the level oft he 20-year flood. It should be noted that 
the sera I stand in this area is uniform in character and does not express linear or curvilinear vegetation 
patterns that may be interpreted as evidence of channel migration. 

The floodplain channel lying near the boundary ofthe valley floor and the eastern valley wall has a high 
potential for being enlarged by an avulsion of the LNFG which could partially or completely occupy this 
location. At its downstream end, this channel reaches depths comparable to the main channel of the 
LNFG. The potential avulsion channel subject to ASP CMZ rules is delineated in Figure 6c. 

Site 5 
This site was selected for reconnaissance owing to the presence of the floodplain flow feature identified 
as Site 4. This area lies at the mouth of a Class II S tributary on the east side of the LNFG valley; it was 
hypothesized that this tributary valley may be the source of a landslide hypothesized to have produced 
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downstream sedimentation in the area of disturbed vegetation. The reconnaissance was therefore 
focused more on assessment of the area between the tributary and the LNFG for evidence of 
sedimentation associated with a hypothesized landslide. 

The area at the mouth of the Class II S tributary does have the characteristic geometry of an alluvial fan, 
possibly consistent with a landslide but also consistent with an alluvial fan absent a significant landslide. 
The LNFG in this part of the valley emerges from the narrowest portion of the valley where a bridge with 
a substantial causeway approach from both banks forces the LNFG channel to pass nearer the west edge 
of the valley. After passing under the bridge, the LNFG curves to the east until it intersects the east edge 
of the valley about 1,000 ft downstream of the bridge. This portion of the channel appears somewhat 
steeper and shallower than areas downstream, potentially consistent with the effect of landslide 
sedimentation, but this could also be caused by the effect of the flow obstruction effect of the road/bridge 
causeway just upstream. 

The west bank and western portion of the LNFG valley floor is unusually wet with large areas of perennial 
saturation. This area is not considered a channel migration area, but it is subject to extensive overbank 
flow that is drained by a swale system up to 3ft deep but occupied by terrestrial and forest vegetation. 

The overall interpretation of this area is that it may be locus of sedimentation originating from the Class 
II S tributary, but the magnitude of the sedimentation (putatively from a landslide) does not appear to be 
great enough to relate obviously to the conditions observed at Site 4. There is no CMZ at Site 5. 

Site 6 
This site was selected for reconnaissance owing to the presence of potential secondary channels indicated 
by the hydraulic model along the left (east) bank of the LNFG in the "middle compartment" of the Little 
THP. The LNFG channel flows along the west edge of the valley outside the THP boundary except for a 
400 ft segment of the channel that flows in the center of the valley floor after the channel departs the 
west edge of the valley. 

A small slump that occurred on the right (west) edge of the valley wall, apparently during the February 
2019 flood, and impinged on the LNFG channel. The landslide deposit is comprised mainly of a large multi
stem redwood clump that partially obstructed the channel. This type of mass wasting is believed 
potentially capable of initiating channel avulsion. Although overbank flood flows occurred in this area, 
this landslide did not cause a channel avulsion. 

The east (left) side of the valley floor lies in the 20-year floodplain and has flow depths on the floodplain 
mostly 1-2ft with small areas over 2ft deep. The LNFG primary channel is ~4-7ft where the overbank 
flows originate. This area is occupied by forest vegetation and does not transport bedload sediment and 
is therefore considered a floodplain flow path and not a secondary channel. Despite the landslide that 
impinged on the LNFG and that tended to divert additional flow to the eastern floodplain, no avulsion 
occurred. The floodplain in this area is not considered a channel migration zone. 
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Summary 
1. This investigation followed procedures recommended by the Board of Forestry to identify channel 

migration as required by ASP provisions of the Forest Practice Rules; the technical reference for 

identification of channel migration is the Washington Forest Practices Board's Standard Methods 

for Identifying Bankfull Channel Features and Channel Migration Zones (WFPB 2004). 

2. Aerial photographs covering the period 1953-2010 did not reveal channel migration processes in 

the LNFG. This is a significant finding in that channel migration processes, where present, are 

typically evident in historic aerial imagery, and because the ASP regulations apply to channel 

migration that occurs within the time frame required for the affected area to grow mature 

conifers. The absence of observable channel migration over a ~60-year period strongly suggests 

that channel migration processes subject to the ASP regulations do not occur in the LNFG. 

3. Field evidence and hydraulic simulations from two modeling studies of the LNFG prepared by OEI 

(the "Floodplain Study" and the "Inundation Duration Study") revealed that: 

a. Small-scale channel migration with lateral channel movement comparable to bankfull 

width (about 50ft or less) of the LNFG channel occurs and is caused primarily by large 

woody debris accumulations associated with redwood trees on stream banks that drive 

development of short lengths .(about 200ft or less) of secondary channel characterized 

by widths and depths of about half that of the primary channel (e.g. Sites 1 and 3). 

b. One instance (Site 4) where potential exists for a significant channel avulsion that could 

laterally shift the primary channel of the LNFG 200 to 300ft over a distance of about 1,000 

ft. 

c. Overbank flow on the floodplain of the LN FG is relatively widespread with many dispersed 

connections where flow between the primary channel and the floodplain is exchanged; 

this broad dispersal of floodplain flow is believed to limit the energy of flow entering and 

departing the floodplain such that overbank flows are not generally capable of eroding 

secondary/migrating channels. 

d. The topography of the floodplain is relatively flat with gentle slope gradients that are 

comparable to the gradient of the LNFG primary channel; consequently, overbank flows 

do not tend to cause development of migrating channels by avulsion. Overbank flows are 

typically distributed in a network of shallow swales steered by topographic mounds 

associated with mature redwpod trees and old growth stumps. 

e. Although the extent of floodplain inundation is substantial, the duration of inundation 

does not generally extend much longer than the period when stream stage exceeds 

bankfull depth except in the lower LNFG where backwater inundation caused by flood 

peaks on the larger NFG watershed occurs. 

f. Landslide deposits that impinge on stream channels are known to cause channel avulsion 

under some circumstances; field observations of a suspected landslide deposit from a 

Class II tributary (Site 5) and from a recent slump that directly entered the LNFG (Site 6) 

did not cause channel avulsions. 
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