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Total estimated wet season discharges from 1960 to 2017 are shown on Figure 8. As shown on 
Tables 9 above, the percentage of unappropriated water supply available during the wet season is 
high throughout the watershed. Therefore, the potential to cause injury to downstream water users 
is low, and this analysis will focus on setting diversion criteria that reduce risk to aquatic habitat 
throughout the watershed. At a minimum, the following criteria should be met: 

 No significant diversion when flows are below “non-stressful rearing habitat” target of 0.2 
CFS per square mile (Stillwater Sciences 2017).  

 Typical wet-season diversion rates from Class I tributaries should be less than 10% of total 
flow. 

 
Note that these are general guidelines and should be assessed on a case-by-case basis depending 
on the location of a proposed point of diversion and the purpose for which the diverted water will 
be used. 
 
 

 
Figure 8. Total wet season unimpaired flow volume for Redwood Creek—1960 to present 

(prorated from Bull Creek).  
 

5 WATER AVAILABILITY ANALYSIS FOR MARSHALL RANCH 

In addition to conducting a water availability analyses for all of Redwood Creek, this technical 
report presents specific information to support a large-scale flow enhancement project on the 
Marshall Ranch. 
 

5.1 Project Purpose and Description 

The Marshall Ranch Flow Enhancement Project proposes construction of 10 million gallons of 
off-channel water storage along with a filtration/cooling gallery with the primary objective of 
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delivering approximately 30 gallons per minute of flow augmentation to Redwood Creek during 
the 5-month dry season to improve instream aquatic habitat. 
 
The off-stream storage is designed to fill from three sources: 

1)  Precipitation that falls on the 3.2-acre footprint of the ponds and tanks, 
2) 7.5 acres of hillslope that will provide sheetflow runoff to the ponds, and  
3) Water diverted during the wet season from two seasonal tributaries to Redwood Creek. 

Planning level analysis presented in the Marshall Ranch Basis of Design Report shows that the 
storage would easily fill based on 48 inches of annual rainfall. However, it is desirable to have the 
pond fill with less rainfall, including the situation of dry years where there may be minimal 
sheetflow runoff. Therefore, the requested onstream diversion volume has been calculated based 
on 42 inches of annual rainfall and assuming no hillslope sheetflow inputs to storage as shown on 
Table 10. 
 

Table 10. Water Availability in seasonal tributaries based on Bull Creek proration. 

Source Area 
(acres) 

Runoff 
Cooefficient 

Intensity 
(inches) 

Volume 
(gallons) 

Eastern Pond 
(direct 
precipitation) 

1.3 1.0 42 1,500,000 

Western Pond 
(direct 
precipitation) 

1.8 1.0 42 2,000,000 

Hillslope draining 
into Eastern Pond 2.5 0.0 0 - 

Hillslope draining 
into Western Pond 5.0 0.0 0 - 

Additional Volume 
needed to fill 
10,000,000 gal of 
storage 

4.0 0.2 35 6,500,000 

 
 
Based on the information presented on Table 10, a total onstream diversion volume of 6.5 million 
gallons is being requested from two tributaries. The locations of the two PODs are shown on 
Sheet 3 of the Design Plans in Appendix A.3 of the Basis of Design Report, and their setting is 
depicted in the photos below (Figures 9 and 10). The proposed diversion rate will vary based on 
the flow in each seasonal tributary at the point of diversion. For the smaller eastern tributary, 
diversion rate is anticipated to range between 10 and 50 gpm during 30 to 60 days of the wet 
season. For the larger western tributary, diversion rate is anticipated to range between 60 and 150 
gpm during 30 to 60 days of the wet season. The total water volume diverted from both tributaries 
would not exceed 6.5 million gallons (20 ac-ft) with approximately 1.08 million gallons diverted 
from the eastern tributary and 5.42 million gallons diverted from the western tributary.  
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Figure 9. Proposed Western POD showing upstream and downstream channel (photo taken 28 
September 2021) 
 

 
Figure 10. Proposed Eastern POD showing upstream and downstream channel (photo taken 28 
September 2021) 
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The average stream discharge for the diversion period of December 15 to March 31 for each 
tributary was calculated by prorating Bull Creek gage records by drainage area (Table 11). Based 
on proration for this time period, the eastern tributary is expected to have an average discharge of 
31 gpm generating approximately 4.7 million gallons of total flow and the western tributary is 
expected to have an average discharge of 154 gpm generating 23.3 million gallons of total flow. 
Based on these calculations, the proposed diversion amounts to less than a quarter of the wet 
season runoff from these tributaries during average rainfall years. During drier years, the total 
diversion volume may approach one half of the total flow. 
 

Table 11. Water Availability in seasonal tributaries based on Bull Creek proration. 

Source Area 
(acres) 

Area 
(mi2) 

Average 
discharge 
Dec 15–
Mar 31 

(cfs), 
prorated 

from 
Bull Cr. 

Average 
discharge 
Dec 15–
Mar 31 
(gpm), 

prorated 
from 

Bull Cr. 

Proposed 
average 
diversion 
Rate 
(GPM) 

Total 
discharge 
during 
period (gal) 

Proposed 
diversion 
during 
period 

Eastern 
POD 4.0 0.00625 0.06875 31 15 4,667,355  1,083,333  

Western 
POD 20.0 0.03125 0.34375 154 75 23,336,775  5,416,667  

 
 
The project team has had initial discussions with CDFW and NOAA staff regarding the proposed 
diversion approach, with general agreement that diversion from seasonal tributaries is more 
desirable than the previous proposal of diversion from Redwood Creek mainstem. It is anticipated 
that discussions and negotiations will be ongoing over the next year to refine the specifics of the 
diversion timing and bypass flow, but we anticipate that the final agreement will include the 
following guidelines: 

 Diversion season: December 15 to March 31. 
 Diversion allowed when Redwood Creek mainstem at the Marshall Ranch is at or above 

5 cubic feet per second (cfs). 
 Diversion rate from the tributaries shall not exceed 10% of Redwood Creek mainstem 

flow at the Marshall Ranch. 
 A minimum bypass flow of 5 gpm is required for each tributary.  
 Cumulative diversion rates from the two tributaries will range from 75 to 200 gpm during 

the diversion season. 
 30 to 60 days of diversion needed to achieve 6.5 million gallons of diversion (20 ac-ft) 

It is important to consider that the diversions are proposed on seasonal tributaries that flow 
through eroding gullies between the proposed PODs and Redwood Creek, so there is limited 
aquatic habitat value within these reaches. 
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5.2 Water Supply Report for Marshall Ranch 

The general location of the proposed Marshall Ranch diversions is shown on Figure 1. The 
proposed point of diversions (PODs) will draw water from the Upper Redwood Creek sub-
watersheds also shown in Figure 1. However, the portion of Redwood Creek mainstem 
immediately impacted by the proposed diversion is also fed by the Miller Creek and China Creek 
sub-watersheds. Water availability in Redwood Creek adjacent to the two proposed PODs is 
shown on Table 12. The first row of Table 12 shows that existing upstream diversions account for 
0.04% of the total wet season discharge. The second row of Table 12 shows how the proposed 
Marshall Ranch diversions would increase the total wet season diversion to 0.06% of total 
discharge. 
 

Table 12. Water supply/availability for Marshall Ranch Flow Enhancement Project. 

Watershed Area 
(mi2) 

Average 
precipitation 

(inches) 

Average 
discharge 
Dec 15–
Mar 31 

(cfs), 
prorated 
from Bull 

Cr. 

Average 
outflow 

from Dec 
15–Mar 

31 (af/yr), 
prorated 
from Bull 

Cr. 

Wet season  
(Dec 15–Mar 
31) demand 
volume of all 

upstream 
diversions 

(af/yr) 

% wet 
season flow 
impairment 

Redwood Creek at 
Marshall Ranch 
(includes Miller 
Cr, China Cr, and 
Upper Redwood 
Creek subsheds) 

10.7 77.3 117.7 85224.2 33.0 0.04% 

Redwood Creek at 
Marshall Ranch 
with proposed 
Diversion 

10.7 77.3 117.7 85224.2 53.0 0.06% 

 
 

5.3 Cumulative Diversion Analysis 

There are five active appropriative water rights and nine claimed riparian diversions on Redwood 
Creek downstream from the proposed Marshall Ranch diversions. The active appropriative rights 
are listed below in Table 13. In total, the downstream diversions amount to 15.66 acre-feet of 
diversion volume per year. A summary of all registered downstream water users is included on 
Table 14. Based on the diversion guidelines listed above in Section 5.1, the Marshall Ranch 
Project will not significantly impact downstream diversions.  
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Table 13. Redwood Creek appropriative diversions downstream of proposed diversion 
application ID. 

 Water right 
type Owner Latitude Longitude Source 

Face 
value 
(ac-ft) 

H500723 Registration 
Cannabis 

Katherine 
Wolman 40.1098 -123.892 Redwood 

Creek 0.18 

D032298 Registration 
Domestic 

Cecelia A. 
Lanman 40.1105 -123.8907 Redwood 

Creek 1.49 

A010198 Appropriative John R 
Foster 40.127284 -123.852584 UNST 13.4 

H500603 Registration 
Cannabis 

Shawn 
Richter 40.1063 -123.8999 Redwood 

Creek 0.18 

D032407 Registration 
Domestic 

Katherine 
Wolman 40.1098 -123.8924 Redwood 

Creek 0.41 
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Table 14. All registered water users downstream of proposed diversion application ID. 

 
 

ID 

 
 

LATITUDE 

 
 

LONGITUDE 

 
 

SOURCE 

 

PARCEL 
NUMBER 

DIVERSION 
STORAGE 
AMOUNT 

FACE 
VALUE 
AMOUNT 

 
 

WR TYPE 

 

WR 
STAT

 
 

NAME 

 
 

Address 

 
 

City, State, Zip 
 

S024781 
 

40.1291 
 

-123.867 
Redwood 
Creek 

 
220-261-003 

 
0.0307 

 
0 

Statement of 
Div and Use 

 
Claimed 

John 
Angu

PO BOX 
1957 

REDWAY CA 95560- 
1957 

 
S025316 

 
40.1091 

 
-123.892 

Redwood 
Creek 

 
220-241-17 

 
0.1074 

 
0 

Statement of 
Div and Use 

 
Claimed 

Ram
a 

PO BX 2456 REDWAY CA 95560- 
2456 

 
S028232 

 
40.1109 

 
-123.891 

Redwood 
Creek 

 
220-241-016 

 
0.0104 

 
0 

Statement of 
Div and Use 

 
Claimed 

Bill 
Davidso

PO BOX 
1003 

REDWAY CA 95560- 
1003 

 
A010198 

 
40.12728 

 
-123.853 

Redwood 
Creek 

 
222-171-004 

 
0 

 
13.4 

 
Appropriative 

 
Licensed 

John 
Foster 

PO BOX 193 GARBERVILLE CA 
95542-0193 

 
D032298 

 
40.1105 

 
-123.891 

Redwood 
Creek 

 
220-241-007 

 
1.49 

 
1.49 

Registration 
Domestic 

 
Registered 

Cecilia 
Lanma

PO BX 1985 REDWAY CA 95560- 
1985 

 
S024849 

 
40.1093 

 
-123.892 

Redwood 
Creek 

 
220-241-012 

 
0.1013 

 
0 

Statement of 
Div and Use 

 
Claimed 

Katherine 
Wolman 

PO BOX 
1060 

REDWAY CA 95560- 
1060 

 
D032407 

 
40.1098 

 
-123.892 

Redwood 
Creek 

 
220-241-012 

 
0.41 

 
0.41 

Registration 
Domestic 

 
Registered 

Katherine 
Wolman 

PO BOX 
1060 

REDWAY CA 95560- 
1060 

 

H500723 

 

40.1098 

 

-123.892 
Redwood 
Creek 

 

220-241-012 

 

0.18 

 

0.18 
Registration 
Cannabis 

 

Registered 
Katherine 
Wolman 

PO BOX 
1060 

REDWAY CA 95560- 
1060 

 
 

S024232 

 
 

40.1083 

 
 

-123.897 

 
Redwood 
Creek 

 
 

220-251-029 

 
 

0.31 

 
 

0 

 
Statement of 
Div and Use 

 
 

Claimed 

 
Mikal 
Jakuba

6070 
BRICELAN
D- THORNE 

 
WHITETHORN CA 
95560 

 
 

H500603 

 
 

40.1063 

 
 

-123.9 

 
Redwood 
Creek 

 
 

220-252-034 

 
 

0.18 

 
 

0.18 

 
Registration 
Cannabis 

 
 

Registered 

 
Monica 
Mohr 

6152 
BRICELAN
D- THORNE 

 
GARBERVILLE CA 
95542 

 
 

S026237 

 
 

40.1063 

 
 

-123.9 

 
Redwood 
Creek 

 
 

220-252-034 

 
 

0.1534 

 
 

0 

 
Statement of 
Div and Use 

 
 

Claimed 

 
Monica 
Mohr 

6152 
BRICELAN
D- THORNE 

 
GARBERVILLE CA 
95542 
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5.4 Expected Project Benefits 

As previously described, this project will deliver ~30 gallons per minute of flow augmentation to 
Redwood Creek during the dry season with the purpose of enhancing aquatic habitat. See Figure 
11 showing upstream extent of Redwood Creek flow enhancement reach. Recent flow 
enhancement initiatives in lower Russian River tributaries are analogous to this Project and have 
displayed that direct augmentation is one of the most successful approaches for enhancing dry-
season streamflow. Flow releases from three different agricultural ponds in Sonoma County 
exhibit encouraging results. As described in Ruiz et al. (2019) of California Sea Grant, the project 
began in 2015 and is ongoing. Data show that flow augmentations in all years from 2015–2018 
were able to appreciably increase wetted channel habitat, increase dissolved oxygen in the stream 
water, and decrease water temperature downstream from the flow augmentation release points. 
For example, releases into Dutch Bill Creek averaging 36 GPM beginning in late August of 2015 
and were able to cumulatively re-wet more than 2,300 feet of stream channel with effects 
measurable up to 1.8 miles downstream.  
 
While modest compared to winter flows, these augmentations have the potential to increase pool 
connectivity and water quality. A foundational hypothesis for this Project, that increased pool 
connectivity will bolster over-summer salmonid survival, is also supported by the work of 
Obedzinski et al. (2018). Their study found that days of disconnected surface flow showed a 
strong negative correlation with juvenile coho salmon survival rate in four tributaries to the 
Russian River. Provided this evidence, it is anticipated that the Project’s release of approximately 
30 gallons per minute into Redwood Creek throughout the dry season can result in significant 
aquatic habitat benefit. 
 
This project also has the added benefit of storage and forbearance whereby the landowner will 
capture water in the wet season and using it in the dry season allowing them to forebear on water 
diversions during the dry season for domestic and livestock uses. See Figure 12 showing the 
domestic and livestock grazing place of use. 
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Figure 11. Proposed upstream extent of flow augmentation reach where project will enhance 
fish and wildlife habitat (photo taken 28 September 2021). 
 

 
Figure 12. Proposed place of use including livestock grazing area in foreground and 
residence/domestic place of use in background (photo taken 28 September 2021). 
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Appendix D 
 

HEC-RAS Hydraulic Model Outputs 
 
  



  

HEC-RAS  Plan: RedwoodCreek   River: REDWOOD   Reach: REDWOOD CREEK

Reach River Sta Profile W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Vel Total Shear LOB Shear ROB Shear Total Flow Area Top Width Froude # Chl

(ft) (ft) (ft) (ft/ft) (ft/s) (ft/s) (lb/sq ft) (lb/sq ft) (lb/sq ft) (sq ft) (ft)  

REDWOOD CREEK 5263    Summer 575.27 575.29 0.040225 1.19 1.19 0.22 0.84 9.44 0.70

REDWOOD CREEK 5263    Winter 576.77 576.88 0.005982 2.59 2.59 0.45 22.44 18.20 0.41

REDWOOD CREEK 5263    0.5 Bankfull 578.61 578.87 0.006499 4.07 4.07 0.90 63.96 27.60 0.47

REDWOOD CREEK 5263    1.5-yr 579.87 580.25 0.007485 4.95 4.95 1.25 104.96 37.48 0.52

REDWOOD CREEK 5263    2-yr 580.80 581.27 0.007572 5.51 5.51 1.47 143.25 43.86 0.54

REDWOOD CREEK 5263    5-yr 582.19 582.79 0.007281 6.20 6.20 1.74 211.44 52.64 0.54

REDWOOD CREEK 5263    10-yr 582.89 583.56 0.006888 6.59 6.59 0.09 1.85 248.89 54.55 0.54

REDWOOD CREEK 5263    25-yr 583.31 584.04 0.006672 6.85 6.84 0.05 0.15 1.90 271.97 56.28 0.54

REDWOOD CREEK 5263    50-yr 583.93 584.75 0.006426 7.27 7.20 0.12 0.23 1.87 308.16 62.45 0.54

REDWOOD CREEK 5263    100-yr 584.24 585.11 0.006335 7.49 7.37 0.19 0.27 1.88 328.37 64.92 0.54

REDWOOD CREEK 5083    Summer 574.05 573.86 574.05 0.002722 0.60 0.60 0.04 1.68 6.96 0.21

REDWOOD CREEK 5083    Winter 575.54 574.95 575.66 0.007768 2.83 2.83 0.54 20.49 17.72 0.46

REDWOOD CREEK 5083    0.5 Bankfull 576.97 577.33 0.011677 4.82 4.82 1.34 53.99 28.27 0.61

REDWOOD CREEK 5083    1.5-yr 578.16 578.67 0.010280 5.76 5.76 0.02 1.69 90.29 32.61 0.61

REDWOOD CREEK 5083    2-yr 579.04 579.71 0.009769 6.59 6.47 0.33 1.82 122.08 38.65 0.61

REDWOOD CREEK 5083    5-yr 580.19 581.18 0.010688 8.07 7.73 0.80 2.43 169.40 43.61 0.67

REDWOOD CREEK 5083    10-yr 580.80 581.97 0.011031 8.80 8.31 0.96 2.69 197.45 47.37 0.69

REDWOOD CREEK 5083    25-yr 581.20 582.46 0.011074 9.18 8.58 1.06 2.80 216.80 50.12 0.69

REDWOOD CREEK 5083    50-yr 581.84 583.22 0.010848 9.65 8.87 1.22 2.92 250.36 54.30 0.69

REDWOOD CREEK 5083    100-yr 582.19 583.61 0.010574 9.83 8.97 0.03 1.32 2.96 269.74 56.27 0.69

REDWOOD CREEK 4964    Summer 573.04 573.04 573.09 0.103940 1.68 1.68 0.48 0.59 8.07 1.09

REDWOOD CREEK 4964    Winter 574.07 574.27 0.019233 3.61 3.61 0.98 16.08 19.41 0.70

REDWOOD CREEK 4964    0.5 Bankfull 576.05 576.29 0.006379 3.91 3.91 0.84 66.48 30.42 0.47

REDWOOD CREEK 4964    1.5-yr 577.34 577.70 0.006141 4.79 4.79 1.13 108.59 35.07 0.48

REDWOOD CREEK 4964    2-yr 578.23 578.71 0.006594 5.54 5.36 0.11 0.99 147.26 58.87 0.51

REDWOOD CREEK 4964    5-yr 579.56 580.14 0.005812 6.30 5.64 0.48 0.10 1.18 232.25 68.62 0.50

REDWOOD CREEK 4964    10-yr 580.33 580.94 0.005186 6.56 5.72 0.62 0.19 1.22 286.48 72.86 0.49

REDWOOD CREEK 4964    25-yr 580.82 581.44 0.004823 6.68 5.76 0.68 0.24 1.23 322.84 75.48 0.47

REDWOOD CREEK 4964    50-yr 581.59 582.22 0.004316 6.84 5.81 0.77 0.30 1.25 382.23 78.61 0.46

REDWOOD CREEK 4964    100-yr 581.99 582.64 0.004087 6.91 5.84 0.80 0.33 1.26 414.52 79.91 0.45

REDWOOD CREEK 4842    Summer 572.27 572.27 0.000029 0.11 0.11 0.00 9.11 15.82 0.03

REDWOOD CREEK 4842    Winter 573.80 573.84 0.001227 1.46 1.46 0.13 39.70 22.97 0.20

REDWOOD CREEK 4842    0.5 Bankfull 575.64 575.77 0.002643 2.92 2.92 0.44 89.04 31.99 0.31

REDWOOD CREEK 4842    1.5-yr 576.87 577.10 0.003533 3.87 3.83 0.04 0.03 0.61 135.77 47.40 0.37

REDWOOD CREEK 4842    2-yr 577.75 578.07 0.003627 4.57 4.34 0.17 0.12 0.70 182.00 56.28 0.39

REDWOOD CREEK 4842    5-yr 579.09 579.54 0.003673 5.52 5.00 0.39 0.26 0.91 262.19 63.29 0.41

REDWOOD CREEK 4842    10-yr 579.89 580.39 0.003502 5.89 5.23 0.50 0.34 0.99 313.57 66.06 0.41

REDWOOD CREEK 4842    25-yr 580.39 580.92 0.003388 6.09 5.35 0.55 0.37 1.02 347.35 68.06 0.41

REDWOOD CREEK 4842    50-yr 581.18 581.75 0.003235 6.39 5.52 0.60 0.42 1.06 402.49 72.83 0.41

REDWOOD CREEK 4842    100-yr 581.59 582.18 0.003159 6.54 5.58 0.61 0.45 1.07 433.39 75.75 0.40

REDWOOD CREEK 4731    Summer 572.27 572.27 0.000002 0.05 0.05 0.00 19.63 15.96 0.01

REDWOOD CREEK 4731    Winter 573.72 573.74 0.000622 1.20 1.19 0.01 0.07 48.92 25.09 0.14

REDWOOD CREEK 4731    0.5 Bankfull 575.41 575.53 0.001806 2.83 2.67 0.13 0.32 97.55 32.52 0.26

REDWOOD CREEK 4731    1.5-yr 576.49 576.75 0.002829 4.20 3.82 0.31 0.08 0.59 136.03 38.31 0.34

REDWOOD CREEK 4731    2-yr 577.25 577.66 0.003718 5.32 4.75 0.51 0.20 0.88 166.28 40.97 0.40

REDWOOD CREEK 4731    5-yr 578.34 579.04 0.005169 7.09 6.16 0.89 0.46 1.43 212.65 44.61 0.49

REDWOOD CREEK 4731    10-yr 579.03 579.87 0.005509 7.84 6.72 1.09 0.60 1.67 244.17 46.32 0.52

REDWOOD CREEK 4731    25-yr 579.48 580.41 0.005607 8.24 7.01 1.21 0.68 1.80 265.44 47.34 0.53

REDWOOD CREEK 4731    50-yr 580.20 581.24 0.005669 8.79 7.40 1.38 0.79 1.97 299.91 48.85 0.54

REDWOOD CREEK 4731    100-yr 580.58 581.68 0.005678 9.07 7.59 1.46 0.85 2.06 318.71 49.62 0.54

REDWOOD CREEK 4614    Summer 572.26 572.14 572.27 0.006298 0.72 0.72 0.07 1.39 8.17 0.31

REDWOOD CREEK 4614    Winter 573.38 573.01 573.53 0.011552 3.10 3.10 0.69 18.71 18.98 0.55

REDWOOD CREEK 4614    0.5 Bankfull 574.32 574.32 574.92 0.035669 6.20 6.20 2.59 41.93 35.23 1.00

REDWOOD CREEK 4614    1.5-yr 575.03 575.03 575.89 0.032660 7.47 7.47 3.34 69.65 41.34 1.01

REDWOOD CREEK 4614    2-yr 575.77 575.62 576.70 0.024614 7.72 7.72 3.28 102.27 46.56 0.92

REDWOOD CREEK 4614    5-yr 577.44 578.17 0.011207 6.88 6.88 2.26 190.36 56.74 0.66

REDWOOD CREEK 4614    10-yr 578.33 579.04 0.008458 6.78 6.78 2.06 241.86 59.21 0.59

REDWOOD CREEK 4614    25-yr 578.88 579.59 0.007416 6.76 6.76 1.99 274.98 60.99 0.56

REDWOOD CREEK 4614    50-yr 579.72 580.43 0.006355 6.77 6.77 1.92 327.76 64.37 0.53

REDWOOD CREEK 4614    100-yr 580.16 580.88 0.005976 6.78 6.78 1.89 356.74 66.70 0.52

REDWOOD CREEK 4489    Summer 570.12 570.12 570.15 0.128059 1.44 1.44 0.40 0.70 14.00 1.14

REDWOOD CREEK 4489    Winter 570.70 570.70 570.98 0.044812 4.21 4.21 1.53 13.77 24.92 1.00

REDWOOD CREEK 4489    0.5 Bankfull 572.41 572.66 0.008043 4.01 4.01 0.93 64.79 34.04 0.51

REDWOOD CREEK 4489    1.5-yr 573.93 574.22 0.005014 4.32 4.32 0.92 120.49 38.88 0.43

REDWOOD CREEK 4489    2-yr 575.11 575.45 0.004328 4.70 4.70 1.01 168.17 42.10 0.41

REDWOOD CREEK 4489    5-yr 576.87 577.31 0.003958 5.31 5.31 1.18 246.68 47.27 0.41

REDWOOD CREEK 4489    10-yr 577.80 578.29 0.003865 5.62 5.62 1.28 291.96 50.26 0.41

REDWOOD CREEK 4489    25-yr 578.36 578.88 0.003824 5.79 5.79 1.34 320.97 52.19 0.41

REDWOOD CREEK 4489    50-yr 579.22 579.79 0.003778 6.05 6.05 1.42 367.16 55.38 0.41

REDWOOD CREEK 4489    100-yr 579.66 580.26 0.003772 6.17 6.17 1.46 392.07 57.25 0.42

REDWOOD CREEK 4423    Summer 568.77 568.77 0.000933 0.31 0.31 0.01 3.28 16.78 0.12

REDWOOD CREEK 4423    Winter 570.29 570.33 0.001576 1.48 1.48 0.14 39.12 26.85 0.22

REDWOOD CREEK 4423    0.5 Bankfull 572.27 572.37 0.002059 2.59 2.59 0.34 100.27 35.10 0.27

REDWOOD CREEK 4423    1.5-yr 573.80 573.97 0.002183 3.28 3.28 0.49 158.51 39.79 0.29

REDWOOD CREEK 4423    2-yr 574.98 575.21 0.002296 3.82 3.82 0.63 206.74 42.04 0.30

REDWOOD CREEK 4423    5-yr 576.74 577.07 0.002557 4.60 4.60 0.86 284.66 46.66 0.33

REDWOOD CREEK 4423    10-yr 577.66 578.04 0.002675 4.99 4.99 0.98 328.79 49.00 0.34

REDWOOD CREEK 4423    25-yr 578.22 578.64 0.002728 5.21 5.21 1.05 356.68 50.16 0.34

REDWOOD CREEK 4423    50-yr 579.07 579.55 0.002799 5.55 5.55 1.16 400.02 51.74 0.35

REDWOOD CREEK 4423    100-yr 579.51 580.02 0.002840 5.72 5.72 1.22 422.75 52.51 0.36

REDWOOD CREEK 4293    Summer 568.29 568.29 568.37 0.069131 2.25 2.25 0.67 0.44 2.80 1.00

REDWOOD CREEK 4293    Winter 569.47 569.77 0.026560 4.42 4.42 1.44 13.13 14.46 0.82

REDWOOD CREEK 4293    0.5 Bankfull 571.02 571.70 0.020737 6.59 6.59 2.47 39.48 19.08 0.81

REDWOOD CREEK 4293    1.5-yr 572.29 573.25 0.019516 7.86 7.86 3.18 66.12 22.99 0.82

REDWOOD CREEK 4293    2-yr 573.18 572.80 574.44 0.020701 8.98 8.98 3.93 87.98 26.06 0.86

REDWOOD CREEK 4293    5-yr 574.43 574.17 576.19 0.020859 10.66 10.52 0.53 0.40 4.45 124.50 32.98 0.90

REDWOOD CREEK 4293    10-yr 575.04 574.88 577.12 0.020937 11.64 11.32 1.08 0.75 4.89 144.93 34.94 0.92

REDWOOD CREEK 4293    25-yr 575.40 575.32 577.69 0.020965 12.22 11.77 1.39 0.96 5.16 158.02 36.07 0.93

REDWOOD CREEK 4293    50-yr 575.99 575.97 578.56 0.020725 13.02 12.36 1.79 1.29 5.50 179.54 37.88 0.94

REDWOOD CREEK 4293    100-yr 576.32 576.32 579.02 0.020240 13.35 12.58 1.96 1.44 5.59 192.44 38.99 0.94

REDWOOD CREEK 4182    Summer 567.31 567.07 567.31 0.001471 0.46 0.46 0.02 2.19 8.63 0.16

REDWOOD CREEK 4182    Winter 568.86 568.91 0.003206 1.83 1.83 0.23 31.77 27.72 0.30
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REDWOOD CREEK 4182    0.5 Bankfull 570.78 570.91 0.002553 2.85 2.85 0.42 91.12 32.90 0.30

REDWOOD CREEK 4182    1.5-yr 572.12 572.34 0.003022 3.80 3.80 0.01 0.64 136.77 37.21 0.34

REDWOOD CREEK 4182    2-yr 573.09 573.41 0.003292 4.58 4.46 0.13 0.04 0.74 177.10 45.33 0.37

REDWOOD CREEK 4182    5-yr 574.56 575.03 0.003453 5.61 5.15 0.31 0.14 0.89 254.19 56.92 0.39

REDWOOD CREEK 4182    10-yr 575.32 575.87 0.003530 6.12 5.48 0.40 0.20 0.98 299.32 62.24 0.41

REDWOOD CREEK 4182    25-yr 575.80 576.39 0.003542 6.40 5.64 0.45 0.24 1.03 329.96 66.04 0.41

REDWOOD CREEK 4182    50-yr 576.56 577.21 0.003462 6.75 5.81 0.54 0.28 1.09 381.83 70.44 0.41

REDWOOD CREEK 4182    100-yr 576.95 577.63 0.003433 6.93 5.90 0.58 0.27 1.10 410.21 74.17 0.42

REDWOOD CREEK 4076    Summer 566.75 566.75 566.81 0.103643 1.82 1.82 0.54 0.55 6.65 1.11

REDWOOD CREEK 4076    Winter 568.59 568.63 0.002165 1.57 1.57 0.16 36.94 30.06 0.25

REDWOOD CREEK 4076    0.5 Bankfull 570.57 570.67 0.001945 2.52 2.52 0.32 103.25 37.26 0.27

REDWOOD CREEK 4076    1.5-yr 571.87 572.05 0.002364 3.36 3.36 0.52 154.66 41.24 0.31

REDWOOD CREEK 4076    2-yr 572.81 573.07 0.002830 4.05 4.05 0.73 194.95 44.52 0.34

REDWOOD CREEK 4076    5-yr 574.27 574.65 0.003290 4.95 4.90 0.01 0.09 0.90 267.45 57.25 0.38

REDWOOD CREEK 4076    10-yr 575.04 575.48 0.003235 5.37 5.24 0.06 0.21 0.98 313.16 60.35 0.38

REDWOOD CREEK 4076    25-yr 575.52 576.01 0.003191 5.62 5.43 0.10 0.28 1.03 342.51 61.32 0.39

REDWOOD CREEK 4076    50-yr 576.30 576.83 0.003072 5.93 5.62 0.14 0.19 0.89 395.25 80.08 0.39

REDWOOD CREEK 4076    100-yr 576.70 577.25 0.003005 6.08 5.62 0.16 0.18 0.80 430.45 94.57 0.39

REDWOOD CREEK 3973    Summer 566.43 566.43 0.000097 0.13 0.13 0.00 7.91 27.85 0.04

REDWOOD CREEK 3973    Winter 568.57 568.57 0.000205 0.70 0.70 0.03 83.33 38.10 0.08

REDWOOD CREEK 3973    0.5 Bankfull 570.51 570.55 0.000544 1.61 1.61 0.12 161.36 42.18 0.15

REDWOOD CREEK 3973    1.5-yr 571.79 571.88 0.000903 2.40 2.40 0.25 216.78 44.66 0.19

REDWOOD CREEK 3973    2-yr 572.70 572.85 0.001246 3.06 3.06 0.39 258.53 46.58 0.23

REDWOOD CREEK 3973    5-yr 574.13 574.38 0.001600 3.99 3.85 0.06 0.03 0.45 340.21 69.79 0.27

REDWOOD CREEK 3973    10-yr 574.91 575.20 0.001701 4.41 4.12 0.12 0.05 0.49 398.38 79.63 0.28

REDWOOD CREEK 3973    25-yr 575.40 575.72 0.001730 4.64 4.25 0.16 0.06 0.53 438.14 82.67 0.29

REDWOOD CREEK 3973    50-yr 576.19 576.54 0.001717 4.92 4.40 0.23 0.08 0.58 504.80 85.70 0.29

REDWOOD CREEK 3973    100-yr 576.60 576.97 0.001711 5.06 4.48 0.27 0.09 0.60 540.13 87.37 0.29

REDWOOD CREEK 3838    Summer 566.40 566.40 0.001361 0.42 0.42 0.02 2.36 9.73 0.15

REDWOOD CREEK 3838    Winter 568.41 568.47 0.003459 2.10 2.10 0.28 41.88 30.81 0.32

REDWOOD CREEK 3838    0.5 Bankfull 570.08 568.78 570.32 0.005465 3.93 3.77 0.23 0.70 106.11 49.40 0.44

REDWOOD CREEK 3838    1.5-yr 571.12 571.52 0.006829 5.21 4.79 0.12 0.51 0.97 167.09 70.82 0.51

REDWOOD CREEK 3838    2-yr 571.91 572.42 0.006748 5.99 5.28 0.32 0.76 1.13 227.29 81.56 0.53

REDWOOD CREEK 3838    5-yr 573.30 573.92 0.005805 6.78 5.49 0.59 0.63 1.11 364.44 115.60 0.51

REDWOOD CREEK 3838    10-yr 574.18 574.77 0.004818 6.83 5.33 0.72 0.72 1.13 469.44 121.60 0.48

REDWOOD CREEK 3838    25-yr 574.74 575.31 0.004256 6.80 5.28 0.76 0.77 1.12 538.25 123.30 0.46

REDWOOD CREEK 3838    50-yr 575.62 576.17 0.003604 6.78 5.25 0.80 0.81 1.12 647.95 126.05 0.43

REDWOOD CREEK 3838    100-yr 576.06 576.61 0.003377 6.81 5.26 0.83 0.82 1.11 703.95 128.33 0.42

REDWOOD CREEK 3710    Summer 566.09 565.95 566.09 0.005616 0.60 0.60 0.05 1.67 11.72 0.28

REDWOOD CREEK 3710    Winter 567.04 567.04 567.35 0.046549 4.48 4.48 1.70 19.66 33.08 1.02

REDWOOD CREEK 3710    0.5 Bankfull 568.08 568.08 568.84 0.033803 6.99 6.99 3.06 57.20 38.41 1.01

REDWOOD CREEK 3710    1.5-yr 569.62 570.27 0.014264 6.51 6.48 0.12 0.06 2.04 123.41 52.03 0.72

REDWOOD CREEK 3710    2-yr 570.77 571.42 0.008787 6.54 6.04 0.40 0.24 1.25 198.79 85.23 0.60

REDWOOD CREEK 3710    5-yr 572.65 573.22 0.004892 6.41 5.47 0.67 0.64 1.17 365.91 92.25 0.48

REDWOOD CREEK 3710    10-yr 573.64 574.20 0.004036 6.48 5.45 0.73 0.72 1.16 458.41 95.59 0.45

REDWOOD CREEK 3710    25-yr 574.23 574.80 0.003702 6.58 5.50 0.77 0.77 1.18 516.00 97.28 0.43

REDWOOD CREEK 3710    50-yr 575.13 575.72 0.003357 6.78 5.63 0.81 0.83 1.21 604.40 100.16 0.42

REDWOOD CREEK 3710    100-yr 575.57 576.18 0.003228 6.89 5.70 0.84 0.86 1.23 649.28 101.47 0.42

REDWOOD CREEK 3616    Summer 564.70 564.70 564.73 0.097055 1.43 1.43 0.37 0.70 11.46 1.02

REDWOOD CREEK 3616    Winter 565.95 566.01 0.003615 1.89 1.89 0.25 46.63 42.67 0.32

REDWOOD CREEK 3616    0.5 Bankfull 567.92 568.05 0.002538 2.89 2.89 0.43 138.28 50.11 0.31

REDWOOD CREEK 3616    1.5-yr 569.46 569.67 0.002506 3.65 3.65 0.60 219.48 54.87 0.32

REDWOOD CREEK 3616    2-yr 570.65 570.92 0.002436 4.15 4.04 0.12 0.61 297.10 70.78 0.33

REDWOOD CREEK 3616    5-yr 572.50 572.86 0.002229 4.89 4.57 0.27 0.08 0.71 437.88 81.39 0.33

REDWOOD CREEK 3616    10-yr 573.48 573.88 0.002148 5.25 4.80 0.34 0.11 0.75 520.55 88.14 0.33

REDWOOD CREEK 3616    25-yr 574.07 574.51 0.002120 5.47 4.95 0.37 0.14 0.78 574.15 92.34 0.33

REDWOOD CREEK 3616    50-yr 574.96 575.45 0.002086 5.81 5.16 0.43 0.19 0.83 659.33 98.10 0.34

REDWOOD CREEK 3616    100-yr 575.41 575.91 0.002069 5.97 5.26 0.47 0.21 0.86 703.52 100.47 0.34

REDWOOD CREEK 3496    Summer 563.68 563.68 0.000768 0.36 0.36 0.01 2.75 9.29 0.12

REDWOOD CREEK 3496    Winter 565.54 565.60 0.003264 1.96 1.87 0.03 0.10 0.22 47.12 42.72 0.31

REDWOOD CREEK 3496    0.5 Bankfull 567.63 567.77 0.002162 3.07 2.82 0.13 0.28 0.38 141.62 47.44 0.30

REDWOOD CREEK 3496    1.5-yr 569.13 569.37 0.002381 4.12 3.71 0.24 0.44 0.59 215.39 50.76 0.33

REDWOOD CREEK 3496    2-yr 570.27 570.61 0.002569 4.92 4.38 0.34 0.57 0.77 274.21 52.78 0.35

REDWOOD CREEK 3496    5-yr 572.00 572.54 0.002940 6.24 5.43 0.51 0.80 1.09 368.29 56.08 0.40

REDWOOD CREEK 3496    10-yr 572.89 573.55 0.003166 6.96 5.96 0.62 0.88 1.26 419.25 59.23 0.42

REDWOOD CREEK 3496    25-yr 573.42 574.16 0.003319 7.42 6.29 0.70 0.94 1.37 451.19 61.25 0.43

REDWOOD CREEK 3496    50-yr 574.20 575.08 0.003573 8.13 6.80 0.82 1.02 1.55 500.34 64.72 0.46

REDWOOD CREEK 3496    100-yr 574.59 575.54 0.003696 8.48 7.04 0.88 1.07 1.64 525.65 66.47 0.47

REDWOOD CREEK 3359    Summer 563.68 563.68 0.000001 0.04 0.04 0.00 27.17 19.05 0.01

REDWOOD CREEK 3359    Winter 565.38 565.41 0.000692 1.36 1.36 0.10 64.93 25.89 0.15

REDWOOD CREEK 3359    0.5 Bankfull 567.29 567.43 0.002753 3.05 3.05 0.47 131.20 44.33 0.31

REDWOOD CREEK 3359    1.5-yr 568.74 569.00 0.003215 4.04 4.04 0.74 198.25 48.69 0.35

REDWOOD CREEK 3359    2-yr 569.85 570.20 0.003563 4.71 4.71 0.96 254.70 53.19 0.38

REDWOOD CREEK 3359    5-yr 571.55 572.06 0.004023 5.70 5.70 1.32 350.73 59.73 0.41

REDWOOD CREEK 3359    10-yr 572.43 573.03 0.004251 6.17 6.17 1.51 405.30 63.87 0.43

REDWOOD CREEK 3359    25-yr 572.97 573.62 0.004248 6.45 6.45 0.04 0.02 1.59 440.15 65.62 0.44

REDWOOD CREEK 3359    50-yr 573.77 574.51 0.004205 6.91 6.88 0.11 0.10 1.66 493.91 69.93 0.44

REDWOOD CREEK 3359    100-yr 574.16 574.95 0.004201 7.15 7.09 0.16 0.13 1.70 521.87 72.17 0.45

REDWOOD CREEK 3260    Summer 563.68 563.28 563.68 0.000061 0.11 0.11 0.00 9.10 27.82 0.03

REDWOOD CREEK 3260    Winter 565.30 564.04 565.33 0.000996 1.28 1.28 0.10 68.94 42.42 0.18

REDWOOD CREEK 3260    0.5 Bankfull 567.09 565.07 567.20 0.001872 2.68 2.68 0.35 149.41 47.48 0.27

REDWOOD CREEK 3260    1.5-yr 568.50 565.92 568.71 0.002324 3.66 3.66 0.59 218.31 49.72 0.31

REDWOOD CREEK 3260    2-yr 569.58 566.62 569.88 0.002663 4.41 4.41 0.81 272.38 51.05 0.34

REDWOOD CREEK 3260    5-yr 571.21 567.77 571.70 0.003215 5.60 5.60 0.02 1.20 357.28 52.95 0.38

REDWOOD CREEK 3260    10-yr 572.04 568.39 572.64 0.003495 6.23 6.22 0.05 1.42 401.61 53.93 0.40

REDWOOD CREEK 3260    25-yr 572.54 568.79 573.22 0.003675 6.63 6.62 0.07 0.01 1.56 428.79 54.52 0.41

REDWOOD CREEK 3260    50-yr 573.28 569.39 574.10 0.003916 7.26 7.24 0.10 0.07 1.77 469.41 55.36 0.43

REDWOOD CREEK 3260    100-yr 573.64 569.71 574.53 0.004050 7.59 7.56 0.11 0.10 1.89 489.37 55.76 0.44

REDWOOD CREEK 3164    Summer 563.68 562.11 563.68 0.000002 0.04 0.04 0.00 26.50 31.43 0.01

REDWOOD CREEK 3164    Winter 565.24 563.38 565.26 0.000474 1.02 1.02 0.06 86.30 41.99 0.13

REDWOOD CREEK 3164    0.5 Bankfull 566.94 564.54 567.04 0.001438 2.47 2.47 0.29 162.05 47.03 0.23

REDWOOD CREEK 3164    1.5-yr 568.31 565.44 568.50 0.002073 3.50 3.50 0.54 228.88 51.14 0.29
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REDWOOD CREEK 3164    2-yr 569.35 566.16 569.63 0.002410 4.23 4.22 0.05 0.01 0.70 284.25 56.20 0.32

REDWOOD CREEK 3164    5-yr 570.95 567.36 571.40 0.002759 5.39 5.26 0.20 0.16 0.95 380.36 63.39 0.36

REDWOOD CREEK 3164    10-yr 571.77 568.01 572.32 0.002935 5.99 5.77 0.29 0.22 1.09 433.53 66.49 0.38

REDWOOD CREEK 3164    25-yr 572.27 568.42 572.88 0.003053 6.36 6.08 0.35 0.26 1.19 466.92 68.32 0.39

REDWOOD CREEK 3164    50-yr 573.00 569.03 573.73 0.003244 6.94 6.56 0.44 0.33 1.34 518.29 71.40 0.41

REDWOOD CREEK 3164    100-yr 573.36 569.36 574.15 0.003352 7.24 6.80 0.47 0.36 1.41 544.10 73.53 0.42

REDWOOD CREEK 3022    Summer 563.68 563.68 0.000741 0.30 0.30 0.01 3.32 14.55 0.11

REDWOOD CREEK 3022    Winter 565.02 565.10 0.005081 2.16 2.16 0.33 40.65 38.89 0.37

REDWOOD CREEK 3022    0.5 Bankfull 566.38 566.64 0.006979 4.05 4.05 0.91 98.76 46.33 0.49

REDWOOD CREEK 3022    1.5-yr 567.59 567.99 0.006824 5.08 5.08 1.27 157.54 51.23 0.51

REDWOOD CREEK 3022    2-yr 568.57 569.08 0.006583 5.73 5.72 0.03 1.45 209.72 57.33 0.52

REDWOOD CREEK 3022    5-yr 570.15 570.82 0.005950 6.61 6.46 0.36 1.61 309.48 68.48 0.52

REDWOOD CREEK 3022    10-yr 570.98 571.73 0.005739 7.03 6.80 0.55 1.75 367.74 72.16 0.52

REDWOOD CREEK 3022    25-yr 571.49 572.30 0.005524 7.28 6.93 0.10 0.66 1.54 409.59 88.50 0.51

REDWOOD CREEK 3022    50-yr 572.28 573.15 0.005150 7.60 7.04 0.28 0.77 1.54 482.81 96.82 0.51

REDWOOD CREEK 3022    100-yr 572.67 573.57 0.004992 7.76 7.10 0.36 0.83 1.57 521.14 99.42 0.50

REDWOOD CREEK 2904    Summer 563.51 563.42 563.51 0.004016 0.41 0.41 0.03 2.42 23.59 0.23

REDWOOD CREEK 2904    Winter 564.38 564.45 0.005882 1.99 1.99 0.30 44.28 54.15 0.39

REDWOOD CREEK 2904    0.5 Bankfull 565.84 566.00 0.003941 3.22 3.16 0.16 0.14 0.52 126.59 58.79 0.38

REDWOOD CREEK 2904    1.5-yr 567.14 567.39 0.003373 4.02 3.85 0.21 0.23 0.64 208.02 66.55 0.37

REDWOOD CREEK 2904    2-yr 568.19 568.50 0.003105 4.58 4.29 0.32 0.29 0.74 279.77 70.62 0.38

REDWOOD CREEK 2904    5-yr 569.84 570.27 0.002927 5.45 5.01 0.51 0.39 0.94 399.30 74.01 0.38

REDWOOD CREEK 2904    10-yr 570.68 571.19 0.002939 5.94 5.41 0.60 0.44 1.05 462.08 75.94 0.39

REDWOOD CREEK 2904    25-yr 571.19 571.76 0.002960 6.24 5.66 0.66 0.47 1.13 501.65 77.22 0.40

REDWOOD CREEK 2904    50-yr 571.98 572.62 0.003001 6.71 6.04 0.75 0.52 1.25 563.07 79.21 0.41

REDWOOD CREEK 2904    100-yr 572.36 573.05 0.003036 6.95 6.23 0.80 0.55 1.31 593.56 80.16 0.41

REDWOOD CREEK 2821    Summer 562.62 562.62 562.64 0.067118 1.28 1.28 0.28 0.78 11.54 0.87

REDWOOD CREEK 2821    Winter 563.78 563.88 0.008135 2.47 2.47 0.45 35.62 39.84 0.46

REDWOOD CREEK 2821    0.5 Bankfull 565.36 565.60 0.005879 3.90 3.90 0.82 102.46 44.17 0.45

REDWOOD CREEK 2821    1.5-yr 566.63 567.01 0.005917 5.00 5.00 1.20 159.90 46.87 0.48

REDWOOD CREEK 2821    2-yr 567.61 568.13 0.006147 5.80 5.80 1.51 207.02 49.55 0.50

REDWOOD CREEK 2821    5-yr 569.14 569.90 0.006485 6.98 6.94 0.13 1.87 288.00 58.31 0.53

REDWOOD CREEK 2821    10-yr 569.91 570.80 0.006501 7.58 7.46 0.33 0.06 1.99 335.03 63.93 0.54

REDWOOD CREEK 2821    25-yr 570.40 571.37 0.006444 7.95 7.74 0.45 0.18 2.06 366.82 67.27 0.55

REDWOOD CREEK 2821    50-yr 571.13 572.23 0.006370 8.48 8.14 0.63 0.35 2.20 417.52 70.80 0.55

REDWOOD CREEK 2821    100-yr 571.48 572.65 0.006379 8.76 8.35 0.72 0.42 2.28 442.89 72.48 0.56

REDWOOD CREEK 2700    Summer 562.01 562.01 0.000732 0.23 0.23 0.01 4.42 29.59 0.10

REDWOOD CREEK 2700    Winter 563.40 563.44 0.001901 1.53 1.53 0.15 57.48 44.38 0.24

REDWOOD CREEK 2700    0.5 Bankfull 565.00 565.12 0.002480 2.79 2.71 0.09 0.07 0.35 147.35 64.23 0.30

REDWOOD CREEK 2700    1.5-yr 566.34 566.53 0.002340 3.57 3.33 0.18 0.17 0.46 240.58 75.52 0.32

REDWOOD CREEK 2700    2-yr 567.37 567.62 0.002278 4.11 3.71 0.25 0.21 0.53 323.48 85.59 0.33

REDWOOD CREEK 2700    5-yr 569.01 569.34 0.002190 4.88 4.21 0.35 0.33 0.65 475.05 98.85 0.33

REDWOOD CREEK 2700    10-yr 569.85 570.23 0.002174 5.26 4.46 0.41 0.41 0.71 560.12 104.60 0.34

REDWOOD CREEK 2700    25-yr 570.37 570.78 0.002160 5.48 4.61 0.44 0.44 0.75 615.81 107.97 0.34

REDWOOD CREEK 2700    50-yr 571.17 571.62 0.002141 5.82 4.83 0.51 0.49 0.81 704.06 113.08 0.35

REDWOOD CREEK 2700    100-yr 571.55 572.03 0.002154 6.00 4.95 0.55 0.44 0.83 747.88 118.34 0.35

REDWOOD CREEK 2600.03 Summer 561.90 561.90 0.002082 0.39 0.39 0.02 2.59 16.96 0.17

REDWOOD CREEK 2600.03 Winter 563.07 563.14 0.005043 2.13 2.11 0.08 0.31 41.63 42.16 0.37

REDWOOD CREEK 2600.03 0.5 Bankfull 564.56 564.77 0.005141 3.72 3.63 0.36 0.70 110.08 49.19 0.43

REDWOOD CREEK 2600.03 1.5-yr 565.87 566.19 0.004969 4.60 4.47 0.54 0.96 179.11 56.49 0.45

REDWOOD CREEK 2600.03 2-yr 566.87 567.29 0.004716 5.23 5.05 0.63 1.13 237.75 59.71 0.45

REDWOOD CREEK 2600.03 5-yr 568.42 569.01 0.004654 6.25 5.99 0.81 0.06 1.43 334.09 64.84 0.47

REDWOOD CREEK 2600.03 10-yr 569.18 569.89 0.004708 6.85 6.49 0.85 0.12 1.54 384.93 69.96 0.48

REDWOOD CREEK 2600.03 25-yr 569.66 570.43 0.004733 7.21 6.78 0.89 0.21 1.62 418.92 72.86 0.49

REDWOOD CREEK 2600.03 50-yr 570.38 571.27 0.004773 7.75 7.19 0.95 0.34 1.75 472.87 76.67 0.50

REDWOOD CREEK 2600.03 100-yr 570.72 571.67 0.004850 8.04 7.42 0.99 0.40 1.83 498.87 78.65 0.51

REDWOOD CREEK 2498.75 Summer 561.25 561.25 561.27 0.071949 1.36 1.36 0.32 0.74 10.49 0.90

REDWOOD CREEK 2498.75 Winter 562.34 562.45 0.009741 2.72 2.72 0.54 32.35 35.98 0.51

REDWOOD CREEK 2498.75 0.5 Bankfull 564.14 564.31 0.003896 3.34 3.25 0.22 0.18 0.54 123.15 54.56 0.38

REDWOOD CREEK 2498.75 1.5-yr 565.49 565.75 0.003433 4.21 4.01 0.32 0.30 0.71 199.39 58.29 0.38

REDWOOD CREEK 2498.75 2-yr 566.51 566.87 0.003394 4.91 4.61 0.41 0.36 0.86 260.47 61.65 0.40

REDWOOD CREEK 2498.75 5-yr 568.04 568.58 0.003584 6.07 5.56 0.57 0.51 1.13 359.63 67.51 0.43

REDWOOD CREEK 2498.75 10-yr 568.79 569.45 0.003777 6.72 6.08 0.69 0.59 1.31 410.90 70.04 0.44

REDWOOD CREEK 2498.75 25-yr 569.26 569.99 0.003898 7.12 6.40 0.77 0.61 1.41 443.95 72.50 0.46

REDWOOD CREEK 2498.75 50-yr 569.91 570.81 0.004299 7.90 6.87 0.94 0.28 1.22 494.70 104.76 0.49

REDWOOD CREEK 2498.75 100-yr 570.23 571.20 0.004418 8.21 6.92 1.00 0.26 1.09 534.48 131.18 0.50

REDWOOD CREEK 2339.37 Summer 560.45 560.45 0.000003 0.05 0.05 0.00 18.92 20.02 0.01

REDWOOD CREEK 2339.37 Winter 561.93 561.96 0.001388 1.45 1.45 0.13 60.75 39.57 0.21

REDWOOD CREEK 2339.37 0.5 Bankfull 563.68 563.81 0.002424 2.90 2.90 0.42 137.79 47.23 0.30

REDWOOD CREEK 2339.37 1.5-yr 564.99 565.23 0.003093 3.95 3.95 0.71 202.32 51.76 0.35

REDWOOD CREEK 2339.37 2-yr 565.96 566.31 0.003566 4.71 4.71 0.96 254.70 55.35 0.39

REDWOOD CREEK 2339.37 5-yr 567.44 567.98 0.003973 5.91 5.88 0.10 0.12 1.30 340.41 60.68 0.43

REDWOOD CREEK 2339.37 10-yr 568.12 568.80 0.004310 6.61 6.53 0.17 0.21 1.51 382.62 63.34 0.45

REDWOOD CREEK 2339.37 25-yr 568.54 569.31 0.004518 7.05 6.92 0.22 0.20 1.57 410.35 68.42 0.47

REDWOOD CREEK 2339.37 50-yr 569.15 570.08 0.004884 7.75 7.48 0.30 0.22 1.61 454.63 80.54 0.49

REDWOOD CREEK 2339.37 100-yr 569.42 570.44 0.005118 8.12 7.74 0.34 0.23 1.59 477.98 90.29 0.51

REDWOOD CREEK 2258    Summer 560.45 560.45 0.000007 0.06 0.06 0.00 15.88 21.98 0.01

REDWOOD CREEK 2258    Winter 561.82 561.86 0.001219 1.43 1.43 0.12 61.62 37.19 0.20

REDWOOD CREEK 2258    0.5 Bankfull 563.44 563.60 0.002780 3.15 3.15 0.50 126.81 42.44 0.32

REDWOOD CREEK 2258    1.5-yr 564.63 564.94 0.003930 4.48 4.48 0.91 178.58 45.01 0.40

REDWOOD CREEK 2258    2-yr 565.49 565.96 0.004925 5.50 5.50 1.32 218.16 47.45 0.45

REDWOOD CREEK 2258    5-yr 566.75 567.53 0.007453 7.06 7.06 0.02 2.09 283.25 59.14 0.56

REDWOOD CREEK 2258    10-yr 567.35 568.31 0.008043 7.84 7.77 0.21 0.12 2.14 321.94 71.15 0.60

REDWOOD CREEK 2258    25-yr 567.74 568.80 0.008172 8.28 8.05 0.33 0.14 1.87 352.80 91.77 0.61

REDWOOD CREEK 2258    50-yr 568.37 569.55 0.008045 8.80 8.05 0.34 0.31 1.60 422.10 127.41 0.61

REDWOOD CREEK 2258    100-yr 568.72 569.92 0.007701 8.92 7.89 0.44 0.42 1.59 468.83 136.26 0.60

REDWOOD CREEK 2152    Summer 560.41 560.41 560.44 0.105863 1.40 1.40 0.36 0.71 12.95 1.05

REDWOOD CREEK 2152    Winter 561.16 561.16 561.45 0.044816 4.31 4.31 1.59 20.41 35.92 1.01

REDWOOD CREEK 2152    0.5 Bankfull 562.15 562.15 562.84 0.033614 6.64 6.64 2.82 60.22 44.45 1.01

REDWOOD CREEK 2152    1.5-yr 562.99 562.99 563.97 0.030087 7.96 7.96 3.60 100.49 51.88 1.01

REDWOOD CREEK 2152    2-yr 563.64 563.64 564.84 0.028150 8.79 8.79 4.11 136.52 57.70 1.01

REDWOOD CREEK 2152    5-yr 565.00 564.63 566.30 0.018352 9.13 9.13 3.92 218.96 62.62 0.86
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HEC-RAS  Plan: RedwoodCreek   River: REDWOOD   Reach: REDWOOD CREEK (Continued)

Reach River Sta Profile W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Vel Total Shear LOB Shear ROB Shear Total Flow Area Top Width Froude # Chl
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REDWOOD CREEK 2152    10-yr 565.97 567.20 0.013292 8.90 8.90 0.03 0.08 3.34 281.03 67.88 0.76

REDWOOD CREEK 2152    25-yr 566.58 567.79 0.010983 8.84 8.71 0.19 0.27 2.73 325.91 79.83 0.70

REDWOOD CREEK 2152    50-yr 567.44 568.65 0.008950 8.89 8.44 0.36 0.46 2.23 402.97 99.05 0.65

REDWOOD CREEK 2152    100-yr 567.87 569.07 0.008186 8.91 8.27 0.42 0.53 2.05 447.45 109.48 0.63

REDWOOD CREEK 2104    Summer 558.95 558.78 558.95 0.001404 0.33 0.33 0.01 3.02 18.62 0.14

REDWOOD CREEK 2104    Winter 560.21 559.60 560.29 0.005290 2.24 2.24 0.35 39.35 37.17 0.38

REDWOOD CREEK 2104    0.5 Bankfull 561.54 560.72 561.79 0.008058 4.00 4.00 0.92 100.10 54.16 0.52

REDWOOD CREEK 2104    1.5-yr 562.30 562.77 0.011706 5.52 5.52 1.64 144.93 63.86 0.65

REDWOOD CREEK 2104    2-yr 563.27 563.76 0.009357 5.62 5.62 1.60 213.48 77.35 0.60

REDWOOD CREEK 2104    5-yr 565.18 565.60 0.005351 5.16 5.16 1.22 387.94 105.24 0.47

REDWOOD CREEK 2104    10-yr 566.23 566.61 0.004120 4.94 4.94 1.07 506.53 120.57 0.42

REDWOOD CREEK 2104    25-yr 566.89 567.25 0.003564 4.82 4.82 1.00 588.85 130.15 0.40

REDWOOD CREEK 2104    50-yr 567.80 568.16 0.003063 4.76 4.76 0.94 713.77 143.47 0.38

REDWOOD CREEK 2104    100-yr 568.25 568.60 0.002756 4.75 4.75 0.02 0.03 0.89 779.12 149.07 0.36

REDWOOD CREEK 2032    Summer 558.59 558.59 558.61 0.141215 1.13 1.13 0.28 0.88 27.46 1.11

REDWOOD CREEK 2032    Winter 559.15 559.15 559.41 0.046289 4.11 4.11 1.49 21.42 41.45 1.01

REDWOOD CREEK 2032    0.5 Bankfull 560.04 560.04 560.68 0.034759 6.42 6.42 2.71 62.30 49.35 1.01

REDWOOD CREEK 2032    1.5-yr 561.65 562.04 0.008329 5.14 4.65 0.32 0.93 172.19 95.25 0.55

REDWOOD CREEK 2032    2-yr 563.02 563.29 0.003709 4.51 3.82 0.39 0.12 0.64 314.11 112.90 0.40

REDWOOD CREEK 2032    5-yr 565.09 565.32 0.001957 4.32 3.47 0.39 0.19 0.50 576.02 139.09 0.31

REDWOOD CREEK 2032    10-yr 566.16 566.39 0.001580 4.33 3.42 0.39 0.21 0.47 731.81 150.93 0.28

REDWOOD CREEK 2032    25-yr 566.83 567.06 0.001408 4.33 3.40 0.40 0.21 0.46 834.38 156.35 0.27

REDWOOD CREEK 2032    50-yr 567.75 567.98 0.001281 4.45 3.46 0.42 0.21 0.46 982.87 166.91 0.26

REDWOOD CREEK 2032    100-yr 568.20 568.44 0.001226 4.50 3.49 0.43 0.23 0.47 1058.90 168.67 0.26

REDWOOD CREEK 1893    Summer 556.09 556.09 0.000000 0.02 0.02 0.00 49.76 34.81 0.00

REDWOOD CREEK 1893    Winter 557.65 557.66 0.000210 0.81 0.81 0.03 108.14 40.16 0.09

REDWOOD CREEK 1893    0.5 Bankfull 559.86 559.92 0.000653 1.95 1.95 0.00 0.16 205.32 48.16 0.16

REDWOOD CREEK 1893    1.5-yr 561.55 561.67 0.000911 2.76 2.71 0.05 0.27 295.54 58.63 0.20

REDWOOD CREEK 1893    2-yr 562.84 563.01 0.001064 3.33 3.19 0.10 0.35 376.33 66.63 0.23

REDWOOD CREEK 1893    5-yr 564.85 565.11 0.001250 4.12 3.83 0.20 0.49 522.79 79.09 0.25

REDWOOD CREEK 1893    10-yr 565.89 566.19 0.001325 4.50 4.11 0.25 0.55 608.04 85.51 0.26

REDWOOD CREEK 1893    25-yr 566.53 566.86 0.001363 4.71 4.27 0.29 0.60 664.33 89.50 0.27

REDWOOD CREEK 1893    50-yr 567.41 567.78 0.001465 5.09 4.56 0.33 0.67 745.34 96.33 0.28

REDWOOD CREEK 1893    100-yr 567.84 568.24 0.001509 5.27 4.70 0.37 0.71 787.69 98.92 0.29

REDWOOD CREEK 1861.71 Summer 556.09 556.09 0.000000 0.02 0.02 0.00 58.49 27.28 0.00

REDWOOD CREEK 1861.71 Winter 557.64 557.65 0.000182 0.84 0.84 0.03 104.99 32.76 0.08

REDWOOD CREEK 1861.71 0.5 Bankfull 559.83 559.90 0.000822 2.12 2.12 0.20 188.33 44.86 0.18

REDWOOD CREEK 1861.71 1.5-yr 561.50 561.64 0.001201 2.96 2.95 0.03 0.35 271.02 54.04 0.23

REDWOOD CREEK 1861.71 2-yr 562.78 562.97 0.001394 3.52 3.48 0.09 0.46 344.68 61.18 0.25

REDWOOD CREEK 1861.71 5-yr 564.78 565.06 0.001484 4.31 4.16 0.18 0.07 0.56 480.49 74.53 0.27

REDWOOD CREEK 1861.71 10-yr 565.80 566.14 0.001501 4.71 4.46 0.22 0.12 0.61 559.92 80.52 0.28

REDWOOD CREEK 1861.71 25-yr 566.44 566.81 0.001511 4.95 4.64 0.25 0.15 0.64 612.35 84.62 0.28

REDWOOD CREEK 1861.71 50-yr 567.30 567.73 0.001582 5.37 4.94 0.30 0.19 0.70 687.73 90.90 0.30

REDWOOD CREEK 1861.71 100-yr 567.72 568.18 0.001618 5.58 5.09 0.33 0.22 0.74 726.77 93.96 0.30

REDWOOD CREEK 1794.38 Summer 556.09 553.17 556.09 0.000000 0.02 0.02 0.00 53.49 23.12 0.00

REDWOOD CREEK 1794.38 Winter 557.63 554.34 557.64 0.000241 0.95 0.95 0.04 92.41 28.21 0.09

REDWOOD CREEK 1794.38 0.5 Bankfull 559.74 555.86 559.83 0.001119 2.47 2.47 0.27 162.04 37.42 0.21

REDWOOD CREEK 1794.38 1.5-yr 561.34 557.20 561.53 0.001727 3.54 3.53 0.04 0.51 226.69 43.21 0.27

REDWOOD CREEK 1794.38 2-yr 562.56 558.26 562.85 0.002101 4.28 4.25 0.10 0.69 282.31 47.65 0.30

REDWOOD CREEK 1794.38 5-yr 564.47 559.89 564.92 0.002586 5.35 5.28 0.22 1.00 379.03 53.69 0.35

REDWOOD CREEK 1794.38 10-yr 565.45 560.68 565.98 0.002803 5.87 5.77 0.28 1.17 433.08 56.77 0.37

REDWOOD CREEK 1794.38 25-yr 566.06 561.17 566.65 0.002925 6.18 6.07 0.32 1.27 468.08 58.75 0.38

REDWOOD CREEK 1794.38 50-yr 566.86 561.89 567.55 0.003214 6.72 6.59 0.38 1.46 516.07 61.41 0.40

REDWOOD CREEK 1794.38 100-yr 567.25 562.29 568.00 0.003361 6.99 6.85 0.42 1.57 540.24 62.70 0.41

REDWOOD CREEK 1784.08 Bridge

REDWOOD CREEK 1784.07 Summer 556.09 556.09 0.000001 0.03 0.03 0.00 34.85 23.28 0.00

REDWOOD CREEK 1784.07 Winter 557.61 557.64 0.000469 1.18 1.18 0.07 74.60 28.30 0.13

REDWOOD CREEK 1784.07 0.5 Bankfull 559.69 559.81 0.001651 2.88 2.88 0.38 138.90 34.12 0.25

REDWOOD CREEK 1784.07 1.5-yr 561.24 561.51 0.002508 4.11 4.11 0.72 194.87 37.44 0.32

REDWOOD CREEK 1784.07 2-yr 562.42 562.81 0.003106 4.99 4.99 1.01 240.36 39.64 0.36

REDWOOD CREEK 1784.07 5-yr 564.24 564.86 0.004015 6.35 6.35 1.55 314.97 42.70 0.41

REDWOOD CREEK 1784.07 10-yr 565.15 565.92 0.004509 7.05 7.05 1.87 354.68 44.34 0.44

REDWOOD CREEK 1784.07 25-yr 565.71 566.58 0.004835 7.48 7.48 2.08 379.84 45.57 0.46

REDWOOD CREEK 1784.07 50-yr 566.42 567.47 0.005444 8.24 8.23 0.07 2.40 412.88 48.32 0.49

REDWOOD CREEK 1784.07 100-yr 566.75 567.91 0.005746 8.64 8.62 0.13 2.54 429.37 50.07 0.50

REDWOOD CREEK 1700    Summer 556.09 556.03 556.09 0.003493 0.35 0.35 0.02 2.83 31.46 0.21

REDWOOD CREEK 1700    Winter 557.52 557.56 0.002103 1.68 1.68 0.18 52.24 37.28 0.25

REDWOOD CREEK 1700    0.5 Bankfull 559.51 559.65 0.002472 3.00 3.00 0.45 133.48 44.40 0.30

REDWOOD CREEK 1700    1.5-yr 561.04 561.28 0.002764 3.89 3.89 0.68 205.91 49.87 0.34

REDWOOD CREEK 1700    2-yr 562.22 562.54 0.002934 4.49 4.49 0.85 267.26 54.11 0.36

REDWOOD CREEK 1700    5-yr 564.06 564.51 0.003175 5.36 5.36 0.01 1.12 372.99 62.10 0.38

REDWOOD CREEK 1700    10-yr 565.02 565.53 0.003114 5.77 5.65 0.10 0.03 0.97 442.38 83.95 0.39

REDWOOD CREEK 1700    25-yr 565.62 566.17 0.003002 5.98 5.72 0.15 0.08 0.92 496.52 96.51 0.38

REDWOOD CREEK 1700    50-yr 566.39 567.01 0.003006 6.39 5.89 0.23 0.14 0.94 576.97 110.24 0.39

REDWOOD CREEK 1700    100-yr 566.77 567.42 0.002995 6.57 5.98 0.30 0.16 0.99 619.24 111.50 0.39

REDWOOD CREEK 1506.97 Summer 555.25 555.26 0.005415 0.68 0.68 0.06 1.48 8.57 0.29

REDWOOD CREEK 1506.97 Winter 556.77 556.88 0.006603 2.75 2.75 0.50 32.01 25.93 0.44

REDWOOD CREEK 1506.97 0.5 Bankfull 558.45 558.82 0.008416 4.86 4.86 1.25 82.29 33.40 0.55

REDWOOD CREEK 1506.97 1.5-yr 559.75 560.34 0.009464 6.16 6.16 1.84 129.80 39.99 0.60

REDWOOD CREEK 1506.97 2-yr 560.86 561.57 0.009138 6.77 6.77 2.10 177.26 46.05 0.61

REDWOOD CREEK 1506.97 5-yr 562.71 563.55 0.007971 7.35 7.35 2.30 271.96 56.10 0.59

REDWOOD CREEK 1506.97 10-yr 563.73 564.61 0.007512 7.52 7.52 2.34 332.41 63.43 0.58

REDWOOD CREEK 1506.97 25-yr 564.39 565.27 0.007339 7.53 7.52 0.04 0.06 2.14 377.80 77.36 0.58

REDWOOD CREEK 1506.97 50-yr 565.27 566.17 0.006220 7.67 7.34 0.21 0.20 1.51 463.43 115.67 0.54

REDWOOD CREEK 1506.97 100-yr 565.72 566.62 0.005668 7.68 7.15 0.33 0.25 1.48 517.19 120.17 0.52

REDWOOD CREEK 1247.39 Summer 553.23 553.23 553.29 0.074773 1.95 1.95 0.55 0.51 4.33 1.00

REDWOOD CREEK 1247.39 Winter 554.46 554.46 554.87 0.041626 5.16 5.16 2.04 17.05 21.18 1.01

REDWOOD CREEK 1247.39 0.5 Bankfull 555.94 555.81 556.77 0.026091 7.30 7.30 3.06 54.79 27.85 0.92

REDWOOD CREEK 1247.39 1.5-yr 557.43 558.45 0.017745 8.11 8.11 3.25 98.67 31.13 0.80

REDWOOD CREEK 1247.39 2-yr 558.51 559.76 0.016475 8.99 8.99 3.72 133.52 33.51 0.79

REDWOOD CREEK 1247.39 5-yr 560.08 561.82 0.016881 10.59 10.59 4.79 188.88 36.90 0.83
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HEC-RAS  Plan: RedwoodCreek   River: REDWOOD   Reach: REDWOOD CREEK (Continued)

Reach River Sta Profile W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Vel Total Shear LOB Shear ROB Shear Total Flow Area Top Width Froude # Chl
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REDWOOD CREEK 1247.39 10-yr 560.87 562.90 0.017078 11.42 11.42 0.03 0.11 5.29 218.97 38.75 0.84

REDWOOD CREEK 1247.39 25-yr 561.35 560.69 563.58 0.016831 11.96 11.91 0.24 0.26 5.19 238.41 42.59 0.85

REDWOOD CREEK 1247.39 50-yr 562.06 561.47 564.60 0.016713 12.81 12.55 0.55 0.46 5.04 270.84 50.03 0.86

REDWOOD CREEK 1247.39 100-yr 562.39 561.87 565.11 0.016826 13.26 12.80 0.60 0.57 4.71 289.02 58.24 0.87

REDWOOD CREEK 1097.31 Summer 551.48 551.48 0.000009 0.08 0.08 0.00 12.37 13.93 0.02

REDWOOD CREEK 1097.31 Winter 553.61 553.64 0.001215 1.49 1.49 0.13 59.20 32.89 0.20

REDWOOD CREEK 1097.31 0.5 Bankfull 555.70 555.82 0.002006 2.77 2.77 0.38 144.23 45.21 0.27

REDWOOD CREEK 1097.31 1.5-yr 557.23 557.44 0.002381 3.69 3.69 0.60 216.64 49.33 0.31

REDWOOD CREEK 1097.31 2-yr 558.36 558.66 0.002664 4.38 4.38 0.80 274.07 51.88 0.34

REDWOOD CREEK 1097.31 5-yr 560.04 560.51 0.003189 5.50 5.50 1.18 363.35 54.59 0.38

REDWOOD CREEK 1097.31 10-yr 560.89 561.47 0.003502 6.09 6.09 1.41 410.79 56.52 0.40

REDWOOD CREEK 1097.31 25-yr 561.45 562.09 0.003635 6.42 6.41 0.04 1.49 442.82 59.92 0.41

REDWOOD CREEK 1097.31 50-yr 562.29 563.03 0.003744 6.90 6.75 0.15 0.07 1.20 503.50 90.43 0.42

REDWOOD CREEK 1097.31 100-yr 562.72 563.49 0.003710 7.10 6.81 0.20 0.15 1.21 543.48 96.36 0.42

REDWOOD CREEK 1025.04 Summer 551.45 551.47 0.016884 1.26 1.26 0.20 0.79 4.20 0.51

REDWOOD CREEK 1025.04 Winter 552.86 552.86 553.34 0.040164 5.54 5.54 2.25 15.88 17.14 1.02

REDWOOD CREEK 1025.04 0.5 Bankfull 555.20 555.52 0.010357 4.50 4.50 1.18 88.81 47.49 0.58

REDWOOD CREEK 1025.04 1.5-yr 556.86 557.18 0.005244 4.54 4.54 1.00 176.30 55.11 0.45

REDWOOD CREEK 1025.04 2-yr 558.02 558.41 0.004430 4.98 4.98 1.11 240.79 56.33 0.42

REDWOOD CREEK 1025.04 5-yr 559.68 560.23 0.004408 5.96 5.96 1.44 335.58 57.99 0.44

REDWOOD CREEK 1025.04 10-yr 560.52 561.17 0.004595 6.50 6.50 1.66 384.86 59.73 0.45

REDWOOD CREEK 1025.04 25-yr 561.06 561.78 0.004647 6.80 6.80 0.02 1.76 417.91 61.89 0.46

REDWOOD CREEK 1025.04 50-yr 561.91 562.72 0.004581 7.22 7.11 0.13 1.54 478.22 80.88 0.46

REDWOOD CREEK 1025.04 100-yr 562.34 563.19 0.004526 7.41 7.18 0.03 0.18 1.44 515.59 93.43 0.46

REDWOOD CREEK 776     Summer 550.58 550.58 0.001495 0.32 0.32 0.01 3.17 22.02 0.15

REDWOOD CREEK 776     Winter 552.33 552.36 0.001142 1.37 1.37 0.11 64.40 39.82 0.19

REDWOOD CREEK 776     0.5 Bankfull 554.75 554.83 0.001088 2.23 2.19 0.06 0.21 182.88 56.28 0.21

REDWOOD CREEK 776     1.5-yr 556.52 556.63 0.001034 2.73 2.40 0.08 0.12 0.21 332.80 100.31 0.22

REDWOOD CREEK 776     2-yr 557.75 557.88 0.000972 3.07 2.61 0.14 0.15 0.26 459.56 105.51 0.22

REDWOOD CREEK 776     5-yr 559.47 559.65 0.001043 3.74 3.07 0.24 0.16 0.34 651.90 121.07 0.23

REDWOOD CREEK 776     10-yr 560.35 560.56 0.001062 4.05 3.29 0.29 0.21 0.39 759.35 123.36 0.24

REDWOOD CREEK 776     25-yr 560.92 561.15 0.001066 4.23 3.42 0.31 0.24 0.42 830.98 125.79 0.24

REDWOOD CREEK 776     50-yr 561.82 562.07 0.001072 4.51 3.59 0.33 0.29 0.46 947.57 131.20 0.25

REDWOOD CREEK 776     100-yr 562.27 562.54 0.001061 4.62 3.67 0.35 0.30 0.48 1007.54 131.20 0.25

REDWOOD CREEK 600     Summer 550.10 550.10 0.006050 0.74 0.74 0.07 1.36 7.46 0.30

REDWOOD CREEK 600     Winter 551.74 551.90 0.009002 3.30 3.30 0.71 26.68 20.35 0.51

REDWOOD CREEK 600     0.5 Bankfull 554.13 554.43 0.006101 4.36 4.36 0.98 91.84 34.12 0.47

REDWOOD CREEK 600     1.5-yr 555.84 556.24 0.005490 5.09 5.09 1.21 157.03 42.13 0.47

REDWOOD CREEK 600     2-yr 557.02 557.51 0.005496 5.65 5.37 0.14 0.92 223.36 80.37 0.48

REDWOOD CREEK 600     5-yr 559.00 559.33 0.003577 5.03 3.87 0.03 0.36 0.57 517.33 196.85 0.40

REDWOOD CREEK 600     10-yr 560.04 560.29 0.002307 4.54 3.43 0.15 0.37 0.50 729.24 206.65 0.33

REDWOOD CREEK 600     25-yr 560.68 560.90 0.001854 4.36 3.29 0.17 0.37 0.47 863.02 209.69 0.30

REDWOOD CREEK 600     50-yr 561.63 561.83 0.001447 4.21 3.19 0.19 0.37 0.44 1064.49 214.10 0.27

REDWOOD CREEK 600     100-yr 562.11 562.31 0.001305 4.16 3.17 0.20 0.37 0.43 1167.79 216.33 0.26

REDWOOD CREEK 491     Summer 549.74 549.75 0.002043 0.48 0.48 0.03 2.07 9.58 0.18

REDWOOD CREEK 491     Winter 551.63 551.65 0.000796 1.08 1.08 0.07 81.81 55.49 0.16

REDWOOD CREEK 491     0.5 Bankfull 554.15 554.19 0.000632 1.74 1.74 0.14 230.38 62.55 0.16

REDWOOD CREEK 491     1.5-yr 555.89 555.98 0.000724 2.31 2.27 0.04 0.20 352.89 77.70 0.18

REDWOOD CREEK 491     2-yr 557.09 557.21 0.000813 2.77 2.66 0.05 0.24 450.36 92.19 0.20

REDWOOD CREEK 491     5-yr 558.94 559.11 0.000885 3.40 3.02 0.04 0.10 0.27 663.34 130.39 0.21

REDWOOD CREEK 491     10-yr 559.94 560.12 0.000867 3.64 3.13 0.03 0.15 0.27 798.69 154.30 0.21

REDWOOD CREEK 491     25-yr 560.57 560.77 0.000843 3.76 3.14 0.04 0.17 0.27 903.07 172.99 0.21

REDWOOD CREEK 491     50-yr 561.51 561.72 0.000807 3.91 3.18 0.08 0.20 0.29 1070.12 178.83 0.21

REDWOOD CREEK 491     100-yr 561.99 562.20 0.000789 3.99 3.20 0.10 0.22 0.30 1155.67 181.74 0.21

REDWOOD CREEK 449     Summer 549.65 549.44 549.65 0.002197 0.53 0.53 0.03 1.87 7.83 0.19

REDWOOD CREEK 449     Winter 551.55 551.60 0.002282 1.68 1.68 0.18 52.25 39.91 0.26

REDWOOD CREEK 449     0.5 Bankfull 554.06 554.15 0.001438 2.48 2.48 0.29 161.31 47.21 0.24

REDWOOD CREEK 449     1.5-yr 555.77 555.92 0.001774 3.19 3.19 0.45 250.49 58.48 0.27

REDWOOD CREEK 449     2-yr 556.93 557.15 0.002226 3.69 3.69 0.59 325.39 72.95 0.31

REDWOOD CREEK 449     5-yr 558.78 559.04 0.002347 4.06 4.06 0.69 492.37 100.06 0.32

REDWOOD CREEK 449     10-yr 559.79 560.06 0.002124 4.17 4.14 0.05 0.63 603.48 122.27 0.31

REDWOOD CREEK 449     25-yr 560.43 560.71 0.001972 4.22 4.14 0.08 0.59 686.75 138.98 0.31

REDWOOD CREEK 449     50-yr 561.38 561.66 0.001756 4.29 4.11 0.15 0.00 0.58 826.86 153.12 0.29

REDWOOD CREEK 449     100-yr 561.86 562.14 0.001623 4.32 4.10 0.17 0.02 0.56 901.85 160.20 0.29

REDWOOD CREEK 400     Summer 549.28 549.28 549.33 0.073030 1.83 1.83 0.50 0.55 4.99 0.98

REDWOOD CREEK 400     Winter 551.32 550.52 551.43 0.005335 2.66 2.66 0.45 33.11 23.83 0.40

REDWOOD CREEK 400     0.5 Bankfull 553.81 552.04 554.03 0.003835 3.78 3.78 0.71 105.78 34.13 0.38

REDWOOD CREEK 400     1.5-yr 555.44 553.20 555.77 0.004531 4.66 4.45 0.11 0.68 179.92 72.55 0.42

REDWOOD CREEK 400     2-yr 556.67 554.11 557.00 0.003516 4.77 4.01 0.25 0.11 0.55 299.56 116.58 0.39

REDWOOD CREEK 400     5-yr 558.66 555.94 558.93 0.002088 4.65 3.68 0.38 0.18 0.51 543.73 133.98 0.32

REDWOOD CREEK 400     10-yr 559.70 556.68 559.97 0.001745 4.69 3.57 0.42 0.16 0.46 700.02 162.25 0.30

REDWOOD CREEK 400     25-yr 560.36 556.97 560.62 0.001560 4.68 3.51 0.43 0.18 0.45 809.32 174.00 0.29

REDWOOD CREEK 400     50-yr 561.33 557.42 561.58 0.001348 4.68 3.46 0.45 0.19 0.43 984.00 193.41 0.27

REDWOOD CREEK 400     100-yr 561.82 557.61 562.06 0.001260 4.68 3.44 0.46 0.20 0.43 1076.99 200.67 0.26

REDWOOD CREEK 274     Summer 549.12 549.12 0.000426 0.24 0.24 0.01 4.13 16.54 0.09

REDWOOD CREEK 274     Winter 551.15 551.18 0.000874 1.29 1.29 0.10 68.47 37.66 0.17

REDWOOD CREEK 274     0.5 Bankfull 553.68 553.76 0.001042 2.24 2.22 0.00 0.01 0.19 180.13 58.65 0.20

REDWOOD CREEK 274     1.5-yr 555.33 555.46 0.001160 2.93 2.67 0.04 0.10 0.26 299.33 77.39 0.23

REDWOOD CREEK 274     2-yr 556.54 556.71 0.001218 3.44 2.90 0.07 0.11 0.26 414.25 112.94 0.24

REDWOOD CREEK 274     5-yr 558.52 558.72 0.001102 3.91 2.98 0.11 0.16 0.28 671.82 160.06 0.24

REDWOOD CREEK 274     10-yr 559.59 559.79 0.000989 4.01 2.94 0.12 0.19 0.29 849.07 170.61 0.23

REDWOOD CREEK 274     25-yr 560.25 560.45 0.000917 4.04 2.95 0.12 0.21 0.30 963.91 173.86 0.22

REDWOOD CREEK 274     50-yr 561.23 561.43 0.000845 4.12 2.99 0.12 0.24 0.32 1136.73 179.14 0.22

REDWOOD CREEK 274     100-yr 561.73 561.92 0.000817 4.18 3.02 0.12 0.25 0.33 1225.55 182.82 0.22

REDWOOD CREEK 179     Summer 549.12 549.12 0.000018 0.09 0.09 0.00 11.60 20.61 0.02

REDWOOD CREEK 179     Winter 551.07 551.09 0.000941 1.32 1.32 0.02 0.10 66.90 38.40 0.17

REDWOOD CREEK 179     0.5 Bankfull 553.58 553.66 0.001062 2.36 2.30 0.08 0.23 173.92 47.39 0.21

REDWOOD CREEK 179     1.5-yr 555.17 555.32 0.001632 3.18 3.08 0.19 0.41 260.10 62.48 0.27

REDWOOD CREEK 179     2-yr 556.37 556.57 0.001641 3.73 3.54 0.05 0.16 0.44 339.15 75.51 0.28

REDWOOD CREEK 179     5-yr 558.32 558.60 0.001502 4.36 3.73 0.16 0.20 0.43 536.28 111.97 0.28

REDWOOD CREEK 179     10-yr 559.38 559.67 0.001378 4.55 3.80 0.20 0.25 0.47 657.31 116.71 0.27

REDWOOD CREEK 179     25-yr 560.04 560.34 0.001317 4.67 3.86 0.23 0.29 0.49 735.09 119.47 0.27
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HEC-RAS  Plan: RedwoodCreek   River: REDWOOD   Reach: REDWOOD CREEK (Continued)

Reach River Sta Profile W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Vel Total Shear LOB Shear ROB Shear Total Flow Area Top Width Froude # Chl

(ft) (ft) (ft) (ft/ft) (ft/s) (ft/s) (lb/sq ft) (lb/sq ft) (lb/sq ft) (sq ft) (ft)  

REDWOOD CREEK 179     50-yr 561.01 561.32 0.001263 4.89 3.99 0.25 0.33 0.52 852.45 124.46 0.27

REDWOOD CREEK 179     100-yr 561.49 561.82 0.001244 5.00 4.05 0.25 0.35 0.53 913.49 128.10 0.27

REDWOOD CREEK 77.94   Summer 549.11 548.11 549.11 0.000014 0.09 0.09 0.00 11.01 14.30 0.02

REDWOOD CREEK 77.94   Winter 550.93 549.42 550.97 0.001636 1.57 1.57 0.15 55.95 36.74 0.22

REDWOOD CREEK 77.94   0.5 Bankfull 553.48 550.95 553.55 0.001154 2.14 2.12 0.02 0.04 0.21 188.59 63.40 0.21

REDWOOD CREEK 77.94   1.5-yr 555.06 551.98 555.18 0.001144 2.79 2.70 0.07 0.09 0.28 296.21 72.65 0.23

REDWOOD CREEK 77.94   2-yr 556.26 552.63 556.42 0.001165 3.28 3.09 0.10 0.13 0.34 388.32 80.82 0.24

REDWOOD CREEK 77.94   5-yr 558.22 553.63 558.45 0.001152 3.95 3.60 0.20 0.18 0.44 555.28 88.19 0.25

REDWOOD CREEK 77.94   10-yr 559.27 554.14 559.54 0.001142 4.28 3.85 0.25 0.21 0.49 649.37 91.12 0.25

REDWOOD CREEK 77.94   25-yr 559.92 554.50 560.21 0.001139 4.48 4.00 0.28 0.23 0.52 709.36 92.82 0.26

REDWOOD CREEK 77.94   50-yr 560.87 555.05 561.20 0.001158 4.81 4.26 0.33 0.27 0.57 798.51 95.59 0.26

REDWOOD CREEK 77.94   100-yr 561.34 555.32 561.69 0.001190 5.01 4.38 0.30 0.29 0.58 844.73 102.28 0.27

REDWOOD CREEK 44.90   Bridge

REDWOOD CREEK 44.89   Summer 549.07 549.07 549.11 0.085362 1.60 1.60 0.42 0.63 7.93 1.00

REDWOOD CREEK 44.89   Winter 550.73 550.86 0.006884 2.95 2.95 0.56 29.78 22.12 0.45

REDWOOD CREEK 44.89   0.5 Bankfull 553.43 553.50 0.001479 2.23 2.23 0.25 179.71 64.03 0.23

REDWOOD CREEK 44.89   1.5-yr 555.02 555.14 0.001417 2.80 2.80 0.35 285.51 68.79 0.24

REDWOOD CREEK 44.89   2-yr 556.22 556.38 0.001411 3.24 3.24 0.01 0.02 0.42 370.76 74.42 0.25

REDWOOD CREEK 44.89   5-yr 558.18 558.41 0.001328 3.89 3.80 0.11 0.11 0.50 526.11 83.20 0.26

REDWOOD CREEK 44.89   10-yr 559.22 559.50 0.001298 4.21 4.06 0.13 0.14 0.53 615.88 88.52 0.26

REDWOOD CREEK 44.89   25-yr 559.88 560.17 0.001284 4.41 4.21 0.15 0.16 0.55 674.77 92.04 0.26

REDWOOD CREEK 44.89   50-yr 560.82 561.16 0.001286 4.72 4.45 0.20 0.20 0.60 763.55 95.47 0.27

REDWOOD CREEK 44.89   100-yr 561.29 561.65 0.001291 4.88 4.57 0.21 0.22 0.63 808.86 97.49 0.27

REDWOOD CREEK 9.08    Summer 547.81 547.59 547.81 0.002000 0.51 0.51 0.03 1.95 8.07 0.18

REDWOOD CREEK 9.08    Winter 550.66 548.93 550.72 0.002003 1.94 1.94 0.22 45.47 23.85 0.25

REDWOOD CREEK 9.08    0.5 Bankfull 553.33 550.85 553.44 0.002003 2.63 2.63 0.35 152.15 51.55 0.27

REDWOOD CREEK 9.08    1.5-yr 554.90 552.18 555.07 0.002001 3.37 3.36 0.05 0.03 0.49 238.08 57.05 0.29

REDWOOD CREEK 9.08    2-yr 556.07 552.88 556.31 0.002000 3.96 3.91 0.10 0.07 0.59 306.86 60.26 0.30

REDWOOD CREEK 9.08    5-yr 557.98 554.03 558.34 0.002002 4.83 4.67 0.19 0.16 0.73 428.51 67.21 0.31

REDWOOD CREEK 9.08    10-yr 559.00 554.58 559.42 0.002002 5.27 4.99 0.20 0.19 0.77 500.65 75.19 0.32

REDWOOD CREEK 9.08    25-yr 559.64 554.95 560.10 0.002001 5.53 5.16 0.21 0.22 0.77 550.90 82.77 0.32

REDWOOD CREEK 9.08    50-yr 560.56 555.50 561.08 0.002001 5.90 5.39 0.29 0.27 0.83 630.49 86.83 0.33

REDWOOD CREEK 9.08    100-yr 561.03 555.80 561.58 0.002000 6.08 5.52 0.34 0.29 0.88 670.85 87.62 0.33
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which did not appear in the database search results, but are known to occur within the South Fork 

Eel River in large numbers and likely in Redwood Creek. Each of these species are discussed in 

further detail in the sections below.  
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Table 6-1. Special-status fish and wildlife species with moderate to high potential to occur in the Project area. 

Species name 

Status1 

Federal/ 

State 

Distribution and habitat associations  
Location of suitable 

habitat in Project area 

Likelihood of 

occurrence  

Fish 

Oncorhynchus kisutch  

(Coho salmon – 

southern Oregon/ 

northern California 

coast Evolutionarily 

Significant Unit) 

FT, CH/ST 

Spawn in coastal streams and large mainstem rivers 

(i.e., Klamath/Trinity rivers) in riffles and pool 

tails-outs and rear in pools > 3 ft deep with 

overhead cover with high levels oxygen and 

temperatures between 50–59oF. 

Suitable habitat occurs in 

the South Fork Eel River 

and Redwood Creek.  

High: Present in 

Redwood Creek. 

Oncorhynchus 

tshawytscha 

(Chinook salmon – 

California Coastal 

ESU) 

FT, CH/None 

Wild coastal, spring, and fall-run Chinook found in 

streams and rivers between Redwood Creek, 

Humboldt County to the north and the Russian 

River, Sonoma County to the south. 

Suitable habitat occurs in 

the South Fork Eel River 

and Redwood Creek. 

High: Present in 

Redwood Creek. 

Oncorhynchus mykiss  

(Steelhead – northern 

California coast 

Distinct Population 

Segment) 

FT, CH/None 

Inhabits small coastal streams to large mainstem 

rivers with gravel-bottomed, fast-flowing habitat for 

spawning. However, habitat criteria for different 

life stages (spawning, fry rearing, juvenile rearing) 

are can vary significantly.  

Suitable habitat occurs in 

the South Fork Eel River 

and Redwood Creek.  

High: Present in 

Redwood Creek. 

Entosphenus tridentatus 

(Pacific lamprey) 
None/SSC 

Similar to anadromous salmonids, inhabits coastal 

streams and rivers with gravel-bottomed, fast-

flowing habitat for spawning. Ammocoetes rear in 

backwater areas with sand, silt, and organic material 

for 4 to 10 years before migrating to the ocean. 

Suitable habitat is present 

and spawning/rearing 

occurs in the South Fork 

Eel River. Spawning and 

rearing habitat is likely to 

occur in Redwood Creek. 

High: Suitable habitat 

present. 
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Species name 

Status1 

Federal/ 

State 

Distribution and habitat associations  
Location of suitable 

habitat in Project area 

Likelihood of 

occurrence  

Amphibians 

Rana boylii  

(foothill yellow-legged 

frog) 

None/SSC, 

CT 

Associated with partially shaded, shallow streams, 

and riffles with rocky substrate. Some cobble-sized 

substrate required for egg laying. Adults move into 

smaller tributaries after breeding. 

Suitable habitat is present 

and breeding occurs in the 

South Fork Eel River. 

Observed in Redwood 

Creek downstream of 

Project area. 

High: Suitable habitat 

present. 

Taricha rivularis  

(red-bellied newt) 
None/SSC 

Ranges from southern Humboldt to Sonoma 

counties. Found in streams during breeding season. 

Moist habitats under woody debris, rocks, and 

animal burrows.  

Suitable habitat is present 

and sightings have 

occurred in the Mattole 

River, approximately 5 mi 

west of the Project area.  

High: Habitat present 

in the Project area. 

Birds  

Strix occidentalis 

caurina  

(northern spotted owl) 

FT/ST 

Typically found in large, contiguous stands of 

mature and old-growth coniferous forest with dense 

multi-layered structure. 

Suitable foraging habitat is 

present within the Project 

area. Habitat within the 

Project area is unsuitable 

for nesting. The closest 

activity center is over 1.7 

mi to the south-southeast 

of the Project area. 

Moderate: Suitable 

foraging habitat exists 

in the Project area. 

Asio otus  

(long-eared owl) 
None/SSC 

Distributed throughout North America. Recorded in 

north coast from Bald Hills, Humboldt County to 

Willits, Mendocino County. In Humboldt County, 

nest in mixed stands of conifers and oaks with 

edges and openings such as meadows or prairies. 

Suitable nesting and 

foraging habitat present in 

the Project area. 

High: Habitat present 

in the Project area. 

Reptiles 

Emys marmorata 

(western pond turtle) 
None/SSC 

Ponds, marshes, rivers, streams, and irrigation 

ditches with abundant vegetation, and either rocky 

or muddy bottoms, in woodland forest and 

grasslands. Below 6,000 ft elevation. Basking sites 

are required. Egg-laying sites are located on 

suitable upland habitats (grassy open fields) up to 

1,640 ft from water. 

Suitable habitat occurs in 

the South Fork Eel River. 

Ponds that may contain 

western pond turtles are 

located on neighboring 

properties. 

Moderate. May occur 

in neighboring ponds. 
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Species name 

Status1 

Federal/ 

State 

Distribution and habitat associations  
Location of suitable 

habitat in Project area 

Likelihood of 

occurrence  

Mammals 

Arborimus pomo  

(Sonoma tree vole) 
None/SSC 

Associated nearly exclusively with Douglas-fir trees 

and occasionally grand fir trees within the north 

coast fog belt between the northern Oregon border 

and Sonoma County. Eats Douglas-fir needles 

exclusively. 

Early to mid-seral 

Douglas-fir stands are 

present adjacent to the 

Project area, which could 

provide nesting and 

foraging habitat.  

High: Recorded 

occupying timber 

stands adjacent to the 

Project area 

Corynorhinus 

townsendii 

(Townsend’s big-eared 

bat) 

None/SSC, 

CT 

Found throughout California in all but subalpine 

and alpine habitats. Roosts in cavernous habitats, 

usually in tunnels, caves, buildings, mines, and 

basal hollows of trees, but also rock shelters, 

preferentially close to water. Caves near water’s 

edge are favored. Forages in riparian zone and 

follows creeks and river drainages on foraging 

bouts. Feeds primarily on moths. Drinks at stream 

pools. 

Suitable foraging habitat 

throughout most of the 

Project area; however, 

barns, old buildings, and 

bridges for roosting are not 

present within the Project 

area. 

Moderate: May be 

present in some of the 

barns and older 

structures adjacent to 

the Project area. 

Antrozous pallidus  

(pallid bat) 

 

None/SSC 

Found throughout California. Roosts in rock 

crevices, outcrops, cliffs, mines, and caves; trees 

(underneath exfoliating bark of pine and oak) and in 

basal hollows; and a variety of vacant and occupied 

structures (e.g., bridges) or buildings. Roost 

individually or in small to large colonies (hundreds 

of individuals). 

 

Feeds low to or on the ground in a variety of open 

habitats, primarily on ground-dwelling arthropods. 

Forages most frequently in riparian zone, in open 

oak savannah, and open mixed deciduous forest. 

Drinks at stream pools. 

Suitable foraging habitat 

throughout most of the 

Project area, however 

barns, old building, and 

bridges are not present 

within the Project area. 

Moderate: May be 

present in some of the 

older structures 

adjacent to the Survey 

Area 

1Status: 

Federal 

FT Federal Threatened 

FC Federal Candidate 

CH Designated critical habitat within the Project vicinity 

 

 

 

State   

ST Threatened 

CT Candidate Threatened 

SSC  CDFW species of special concern 
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 Fish  

Fish-bearing watercourses in the Project area are inhabited by coho and Chinook salmon, 

steelhead, and Pacific lamprey. Suitable habitat for salmon, steelhead, and lamprey spawning and 

rearing was observed in Redwood Creek adjacent to the Project area during the field 

reconnaissance. Gravel in the creek was relatively unembedded and a suitable size for spawning. 

The pool:riffle:flatwater ratio was approximately 50:15:35 with the pools being between 2–5 ft 

deep. Brief life history discussions for each species are below.  

 

6.2.1.1 Coho salmon, Southern Oregon/Northern California Coast ESU  

The Southern Oregon/Northern California Coast evolutionary significant unit (ESU) for coho 

salmon is listed as threatened under the federal ESA (NMFS 2005a) and was listed as threatened 

under the California ESA in 2005. Critical habitat was designated in 1999 between the Mattole 

River in California and the Elk River in Oregon, inclusive (NMFS 1999a). Critical habitat 

includes all accessible streams and waters of estuarine areas. Coho salmon are known to spawn 

and rear in the South Fork Eel River and its tributaries. Upon emergence from the gravels, coho 

fry seek low-velocity areas along shallow stream margins (Shapovalov and Taft 1954). As they 

grow, juvenile coho move to deeper habitats, although they continue to prefer low-velocity 

habitat throughout the rearing period.  

 

Coho salmon adults typically migrate upstream from October through December, and spawn from 

November through January. Spawning generally occurs in low-gradient stream reaches with 

gravel and cobble substrates. Females dig nests (redds) in the gravel, and deposit 2,500–5,000 

eggs in a sequence of egg pockets, which are fertilized by one or more males (Beacham 1982, 

Sandercock 1991). Egg development is temperature-dependent, with fry emerging from the 

gravel in the spring, approximately three to four months after spawning. Upon emergence from 

the gravels, coho fry seek low-velocity areas along shallow stream margins (Shapovalov and Taft 

1954). As they grow, juvenile coho move to deeper habitats, although they continue to prefer 

low-velocity habitat throughout the rearing period. Juveniles typically spend one to two years 

rearing in fresh water before outmigrating. Emigration from streams to the estuary and ocean 

generally takes place from February through June. Coho typically spend two years foraging at sea 

before returning to their natal streams to spawn. 

 

Suitable habitat for coho salmon spawning and rearing was observed in Redwood Creek adjacent 

to the Project area during the field reconnaissance. Young-of-the-year coho salmon were 

observed in Redwood Creek during an instream habitat inventory in 2009 (CDFG 2009). 

 

6.2.1.2 Chinook salmon, California coastal ESU 

California coastal Chinook salmon were listed in 1999 as threatened under the federal ESA 

(NMFS 1999b). The California coastal Chinook salmon ESU extends from the Klamath River 

(exclusive) south to the Russian River (inclusive). Critical habitat for the species was designated 

in 2005 (NMFS 2005b) and includes the South Fork Eel River and Redwood Creek. 

 

Chinook salmon in the California coastal ESU exhibit life history characteristics of the fall-run 

ecotype. In California, most adult fall-run Chinook enter streams from August through 

November, with peak arrival usually occurring in October and November. Spawning occurs from 

early October through December. Upon arrival at the spawning grounds, adult females dig 

shallow depressions or pits in gravel and cobble substrate, deposit eggs in the bottom during the 

act of spawning, and cover them with additional gravel. Female fall-run Chinook deposit an 
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average of about 5,500 eggs. Egg incubation generally lasts between 40 to 90 days at water 

temperatures of 42.8 to 53.6°F, and the alevins remain in the gravel for two to three weeks before 

emerging from the gravel. Fall-run Chinook salmon fry usually begin migrating downstream soon 

after emergence in February or March, with outmigration continuing into late-July. Chinook 

spend two or more years at sea before migrating back to their natal streams to spawn. 

 

Suitable habitat for Chinook salmon spawning and rearing was observed in Redwood Creek 

adjacent to the Project area during the field reconnaissance. Chinook salmon have been identified 

as being present in Redwood Creek (CWPAP 2014).  

 

6.2.1.3 Steelhead, Northern California Coast DPS 

The Northern California Coast steelhead DPS was listed as threatened in 2006 under the federal 

ESA (NMFS 2006). The Northern California Coast steelhead DPS extends from Redwood Creek 

in Humboldt County to the Gualala River in Mendocino County (inclusive). Critical habitat for 

the species was designated in 2005 (NMFS 2005b). Critical habitat includes the South Fork Eel 

River and its tributaries, including Redwood Creek. 

 

Adult winter steelhead generally begin migrating to spawning areas in October, with the peak 

migration in December through February. Steelhead spawning occurs in mainstems, tributaries, 

and intermittent streams in December through May. Spawning occurs in gravel and cobble 

substrates where the female digs an egg pocket and deposits her eggs, which are fertilized 

externally by one or more males. Redds typically consist of a series of egg pockets that excavated 

and subsequently covered during redd construction process. Unlike Chinook and coho salmon, 

steelhead typically do not remain on the spawning grounds for extended periods to defend the 

completed redd to reduce the potential for superimposition. Egg development time is inversely 

proportional to water temperature and varies from about 19 days at 60°F to about 80 days at 42°F. 

Fry typically emerge from the gravel two to three weeks after hatching. Upon emerging from the 

gravel, fry move to shallow edgewater habitats to rear, and gradually move into deeper habitats as 

they grow. During winter, when water temperatures are cold, juveniles are less active and hide in 

the interstitial spaces between cobbles and bounders. Juvenile steelhead typically rear in fresh 

water for two to three years prior to migrating downstream to the estuary and ocean. Steelhead 

spend between six months and three years at sea before returning to their natal streams to spawn. 

Unlike salmon, steelhead are capable of repeat spawning.  

 

Suitable habitat for steelhead spawning and rearing was observed in Redwood Creek adjacent to 

the Project area during the field reconnaissance. Young-of-the-year and Age 1+ steelhead were 

observed in Redwood Creek during an instream habitat inventory in 2009 (CDFG 2009).  

 

6.2.1.4 Pacific lamprey 

The Pacific lamprey is a large, widely distributed anadromous species that rears in fresh water 

before outmigrating to the ocean, where it grows to full size (approximately 16–28 in) prior to 

returning to freshwater streams to spawn and ultimately die. The species is distributed across the 

northern margin of the Pacific Ocean, from central Baja California north along the west coast of 

North America to the Bering Sea in Alaska and off the coast of Japan. Adults migrate into and 

spawn in a wide range of river systems, from short coastal streams to tributaries of large rivers. 

 

Pacific lampreys typically spawn from March through July depending on water temperatures and 

local conditions such as seasonal flow regimes (Kan 1975, Brumo et al. 2009, Gunckel et al. 

2009). Spawning generally occurs at daily mean water temperatures from 50–64°F, with peak 
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spawning around 57–59°F (Stone 2006, Brumo 2006). Redds are typically constructed by both 

males and females in gravel and cobble substrates within pool and run tailouts and low gradient 

riffles into which eggs are deposited (Stone 2006, Brumo et al. 2009, Gunckel et al. 2009).  

 

Hatching occurs following about 15 days of incubation, the egg-sac larval stage spend another 15 

days in the redd gravels during which time they absorb the remaining egg sac, until they emerge 

at night and drift downstream (Brumo 2006). After drifting downstream, the eyeless larvae, 

known as ammocoetes, settle out of the water column and burrow into fine silt and sand 

substrates that often contain organic matter. Within the stream network they are generally found 

in low-velocity, depositional areas such as pools, alcoves, and side channels (Torgensen and 

Close 2004). Depending on factors influencing growth rates, they rear in these habitats from 4 to 

10 years, filter-feeding on algae and detrital matter prior to metamorphosing into the adult form 

(Pletcher 1963, Moore and Mallatt 1980, van de Wetering 1998). During metamorphosis, Pacific 

lampreys develop eyes, a suctoral disc, sharp teeth, and more-defined fins (McGree et al. 2008). 

  

After metamorphosis, smolt-like individuals known as macrophthalmia migrate to the ocean—

typically in conjunction with high-flow events between fall and spring (van de Wetering 1998, 

Goodman et al. 2015). In the ocean, Pacific lampreys feed parasitically on a variety of marine 

fishes (Richards and Beamish 1981, Beamish and Levings 1991, Murauskas et al. 2013). They are 

thought to remain in the ocean, feeding for approximately 18–40 months before returning to fresh 

water as sexually immature adults, typically from winter to early summer (Kan 1975, Beamish 

1980, Starcevich et al. 2014, Stillwater Sciences and Wiyot Tribe Natural Resources Department 

2016).  

 

Pacific lamprey are known to occur in the South Fork Eel River and its tributaries. Redwood 

Creek has suitable spawning and rearing habitat for this species.  

 

 Wildlife 

6.2.2.1 Foothill yellow-legged frog 

Foothill yellow-legged frog is a California species of special concern and has recently been 

designated as a candidate for threatened listing under the CESA. Within California, foothill 

yellow-legged frogs were historically found in the Sierra Nevada foothills, up to elevations of 

approximately 6,000 ft, and in the Coast Range from the Oregon state border south to the San 

Gabriel River in southern California (Stebbins 2003). Currently, populations are thought to have 

disappeared from the southern Sierra Nevada foothills, in areas south of the Transverse ranges, 

and along the coast south of Monterey County (Jennings and Hayes 1994). 

 

Foothill yellow-legged frogs are typically found in perennial streams or rivers, and intermittent 

creeks with pools. The species often breeds in open and sunny, low-gradient stream reaches near 

junctions with tributary streams, due to the proximity of adult overwintering habitat in tributaries 

and to the presence of boulders and cobbles in these locations. Egg deposition usually occurs in 

cobble bars or under large boulders in areas of low-velocity flow. Tadpoles show affinity to the 

oviposition site, remaining in edgewater habitat with substrate interstices, vegetation, and/or 

detritus for cover. Adults prefer areas with exposed basking sites and cool, shady areas adjacent 

to the water’s edge.  

 

No foothill yellow-legged frogs were observed within or adjacent to the Project area during the 

field survey in May 2019 or 2021. Suitable habitat for foothill yellow-legged frog breeding 

occurs in the South Fork Eel River where the channel widens and the tree canopy opens to allow 
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sun to reach the channel for several hours a day. Although the portion of Redwood Creek in the 

Project area is more heavily shaded than some section of the South Fork Eel River, suitable 

breeding and larval rearing habitat for foothill yellow-legged frog is present. In addition, 

Redwood Creek and its tributaries could be used by adults and juveniles of this species for 

dispersal in the fall.  

 

6.2.2.2 Red-bellied newt 

The red-bellied newt is a California species of special concern. In California, this species is found 

along the coast from near Bodega, Sonoma County, to near Honeydew, Humboldt County, and 

inland to Lower Lake and Kelsey Creek, Lake County. It lives in coastal woodlands, especially 

redwood forests. 

 

Adults are terrestrial and become aquatic when breeding. Terrestrial animals spend the dry 

summer in moist habitats under woody debris, rocks, in animal burrows. Adults forage on the 

forest floor for a variety of invertebrates. Adults move toward streams in late February at the start 

of the breeding season, which extends into May. This species avoids ponds or lakes. Females lay 

eggs under rocks or attached to submerged roots in rocky streams and rivers with moderate to fast 

flow. Incubation lasts between two weeks to one month. Larval development to metamorphosis 

occurs over four to six months, after which they emerge from the streams and occupy terrestrial 

habitat. Juveniles spend most of their time underground and are not active on the surface until 

near sexual maturity, which occurs at about four to six years of age. 

 

This species was not observed during the field survey in May 2019, however suitable aquatic and 

terrestrial habitat is present within or adjacent to Redwood Creek.  

6.2.2.3 Northern spotted owl 

The northern spotted owl is federally and state-listed as threatened. Critical habitat has been 

designated for this species, but it is not present within or adjacent to the Project area. Northern 

spotted owls are uncommon year-round residents in the northern California coastal ranges from 

Marin County north, as well as within the Cascade Range in northern California, southeast to the 

Pit River in Shasta County below 7,600 ft (Harris 1993, Gutiérrez et al. 1995, USFWS 2010). 

South of Burney in the southern Cascade Range and Sierra Nevada, the northern spotted owl is 

replaced by the California spotted owl (Strix occidentalis occidentalis) (Gutiérrez et al. 1995).  

 

Northern spotted owls are typically associated with complex mature or old-growth stands 

dominated by conifers, particularly redwoods with hardwood understories (Pious 1994, USFWS 

2011). Roosting sites are characterized by dense canopy cover dominated by large-diameter trees 

(i.e., greater than 30-in diameter at breast height [dbh]), multiple canopy layers, and north-facing 

slopes, often in cool shady areas (Gutiérrez et al. 1995, Courtney et al. 2004). Nests tend to be 

found in tree or snag cavities, on platforms (e.g., abandoned raptor or raven nests, squirrel nests, 

mistletoe brooms, or debris accumulations), or on broken-top snags (Zeiner et al. 1990a). 

Northern spotted owls are generally monogamous, forming long-term pair bonds that often last 

for life (Courtney et al. 2004). In late February or early March, pairs begin roosting in cavities, 

the tops of broken trees, or abandoned nests; nesting is followed by peak breeding in April and 

May (Zeiner et al. 1990a, Gutiérrez et al. 1995, Courtney et al. 2004). Northern spotted owls 

generally lay a single clutch of one to four eggs (Gutiérrez et al. 1995). A pair may use the same 

nesting location for several years, although breeding may not occur every year (Zeiner et al. 

1990a).  
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Primary prey items for northern spotted owls are small mammals, but birds and insects are also 

taken (Forsman et al. 1984, Zeiner et al. 1990a). Foraging habitats vary more than roosting and 

nesting habitats, but are similarly characterized by high canopy closure and complex structure 

(Thomas et al. 1990). Open areas are also important foraging areas in northern California, as the 

abundance and diversity of prey is higher in early successional habitats (Folliard et al. 2000). 

Spotted owls are likely to forage in stands that are young enough to contain an abundance of prey, 

such as woodrats, but are old enough to allow the owls to fly under the canopy (Thome et al. 

1999).  

 

Suitable nesting habitat for northern spotted owl is not present in or adjacent to the Project area; 

however, species may forage in the area. The forest to the south of the Project area is dominated 

by a dense stand of 12- to 24-inch dbh Douglas-fir with a lesser amount of hardwoods. No 

evidence (pellets, nests, whitewash on trees or forest floor, etc.) of owl nesting or occupancy was 

observed in this area and the trees within it are not suitable for nesting. The nearest activity center 

(HUM0580) for this species is located approximately 1.7 mi to the southwest and the last 

recorded observation at this activity center was of a female and male pair in 2019 (CDFW 2021).  

 

6.2.2.4 Long-eared owl 

The long-eared owl is considered a species of special concern in California. It occurs and breeds 

the length and breadth of the state east of the northern humid coastal region and from sea level to 

7000 ft (Shuford and Gardali 2008). The species is considered to be “common” to “abundant 

locally” (Shuford and Gardali 2008). Surveys for the Humboldt County breeding bird atlas found 

long-eared owls in 11 scattered blocks in the southern half of the county, mainly in the interior 

(Hunter et al. 2005, as cited in Shuford and Gardali 2008). Prior records for the region 

representing possible breeding birds extend from Bald Hills, Humboldt County, south to Willits, 

Mendocino County (Harris 2005, as cited in Shuford and Gardali 2008).  

 

Long-eared owls nests in conifer, oak, riparian, pinyon-juniper, and desert woodlands that are 

either open or are adjacent to grasslands, meadows, or shrublands. Key habitat components are 

some dense cover for nesting and roosting, suitable nest platforms, and open foraging areas. In 

Humboldt County, the owls apparently nest in mixed stands of conifers and oaks with edges and 

openings such as meadows or prairies (Hunter et al. 2005, as cited in Shuford and Gardali 2008). 

 

Although no evidence (pellets, nests, whitewash on trees or forest floor, etc.) of owl nesting or 

occupancy was observed during the field survey, the Project area contains suitable nesting and 

foraging habitat for long-eared owls. The closest sighting occurred in Humboldt Redwoods State 

Park at Bull Creek, approximately 17.5 mi north of the Project area. However, observation 

records may be relatively scarce due to the nocturnal habitat of the species.  

 

6.2.2.5 Sonoma tree vole 

The Sonoma tree vole is a candidate for state listing as threatened. In California, the Sonoma tree 

vole is restricted to coastal forests in the humid fog belt from Sonoma County north to the 

Klamath mountains (Williams 1986, Jameson and Peeters 2004, Adam and Hayes 1998). 

Distribution of Sonoma tree voles in many parts of their range is patchy (Hall 1981), but this 

species can be locally common (Williams 1986). 

 

The Sonoma tree vole is a nocturnal rodent that is active year-round (Zeiner et al. 1990b). This 

species lives, nests, and feeds within the forest canopy, though males are rarely terrestrial 

(Williams 1986). The home range usually consists of one or more trees (Brown 1985, as cited in 
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Carey 1991). Both sexes construct nests of Douglas-fir needles, typically located 6–18 m (20–

60 ft) above the ground in branches or against trunks of Douglas-fir trees (Williams 1986). In 

cases where nests were found in species other than Douglas-fir, grand fir, and redwood, nests 

were on branches interlocking with branches of Douglas-fir. Breeding occurs throughout the year, 

peaking from February through September. The young are weaned at 30–40 days (Zeiner et al. 

1990b). The diet of the red tree vole consists of needles, buds, and the tender bark of twigs of 

Douglas-fir, western hemlock, grand fir, and Bishop pine (Williams 1986, Wooster 1996). Needle 

resin ducts are removed before the remaining part is eaten. Young needles may be consumed 

entirely (Harris 1990). Tree voles obtain water from food or by licking dew or rainwater from 

coniferous trees (Maser 1965). Where present, tree voles are a common component of spotted owl 

diets (Forsman et al. 2004).  

 

In Mendocino County, nests have occasionally been located on open ridge tops and in previously 

heavily logged and/or grazed areas (Wooster 1996). The predominant tree species used by 

Sonoma tree voles is Douglas-fir, with larger trees able to support colonies of tree voles 

(Meiselman 1987, Carey 1991, Wooster 1996, Thompson and Diller 2002, Jones 2003). Based on 

a study by Thompson and Diller (2002), tree voles are hypothesized to start colonizing in tree 

stands as young as around 20 years old. Density of active vole nests increases significantly as 

stands mature beyond 20 years old (Thompson and Diller 2002). Tree voles have also been 

documented nesting in tanoak, presumably due to its common occurrence in many Douglas-fir 

stands (Thompson and Diller 2002). 

 

Although a stand search for nests and resin ducts (discarded after feeding on fir needles and used 

for nesting material) did not yield evidence of occupancy by this species, suitable habitat for 

Sonoma Tree vole is present in the Douglas-fir-dominated forest south of the Project area.  

 

6.2.2.6 Townsend’s big-eared bat 

Townsend’s big-eared bat is a candidate for state listing as threatened and a California species of 

special concern. This species occurs throughout California and is associated with caves and 

structures in a variety of habitats from deserts to coastal scrub to montane forests. Townsend’s 

big-eared bats have been documented from sea level to 10,800 ft, although in California maternity 

roosts appear to be confined to elevations below 5,900 ft (Pierson and Fellers 1998, Sherwin and 

Piaggio 2005).  

 

This cavity-dwelling species roosts and hibernates in caves (commonly limestone or basaltic 

lava), mines, buildings, bridges (with a cave-like understructure), rock crevices, tunnels, basal 

hollows in large trees, and cave-like attics (Pierson and Fellers 1998, Pierson and Rainey 2007, 

Pierson et al. 2001, Pierson and Rainey 1996, Sherwin et al. 2000, Sherwin and Piaggio 2005). 

Townsend’s big-eared bats breed in both transitory migratory sites and hibernacula between 

September or October and February (CDFW 2013). The maternity season extends from 1 March 

through 31 October, with colonies forming between March and June and breaking up by 

September or October (CDFW 2013). Maternity colonies and winter hibernacula (found in caves, 

tunnels, mines, and buildings [Zeiner et al. 1990b]) are particularly sensitive to disturbance. This 

species could be directly impacted by removal or disturbance of maternal roosts (e.g., trees, 

abandoned buildings) during the breeding season (March–October). 

 

Townsend’s big-eared bat is a moth specialist with over 90% of its diet composed of 

lepidopterans. Foraging habitat associations include edge habitats along streams, adjacent to and 

within a variety of wooded habitats. These bats often travel large distances while foraging, 

including movements of over 93 mi during a single evening (Sherwin et al. 2000). Evidence of 
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large foraging distances and large home ranges has also been documented in California (Pierson 

and Rainey 1996). 

 

Snags and large trees may be important roosts for this species. In northwestern California, Fellers 

and Pierson (2002, as cited in Woodruff and Ferguson 2005) documented individual Townsend’s 

bats using tree hollows created by fire or rot in very large redwood (Sequoia sempervirens) and 

California bay trees (Umbellularia californica). A nursery colony was found using the basal 

hollows of large redwood trees in northwestern California (Mazurek 2004, as cited in Woodruff 

and Ferguson 2005) and in Muir Woods National Monument near San Francisco (Heady and 

Frick 2001, as cited in Woodruff and Ferguson 2005). 

 

There is limited roosting habitat for Townsend’s big-eared bat in the Project area (i.e., no caves, 

buildings, or bridges); however the species has the potential to roost in cavities present in older 

madrone and oak trees south of the Project area. Foraging habitat for Townsend’s big-eared bat is 

present in the Project area.  

 

6.2.2.7 Pallid bat 

Pallid bat is a California species of special concern. This species occurs year-round in California.  

Pallid bats are associated with a variety of habitats from desert to coastal regions. At low- to mid-

elevations, they are particularly associated with oak habitat (oak savannah, black oak, and oak 

grasslands) (Pierson and Rainey 2002). In natural settings, day and night roosts are in rock 

crevices and cliffs, but can also be found in trees (underneath exfoliating bark of pine and oak and 

in hollows) and caves (Sherwin and Rambaldini 2005, Hermanson and O’Shea 1983, Pierson et 

al. 2001, Pierson and Rainey 1996). However, in more urban settings (e.g., Central Valley and 

western Sierran foothills), day and night roosts are frequently associated with human structures 

such as abandoned buildings, old mine workings, and bridges (Sherwin and Rambaldini 2005, 

Pierson and Rainey 1996, Pierson et al. 2001). Overwintering roosts require relatively cool and 

stable temperatures out of direct sunlight. Pallid bats primarily forage in open spaces away from 

water. They can feed on the ground, on vegetation, and in the air by using a ‘wing-cupping’ 

method that forces the prey to the ground (Sherwin and Rambaldini 2005). Their generalist diet 

consists primarily of large ground-dwelling or slow flying insects and arachnids (Zeiner et al. 

1990b), but can also include scorpions (pallid bats are immune to the sting), small rodents, and 

lizards.  

 

The Project area does not contain tunnels, caves, or mines for roosting; however, suitable roosting 

habitat for the species occurs within the forest south of the Project area. Suitable foraging habitat 

for pallid bat occurs throughout the Project area.  

 

6.2.2.8 Western pond turtle 

Western pond turtle is a California species of special concern. In California, this species is found 

from the Oregon border along the Pacific Coast Ranges to the Mexican border, and west of the 

crest of the Cascades and Sierras.  

 

Western pond turtles inhabit fresh or brackish water characterized by areas of deep water, low 

flow velocities, moderate amounts of riparian vegetation, warm water and/or ample basking sites, 

and underwater cover elements, such as large woody debris and rocks (Jennings and Hayes 1994). 

Along major rivers, western pond turtles are often concentrated in side channel and backwater 

areas. Turtles may move to off-channel habitats, such as oxbows, during periods of high flows 

(Holland 1994). Although adults are habitat generalists, hatchlings and juveniles require 
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specialized habitat for survival through their first few years. Hatchlings spend much of their time 

feeding in shallow water with dense submerged or short emergent vegetation (Jennings and 

Hayes 1994). Although an aquatic reptile, western pond turtles require upland habitats for 

basking, overwintering, and nesting, typically within 0.6 mi of aquatic habitats (Holland 1994). 

 

Western pond turtle eggs are typically laid in June and July, though they may be laid throughout 

the year (Holland 1994, Reese 1996). Egg-laying sites vary from sandy shoreline to forest soil 

types, though are generally located in grassy meadows, away from trees and shrubs (Holland 

1994), with canopy cover commonly less than about 10% (Reese 1996). Young hatch in late fall 

or overwinter in the nest and emerge in early spring.  

 

Western pond turtles are known to occupy the South Fork Eel River. However, Redwood Creek, 

adjacent to the Project area has a relatively closed canopy, which would limit the basking 

opportunities for turtles. In addition, water flow during the summer months is very low or 

intermittent, which is not the preferred habitat for turtles. However, suitable habitat occurs in 

ponds on adjacent properties and there is moderate potential for the species to occupy the Project 

area on at least a seasonal basis. 

 

7 POTENTIAL EFFECTS AND MINIMIZATION MEASURES 

7.1 Special-status Plants and Sensitive Natural Communities 

No special-status plant species were observed during the protocol-level botanical survey 

conducted in the Project area on 4 May 2019. In addition, there are no records of special-status 

plant occurrences within the Project area based on the 2019 CDFW CNDDB queries (Section 4.1) 

(CDFW 2019) and collection records in the Consortium of California Herbaria 

(ucjeps.berkeley.edu/consortium). As such, Project activities will have no impact on known 

special-status plant populations.  

 

One sensitive natural community, Acer macrophyllum Forest Alliance (S3), was observed within 

the Project area. This alliance comprised the riparian forest (also under CDFW preliminary 

jurisdictional throughout the Project area) adjacent to Redwood Creek and its tributaries in the 

Project. Some disturbance is anticipated within this natural community during the instream 

habitat enhancement and gully stabilization Project activities. Installation of the off-channel 

reservoir will not affect this sensitive natural community, as it will replace a portion of the 

annual/perennial grassland in the Project area. 

 

A portion of the annual/perennial grassland and Ceanothus incanus Shrubland Alliance 

vegetation cover types along the lower terrace will be impacted by the construction of the 5.7-

million-gallon pond. A review of this area indicated the only trees that will be removed are 

approximately ten Fraxinus latifolia (Oregon ash) saplings. Five saplings were observed with less 

than 2-inch diameter breast height (DBH) and five additional small trees had less than 6-inch 

DBH during the May 2021 site visit.  

 

The following minimization measures will be implemented to reduce potential impacts on 

sensitive natural communities during Project activities:  

• The Project footprint will be minimized to the extent possible.  

• Ground disturbance and vegetation clearing and/or trimming will be confined to the 

minimum amount necessary to facilitate Project implementation. 
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• Heavy equipment and vehicles will use existing access roads to the extent possible.  

• Construction materials will be stored in designated staging areas. 

• Measures to prevent the spread of invasive weeds and sudden oak death pathogens will be 

taken, including, where appropriate, inspecting equipment for soil, seeds, and vegetative 

matter, cleaning equipment, utilizing weed-free materials and native seed mixes for 

revegetation, and proper disposal of soil and vegetation. Prior to entering and leaving the 

work site, workers will remove all seeds, plant parts, leaves, and woody debris (e.g., 

branches, chips, bark) from clothing, vehicles, and equipment.  

 

7.2 Wetlands and Waters 

Construction activities associated with the proposed streamflow enhancement Project have the 

potential to affect preliminary waters of the U.S. and CDFW riparian zones as some of the work 

will take place within the active stream channel. The access road and other Project components 

will avoid all isolated wetlands within the Project area thus, the Project will not affect potential 

state-jurisdictional isolated wetlands. The following minimization measures are will be 

implemented to minimize any potential negative impacts on these waters and avoid impacting 

waters outside of the Project footprint:  

• The Project footprint will be minimized to the extent possible.  

• Isolated wetlands in the Project area will be flagged and avoided during all construction 

activities. 

• Heavy equipment and vehicles will use existing access roads to the extent possible.  

• Work will be conducted during the dry season to the extent possible. 

• Construction materials will be stored in designated staging areas. 

• The following erosion, sediment, material stockpile, and dust control best management 

practices will be employed on-site: 

o Locate temporary storage areas away from vehicular traffic 

o Locate stockpiles a minimum of 50 feet away from concentrated flows of storm 

water, drainage courses, and inlets 

o Protect all stockpiles from storm water run-on using a temporary perimeter 

sediment barrier such silt fences, compost socks, or sandbag barriers. 

o Keep stockpiles covered or protected with soil stabilization measures to avoid 

direct contact with precipitation and to minimize sediment discharge. 

o Implement wind erosion control practices as appropriate on all stockpiled 

material. 

• All construction equipment will be well maintained to prevent leaks of fuels, lubricants, or 

other fluids and extreme caution will be used when handling chemicals (fuel, hydraulic 

fluid, etc.). Service and refueling procedures will not be conducted where there is potential 

for fuel spills to seep or wash into wetlands or waters. Appropriate materials will be on-site 

to prevent and manage any spills. 

 



Marshall Ranch Streamflow Enhancement Project  
Biological Resources Technical Report 

 

 
July 2021 Stillwater Sciences 

34 

7.3 Special-status Fish and Wildlife 

 Fish 

Coho and Chinook salmon, steelhead, and Pacific lamprey are special-status fish species known 

to occur in Redwood Creek within to the Project area. Indirect Project-related impacts on these 

species could result from discharge of sediment from pond excavations, gully stabilization, and 

instream habitat enhancement. In addition, installation of the habitat enhancements could have 

direct impacts on special-status fish species that could be in the construction footprint.  However, 

long-term beneficial impacts would accrue coho salmon, steelhead, and lamprey from water 

entering Redwood Creek from pond inputs. Benefits for juvenile Chinook salmon would be 

limited since they typically migrate to the ocean prior to the planned water deliveries to the 

Redwood Creek associated with the Project. 

 

The following measures will be employed by the Project to avoid, minimize, or mitigate indirect 

sediment-related impacts on special-status fish species and their habitat.  

• The use of cofferdams will contain any turbid water produced during the Project within the 

work area, thereby avoiding impacts on downstream salmonids. Any turbid water within 

the confined work areas would be pumped to a receiving site outside the channel or to frak 

tanks. Any turbid water within the work area would be allowed to settle prior to removal of 

the cofferdams, thereby minimizing downstream effects on salmonids. 

• Discharge of sediment will be controlled and minimized with the implementation of best 

management practices (BMPs) on all disturbed soils that have the potential to discharge 

into area watercourses. Applicable BMPs include, but are not limited to, installation of silt 

fences, straw wattles, and placement of seed-free rice straw. BMPs will be installed at all 

access points to the work sites, which will minimize the potential for sediment delivery and 

deleterious effects on salmonids.  

• All gully stabilization work will be conducted when the individual sites are dry (i.e. no 

surface water). 

 

There is the potential for instream Project activities to directly impact salmonid species through 

contact with heavy equipment and entrainment into dewatering pumps. To minimize the potential 

for injury or mortality of fish, the following measures will be applied: 

• A 15 July–15 October instream work window will be established to allow time for young-

of-the-year salmonids to be very mobile and capable of avoiding injury. The work window 

will also allow downstream migration of smolts to be completed prior to any Project-

related channel disturbance taking place. In addition, the work window coincides with the 

summer low-flow season during which flow in the creek will be at its summer base flow. 

Finally, the 15 October date will insure all work is done prior to the rainy season and 

arrival of any upstream migrating adult salmonids. 

• Prior to the initiation of any instream work in areas with surface water, a qualified biologist 

will survey the site to determine fish presence. The biologist will herd or relocate any fish 

that may be in work sites to suitable habitat downstream. Block nets will be installed to 

prevent fish from reentering the work area. Any fish remaining in the work area will be 

captured by hand, dip net, or as a last resort, using a backpack electrofisher. Cofferdams 

will be constructed in the channel at sites where streamflow is present. Pumps will then be 

installed outside of the stream channel to divert water around the work area. 

• The Project will follow the Fish Screening Criteria for Salmonids (NMFS 1997), NOAA 

Restoration Center/Army Corps of Engineers programmatic biological opinion 

requirements.  
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There is also the potential for accidental release of hydrocarbons into Redwood Creek during 

construction operations. The following measures will be implemented to minimize the accidental 

release of hydrocarbons.  

• All fueling and servicing of heavy equipment will occur at least 100 ft from any 

watercourse. 

• Spill kits will be on-site in case of an accidental release of fuels, lube oil, or hydraulic 

fluids from equipment. 

 

There would be long-term beneficial effects resulting from the addition of wood to the stream 

channel. The increase in wood and construction of channel-spanning post-assisted check dams 

would result in localized reductions in high flow velocities, allowing for sorting and deposition of 

bed load materials. 

 

Critical habitat for listed salmonids species would also benefit in the short and long-term. The 

wood would help create debris jams, increase habitat complexity, stabilize floodplains, create off-

channel habitat, improve winter and summer habitat conditions, create scour pools, and increase 

cover for juvenile and adult salmonids. The input of water during the summer and late fall would 

increase summer and fall flow in Redwood Creek during the dry season. Stabilization of the 

gullies on the property would reduce sediment input into Redwood Creek and adverse effects on 

spawning and rearing habitat for fish. 

 

 Wildlife 

7.3.2.1 Foothill yellow-legged frog 

The reservoir construction activities will take place in open meadow areas not utilized by foothill 

yellow-legged frogs. However, foothill yellow-legged could be affected by proposed activities 

that would take place within Redwood Creek and at gully stabilization sites. Impacts on adult, 

juvenile, or larval frogs could occur through direct contact with heavy equipment or disturbed 

soil. Adverse impacts could occur from instream structure construction, dewatering of work 

areas, trampling of larvae during instream operations, contact with heavy equipment, and 

sediment discharge. The gully stabilization sites are not utilized by foothill yellow-legged frogs 

for breeding or larval rearing and impact on these life history stages would not occur at these 

locations.  

 

The Project would result in the development of additional instream habitat, which should benefit 

foothill yellow-legged frogs by maintaining and potentially expanding the amount of instream 

habitat available for breeding and larval development in Redwood Creek.  

 

The following species-specific conservation measures will be employed to avoid or minimize the 

potential for impacts on foothill yellow-legged frogs: 

• An egg mass survey will be conducted in May prior to the operations season to determine 

if breeding occurs within the Project reaches. 

• A visual observation survey of the Project areas will be conducted within two weeks prior 

to the start of operations to determine if adult and juvenile foothill yellow-legged frogs are 

present in the Project area. 

• If foothill yellow-legged frogs are present, then a qualified CDFW-approved biologist will 

be present immediately prior to the start of operations to remove any frogs and relocate 

them to suitable habitat. 
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• The Project manager or qualified designee will conduct daily morning inspections of the 

area slated for work to determine if foothill yellow-legged frogs entered the areas 

overnight. Any individuals will be captured and relocated by a CDFW-approved biologist 

prior to the start of the construction work for the day.  

 

The following additional general conservation measures will be employed to further avoid or 

minimize the potential impacts on foothill yellow-legged frogs: 

• All gully stabilization work will be conducted when the individual sites are dry (i.e. no 

surface water). 

• All fueling and servicing of heavy equipment will occur at least 100 ft from any 

watercourse. 

• Spill kits will be on-site in case of an accidental release of fuels, lube oil, or hydraulic 

fluids from equipment. 

 

 

7.3.2.2 Red-bellied newt 

Adult and juvenile red-bellied newts have the potential to be present in terrestrial portions of the 

Project area during the planned construction period and could be affected by heavy equipment 

that collapses burrows or moves woody debris. Larval newts have the potential to be present in 

aquatic portions of the Project area and could be affected by instream operations.  

 

The following conservation measures will be employed to avoid or minimize the potential for 

impacts on red-bellied newt: 

• Terrestrial woody debris will be left in place to the greatest extent practicable during 

operations within the riparian areas.  

• The Project manager or qualified designee will conduct daily morning inspections of the 

area slated for work to determine if adult newts are present on the ground surface. Any 

adult newts will be captured and relocated to suitable habitat outside of the Project area by 

a CDFW-approved biologist prior to the start of construction for the day.  

• Prior to the initiation of any instream work in areas with surface water, a qualified biologist 

will survey the site to determine larval newt presence. If larval red-bellied newts are 

present, then a CDFW-approved biologist will relocate them to suitable habitat outside the 

Project area prior to the start of construction for the day.  

 

The Project will result in additional dry season flows in Redwood Creek, which would benefit 

red-bellied newts by maintaining or improving instream habitat available for this species. 

 

7.3.2.3 Northern spotted owls 

The closest northern spotted owl activity center to the Project is approximately 1.7 mi away from 

the Project area and recent surveys (i.e., within the last four years) have documented presence, 

but not nesting within this activity center. Nesting habitat does not occur within the Project area 

or in the adjacent forest. The Project activities do not include removal of any trees that could 

provide habitat for owls. Therefore, there will not be any direct impacts on northern spotted owls 

or their habitat. However, there is the potential for construction-related noise to affect northern 

spotted owls that may be on adjacent properties or away from the Project area. 
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The potential for Project construction to indirectly impact nesting northern spotted owls was 

preliminary evaluated using USFWS (2006) guidelines. Owls can be affected by noise-related, 

visual, or physical disturbances, such as created by heavy equipment. USFWS (2006) identifies 

the distance that sound associated with different types of construction equipment is estimated to 

disturb northern spotted owls during the breeding season, relative to ambient noise levels. Most 

types of standard construction equipment (e.g., backhoes, bulldozers, construction vehicles, etc.) 

would require disturbance buffers of 330–1,320 ft from nesting spotted owl activity centers. No 

Project activities utilizing these types of equipment are expected to occur within 1,320 ft of a 

northern spotted owl nest. In addition, as stated above, recent surveys have not found nesting 

northern spotted owls with the closest known activity center (1.7 mi from the Project area). 

Therefore, northern spotted owls are unlikely to be indirectly affected by the Project. 

 

7.3.2.4 Long-eared owl 

Long-eared owls have not been observed within 17 mi of the Project area. However, this species 

nests in conifer and oak woodlands that are either open or are adjacent to grasslands, meadows, or 

shrublands. These habitats exist within the Project area, although no evidence of occupancy was 

observed during the field survey. Construction activities associated with the Project would not 

affect nesting or roosting habitat since no trees would be removed. However, potential foraging 

habitat could be affected due to the construction of the reservoirs. In addition, construction noise 

may affect nesting owls. 

 

The construction of the ponds will result in approximately 4 ac of grazed grassland area being 

permanently converted to open water and associated containment berm features. This conversion 

could affect the amount of foraging habitat available for long-eared owls. A preliminary estimate 

of available grasslands in the Briceland area conducted using satellite imagery showed 

approximately 470 ac of grassland (not including numerous small openings) within a one-mile 

radius of the Project area. The Project would convert approximately 1.0 % of this area to 

reservoir, a relatively minor impact in consideration of the amount of suitable foraging habitat in 

the vicinity and the lack of evidence indicating species presence in and around the Project area. 

 

The following conservation measure will be employed to avoid or minimize the potential for 

impacts on long-eared owls: 

• A pre-construction nesting bird survey will be conducted during the breeding season and 

within two weeks of the start of construction. Appropriate buffers will be established 

around all active nests within the Project area.  

 

7.3.2.5 Sonoma tree vole 

Suitable habitat for Sonoma tree voles is present in the timber stand adjacent to the Project area. 

The Project will not occur within the forest nor remove any trees; therefore, there will be no 

impact on this species.  

 

7.3.2.6 Pallid bat 

Suitable habitat for pallid bats is present in the timber stand adjacent to the Project area. The 

Project will not occur within the forest nor remove any trees or structures that could be occupied 

by this species; therefore, there will be no impact on pallid bat.  

 



Marshall Ranch Streamflow Enhancement Project  
Biological Resources Technical Report 

 

 
July 2021 Stillwater Sciences 

38 

7.3.2.7 Townsend’s big-eared bat 

Suitable habitat for Townsend’s big-eared bats is present in the timber stand adjacent to the 

Project area. The Project will not occur within the forest nor remove any trees or structures that 

could be occupied by this species; therefore, there will be no impact on Townsend’s big-eared 

bat.  

 

7.3.2.8 Western pond turtles 

Redwood Creek, within the Project area has a relatively closed canopy, which would limit the 

basking opportunities for turtles. In addition, water flow during the summer months is very low or 

intermittent, which is not the preferred habitat for turtles. In addition, no ponds are located in the 

Project area that could contain this species. However, there is the potential that turtles could be 

within the Project area at the start of construction.   

 

The following conservation measure will be employed to avoid or minimize impacts on western 

pond turtles: 

• Prior to the initiation of any instream work in areas with surface water, a qualified biologist 

will survey the site to determine turtle presence. The biologist will capture and relocate any 

turtle that may be in work sites to suitable habitat downstream. Block nets will be installed 

to prevent turtles from reentering the work area.  
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Table A-1. Comprehensive scoping list of special-status plants in the Project vicinity. 

Scientific name  

(common name) 
Lifeform 

Status  

(Federal, State, 

CRPR1) 

Habitat associations and blooming 

period2 
Source Likelihood of occurrence 

Antennaria suffrutescens 

(evergreen everlasting) 

perennial 

stoloniferous 

herb 

None/None/4.3 

Serpentine in lower montane coniferous 

forest; 1,640–5,250 ft. Blooming 

period: January–July 

CNPS 
None: Project area is outside of the 

known elevation range. 

Astragalus agnicidus 

(Humboldt County milk-

vetch) 

perennial herb None/CE/1B.1 

Openings, disturbed areas, and 

sometimes roadsides in broadleafed 

upland forest and north coast 

coniferous forest; 390–2,625 ft. 

Blooming period: April–September 

CNPS, 

CDFW 

Moderate: Broadleafed upland and 

north coast coniferous forest habitats 

present within Project area. Two 

occurrences within 5–10 mi of the 

Project area.  

Calamagrostis bolanderi 

(Bolander's reed grass) 

perennial 

rhizomatous herb 
None/None/4.2 

Mesic bogs and fens, broadleafed 

upland forest, closed-cone coniferous 

forest, coastal scrub, mesic meadows 

and seeps, freshwater marshes and 

swamps, and north coast coniferous 

forest; 0–1,495 ft. Blooming period: 

May–August 

CNPS 

Low: Broadleafed upland forest 

habitat present within Project area. 

No occurrences within 10 mi of the 

Project. 

Calamagrostis foliosa  

(leafy reed grass) 
perennial herb None/CR/4.2 

Rocky coastal bluff scrub and north 

coast coniferous forest; 0–4,005 ft. 

Blooming period: May–September 

CNPS, 

CDFW 

None: No suitable habitat present 

within the Project area. 

Castilleja litoralis  

(Oregon coast paintbrush) 

perennial herb 

(hemiparasitic) 
None/None/2B.2 

Sandy coastal bluff scrub, coastal 

dunes, and coastal scrub; 45–330 ft. 

Blooming period: June 

CNPS, 

CDFW 

None: Project area is outside of the 

known elevation range. 

Castilleja mendocinensis 

(Mendocino Coast paintbrush) 

perennial herb 

(hemiparasitic) 
None/None/1B.2 

Coastal bluff scrub, closed-cone 

coniferous forest, coastal dunes, coastal 

prairie, and coastal scrub; 0–525 ft. 

Blooming period: April–August 

CNPS, 

CDFW 

None: Project area is outside of the 

known elevation range. 

Ceanothus gloriosus var. 

exaltatus  

(glory brush) 

perennial 

evergreen shrub 
None/None/4.3 

Chaparral; 95–2,000 ft. Blooming 

period: March–June (August) 
CNPS 

Low: Chaparral habitat present 

within Project area. No occurrences 

within 10 mi of the Project. 

Clarkia amoena subsp. 

whitneyi 

(Whitney's farewell-to-spring) 

annual herb None/None/1B.1 

Coastal bluff scrub and coastal scrub; 

30–330 ft. Blooming period: June–

August 

CNPS, 

CDFW 

None: Project area is outside of the 

known elevation range. 
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Scientific name  

(common name) 
Lifeform 

Status  

(Federal, State, 

CRPR1) 

Habitat associations and blooming 

period2 
Source Likelihood of occurrence 

Coptis laciniata  

(Oregon goldthread) 

perennial 

rhizomatous herb 
None/None/4.2 

Mesic meadows and seeps and 

streambanks in north coast coniferous 

forest; 0–3,280 ft. Blooming period: 

(February) March–May (September–

November) 

CNPS, 

CDFW 

Moderate: North coast coniferous 

forest habitat present within Project 

area. Two occurrences within 5–10 

mi of the Project area.  

Epilobium septentrionale 

(Humboldt County fuchsia) 
perennial herb None/None/4.3 

Sandy or rocky areas in broadleafed 

upland forest and north coast 

coniferous forest; 145–5,905 ft. 

Blooming period: July–September 

CNPS 
None: No suitable habitat present 

within the Project area. 

Erigeron biolettii  

(streamside daisy) 
perennial herb None/None/3 

Rocky, mesic areas in broadleafed 

upland forest, cismontane woodland, 

and north coast coniferous forest; 95–

3,610 ft. Blooming period: June–

October 

CNPS 
None: No suitable habitat present 

within the Project area. 

Erythronium oregonum  

(giant fawn lily) 
perennial herb None/None/2B.2 

Sometimes serpentinite, rocky, 

openings in cismontane woodland and 

meadows and seeps; 325–3,775 ft. 

Blooming period: March–June (July) 

CNPS, 

CDFW 

Moderate: Cismontane woodland 

habitat present within Project area. 

No ultramafic soils mapped or 

observed in Project area. One 

occurrence is within 5–10 mi of the 

Project area.  

Erythronium revolutum  

(coast fawn lily) 

perennial 

bulbiferous herb 
None/None/2B.2 

Mesic, streambanks, bogs and fens, 

broadleafed upland forest, and north 

coast coniferous forest; 0–5,250 ft. 

Blooming period: March–July (August) 

CNPS, 

CDFW 

Moderate: Broadleafed upland and 

north coast coniferous forest habitats 

present within Project area. Two 

occurrences within 5–10 mi of the 

Project area.  

Gilia capitata subsp. pacifica 

(Pacific gilia) 
annual herb None/None/1B.2 

Coastal bluff scrub, openings in 

chaparral, coastal prairie, and valley 

and foothill grassland; 15–5,465 ft. 

Blooming period: April–August 

CNPS, 

CDFW 

Moderate: Chaparral and valley and 

foothill grassland habitats present 

within Project area. Multiple 

occurrences within 5–10 mi of the 

Project area.  

Kopsiopsis hookeri  

(small groundcone) 

perennial 

rhizomatous herb 

(parasitic) 

None/None/2B.3 

North coast coniferous forest; 295–

2,905 ft. Blooming period: April–

August 

CNPS, 

CDFW 

Low: North coast coniferous forest 

habitat present within Project area. 

No occurrences within 10 mi of the 

Project. 
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Scientific name  

(common name) 
Lifeform 

Status  

(Federal, State, 

CRPR1) 

Habitat associations and blooming 

period2 
Source Likelihood of occurrence 

Lasthenia burkei  

(Burke's goldfields) 
annual herb FE/CE/1B.1 

Mesic meadows and seeps and vernal 

pools; 45–1,970 ft. Blooming period: 

April–June 

USFWS 
None: No suitable habitat present 

within the Project area. 

Lasthenia californica subsp. 

macrantha  

(perennial goldfields) 

perennial herb None/None/1B.2 

Coastal bluff scrub, coastal dunes, and 

coastal scrub; 15–1,705 ft. Blooming 

period: January–November 

CNPS, 

CDFW 

None: No suitable habitat present 

within the Project area. 

Lasthenia conjugens  

(Contra Costa goldfields) 
annual herb FE/None/1B.1 

Mesic cismontane woodland, alkaline 

playas, valley and foothill grassland, 

and vernal pools; 0–1,540 ft. Blooming 

period: March–June 

USFWS 

Low: Cismontane woodland habitat 

present within Project area. No 

occurrences within 10 mi of the 

Project. 

Lathyrus palustris  

(marsh pea) 
perennial herb None/None/2B.2 

Mesic bogs and fens, coastal prairie, 

coastal scrub, lower montane 

coniferous forest, marshes and swamps, 

and north coast coniferous forest; 0–

330 ft. Blooming period: March–

August 

CNPS, 

CDFW 

None: Project area is outside of the 

known elevation range. 

Lilium rubescens  

(redwood lily) 

perennial 

bulbiferous herb 
None/None/4.2 

Sometimes serpentinite, sometimes 

roadsides, broadleafed upland forest, 

chaparral, lower montane coniferous 

forest, north coast coniferous forest, 

and upper montane coniferous forest; 

95–6,265 ft. Blooming period: April–

August (September) 

CNPS 

Low: Broadleafed upland forest, 

lower montane coniferous forest, 

chaparral, and north coast coniferous 

forest habitats present within Project 

area. No ultramafic soils mapped or 

observed in Project area. No 

occurrences within 10 mi of the 

Project. 

Listera cordata  

(heart-leaved twayblade) 
perennial herb None/None/4.2 

Bogs and fens, lower montane 

coniferous forest, and north coast 

coniferous forest; 15–4,495 ft. 

Blooming period: February–July 

CNPS 

Low: North coast coniferous and 

lower montane coniferous forest 

habitats present within Project area. 

No occurrences within 10 mi of the 

Project.  

Micranthes marshallii 

(Marshall's saxifrage) 

perennial 

rhizomatous herb 
None/None/4.3 

Rocky streambanks and riparian forest; 

295–6,990 ft. Blooming period: 

March–August 

CNPS 

Low: Riparian forest habitat present 

within Project area. No occurrences 

within 10 mi of the Project.  
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Scientific name  

(common name) 
Lifeform 

Status  

(Federal, State, 

CRPR1) 

Habitat associations and blooming 

period2 
Source Likelihood of occurrence 

Mitellastra caulescens  

(leafy-stemmed mitrewort) 

perennial 

rhizomatous herb 
None/None/4.2 

Mesic, sometimes roadsides 

broadleafed upland forest, lower 

montane coniferous forest, meadows 

and seeps, and north coast coniferous 

forest; 15–5,575 ft. Blooming period: 

(March) April–October 

CNPS, 

CDFW 

Low: Broadleafed upland, lower 

montane coniferous, and north coast 

coniferous forest habitats present 

within Project area. No occurrences 

within 10 mi of the Project. 

Montia howellii  

(Howell's montia) 
annual herb None/None/2B.2 

Vernally mesic, sometimes roadsides in 

meadows and seeps, north coast 

coniferous forest, and vernal pools; 0–

2,740 ft. Blooming period: (February) 

March–May 

CNPS, 

CDFW 

Moderate: North coast coniferous 

forest habitat present within Project 

area. Two occurrences within 5–10 

mi of the Project area.  

Piperia candida  

(white-flowered rein orchid) 
perennial herb None/None/1B.2 

Sometimes serpentinite in broadleafed 

upland forest, lower montane 

coniferous forest, and north coast 

coniferous forest; 95–4,300 ft. 

Blooming period: (March) May–

September 

CNPS, 

CDFW 

Moderate: Broadleafed upland, 

lower montane coniferous, and north 

coast coniferous forest habitats 

present within Project area. No 

ultramafic soils mapped or observed 

in Project area. Multiple occurrences 

within 1 mi of the Project area.  

Pityopus californicus 

(California pinefoot) 

perennial herb 

(achlorophyllous) 
None/None/4.2 

Mesic broadleafed upland forest, lower 

montane coniferous forest, north coast 

coniferous forest, and upper montane 

coniferous forest; 45–7,300 ft. 

Blooming period: (March–April) May–

August 

CNPS 

Low: Broadleafed upland, lower 

montane coniferous, and north coast 

coniferous forest habitats present 

within Project area. No occurrences 

within 10 mi of the Project. 

Sidalcea malachroides 

(maple-leaved checkerbloom) 
perennial herb None/None/4.2 

Often in disturbed areas in broadleafed 

upland forest, coastal prairie, coastal 

scrub, north coast coniferous forest, and 

riparian woodland; 0–2,395 ft. 

Blooming period: (March) April–

August 

CNPS, 

CDFW 

Low: Broadleafed upland forest, 

riparian woodland, and north coast 

coniferous forest habitats present 

within Project area. No occurrences 

within 10 mi of the Project. 
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Scientific name  

(common name) 
Lifeform 

Status  

(Federal, State, 

CRPR1) 

Habitat associations and blooming 

period2 
Source Likelihood of occurrence 

Trifolium amoenum (two-fork 

clover) 
annual herb FE/None/1B.1 

Coastal bluff scrub and sometimes 

serpentinite in valley and foothill 

grassland; 15–1,360 ft. Blooming 

period: April–June 

USFWS 

Low: Valley and foothill grassland 

habitat present within Project area. 

No ultramafic soils mapped or 

observed in Project area. No 

occurrences within 10 mi of the 

Project. 

Usnea longissima 

(Methuselah's beard lichen) 

fruticose lichen 

(epiphytic) 
None/None/4.2 

On tree branches, usually on old growth 

hardwoods and conifers in broadleafed 

upland forest and north coast 

coniferous forest; 160–4,790 ft. 

Blooming period: N/A (lichen) 

CNPS, 

CDFW 

Moderate: Broadleafed upland and 

north coast coniferous forest habitats 

present within Project area. Multiple 

occurrences within 5–10 mi of the 

Project area.  

1 Status: 

Federal: 

FE    Federally endangered 

 

State: 

CE California endangered 

CR California rare 

California Rare Plant Rank (CRPR): 

1B  Plants rare, threatened, or endangered in California and elsewhere 

2B Plants rare, threatened, or endangered in California, but more common elsewhere 

4  Plants of limited distribution, on watchlist 

CRPR Threat Ranks: 

0.1 Seriously threatened in California (over 80% of occurrences threatened / high degree and immediacy of threat) 

0.2  Moderately threatened in California (20–80% occurrences threatened / moderate degree and immediacy of threat) 

0.3 Not very threatened in California (less than 20% of occurrences threatened / low degree and immediacy of threat or no current threats known) 
2 Months in parentheses are uncommon; N/A = Not applicable  

 

  



Marshall Ranch Streamflow Enhancement Project  
Biological Resources Technical Report 

 

 
July 2021  Stillwater Sciences 

A-6 

Table A-2. Comprehensive scoping list of special-status fish and wildlife in the Project vicinity. 

Scientific name 

(common name) 

Status1 

(Federal/ 

State) 

Distribution and habitat associations Location of suitable habitat 
Likelihood of occurrence in 

the Project area 

Fish 

Oncorhynchus kisutch  

(coho salmon - southern 

Oregon / northern 

California ESU) 

FT, CH/ST 

Oregon border to Punta Gorda, 

California. Spawn in coastal streams and 

large mainstem rivers in riffles and pool 

tails-outs and rear in pools >3 ft deep 

with overhead cover with high levels 

oxygen and temperatures of 50–59°F. 

Suitable habitat occurs in the South 

Fork Eel River and associated 

tributaries. 

High: Present in the Project 

area. 

Oncorhynchus kisutch  

(coho salmon -Central 

California Coast ESU) 

FE, CH/SE 

Punta Gorda, California south to Aptos 

Creek in Santa Cruz County. Spawn in 

coastal streams and large mainstem rivers 

in riffles and pool tails-outs and rear in 

pools >3 ft deep with overhead cover 

with high levels oxygen and temperatures 

of 50–59°F. 

Suitable habitat is present in the South 

Fork Eel River but is unlikely to be 

occupied since the species range ends 

at Punta Gorda. 

None: Outside of species 

range. 

Oncorhynchus mykiss 

(steelhead trout – 

Northern California 

DPS) 

FT, 

CH/None 

Inhabits small coastal streams to large 

mainstem rivers with gravel-bottomed, 

fast-flowing habitat for spawning. 

However, habitat criteria for different life 

stages (spawning, fry rearing, juvenile 

rearing) are can vary significantly. 

Suitable habitat occurs in the South 

Fork Eel River and associated 

tributaries. 

High: Present in the Project 

area. 

Oncorhynchus 

tshawytscha 

(Chinook salmon – 

California Coastal ESU) 

FT, 

CH/None 

Wild coastal, spring, and fall-run Chinook 

found in streams and rivers between 

Redwood Creek, Humboldt County to the 

north and the Russian River, Sonoma 

County to the south. 

Suitable habitat occurs in the South 

Fork Eel River and associated 

tributaries. 

High: Present in the Project 

area. 
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Scientific name 

(common name) 

Status1 

(Federal/ 

State) 

Distribution and habitat associations Location of suitable habitat 
Likelihood of occurrence in 

the Project area 

Entosphenus tridentatus 

(Pacific lamprey) 
None/SSC 

Similar to anadromous salmonids, 

inhabits coastal streams and rivers with 

gravel-bottomed, fast-flowing habitat for 

spawning. Ammocoetes rear in backwater 

areas with sand, silt, and organic material 

for 4 to 10 years before migrating to the 

ocean. 

Suitable habitat is present and 

spawning/rearing occurs in the South 

Fork Eel River. Spawning and rearing 

habitat is likely to occur in Redwood 

Creek. 

High: Suitable habitat 

present. 

Eucyclogobius 

newberryi (Tidewater 

goby) 

FE/SSC 

Tillas Slough (mouth of the Smith River, 

Del Norte County) to Agua Hedionda 

Lagoon (northern San Diego County) 

Coastal lagoons and the uppermost 

zone of brackish large estuaries; prefer 

sandy substrate for spawning, but can 

be found on silt and rocky mud 

substrates; can occur in water up to 4 

m (15 ft) in lagoons and within a wide 

range of salinity (0–42 parts per 

thousand) 

None: Habitat not suitable 

Amphibians 

Ascaphus truei (Pacific 

tailed frog) 
None/SSC 

Associated with high-gradient, perennial 

and montane streams in hardwood 

conifer, redwood, Douglas-fir, and 

ponderosa pine habitats. Tadpoles require 

water temperatures below 59ºF. 

Suitable habitat may occur in high 

gradient watercourses adjacent to the 

Project area, but not within the Project 

area. 

Low: No habitat present. 

Rana boylii (foothill 

yellow-legged frog) 

None/ SSC, 

SCT 

Associated with partially shaded, shallow 

streams, and riffles with rocky substrate. 

Some cobble-sized substrate required for 

egg laying. 

Suitable habitat occurs in the South 

Fork Eel River and associated 

tributaries. 

High: Likely to be present in 

Redwood Creek and 

tributaries adjacent to the 

Project area. 

Rhyacotriton variegatus 

(southern torrent 

salamander) 

None/SSC 

Coastal redwood, Douglas-fir, mixed 

conifer, montane riparian and montane 

hardwood-conifer habitats. Seeps and 

small streams in coastal redwood, 

Douglas-fir, mixed conifer, montane 

riparian, and montane hardwood-conifer 

habitats. Seeps and springs need to be 

relatively unembedded with fine 

sediment. 

Suitable habitat occurs in high-

gradient gravelly seeps and springs 

within redwood and montane riparian 

habitat types adjacent to, but not 

within the Project area. 

Low: High-gradient seeps 

are not present in the Project 

area. 
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Scientific name 

(common name) 

Status1 

(Federal/ 

State) 

Distribution and habitat associations Location of suitable habitat 
Likelihood of occurrence in 

the Project area 

Taricha rivularis (red-

bellied newt) 
None/SSC 

Ranges from southern Humboldt to 

Sonoma counties. Found in streams 

during breeding season. Moist habitats 

under woody debris, rocks, and animal 

burrows. 

Suitable habitat is present and 

sightings have occurred in the Mattole 

River, approximately 5 mi west of the 

Project area. 

High: Habitat present in the 

Project area. 

Birds 

Brachyramphus 

marmoratus (marbled 

murrelet) 

FT,CH/SE 

Associated with mature conifers (i.e., 

redwood and Douglas-fir) for nesting. 

During the breeding season, may be 

present 6–8 mi inland. 

No suitable habitat within or adjacent 

to the Project area.  
None: No suitable habitat 

Strix occidentalis 

caurina (Northern 

spotted owl) 

FE/ST 

Typically found in large, contiguous 

stands of mature and old-growth 

coniferous forest with dense multi-

layered structure. 

Suitable foraging habitat is present 

within the Project area. Habitat within 

the Project area is unsuitable for 

nesting. The closest activity center is 

over 1.7 mi to the south-southeast of 

the Project area. 

Moderate: Suitable foraging  

habitat exists in the Project 

area. 

Asio otus  

(Long-eared owl) 

 

None/SSC 

Distributed throughout North America. 

Recorded in north coast from Bald Hills, 

Humboldt County to Willits, Mendocino 

County. In Humboldt County, the owls 

apparently nest in mixed stands of 

conifers and oaks with edges and 

openings such as meadows or prairies. 

Suitable nesting and foraging habitat 

present in the Project area. 

High: Habitat present in the 

Project area. 
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Scientific name 

(common name) 

Status1 

(Federal/ 

State) 

Distribution and habitat associations Location of suitable habitat 
Likelihood of occurrence in 

the Project area 

Haliaeetus 

leucocephalus  

(Bald eagle) 

None/SE 

Distributed throughout North America. 

Found at lakes, reservoirs, rivers, and 

some rangelands and coastal wetlands. 

Build large stick nests in the upper 

canopy of the largest trees in the area. 

Suitable foraging habitat is present in 

the South Fork Eel River. Redwood 

Creek is unsuitable for foraging.  

Low. No habitat present. 

Empidonax traillii 

brewsteri  

(Little willow flycatcher) 

None/SE 

Typically breeds in wet meadows and 

montane riparian habitats (with a 

significant shrub component within or 

near a taller overstory) from 2,000-8,000 

ft in elevation from Tulare County north, 

along the western side of the Sierra 

Nevada and Cascades. Common spring 

(mid-May to early June) and particularly 

fall (mid-August to early September) 

migrant in riparian habitats at lower 

elevations, including the north coast of 

California. 

The nearest recorded sighting of this 

species was along the South Fork Eel 

River near Miranda in June 2000. 

Multi-storied riparian forest or 

woodland (e.g., alder, cottonwood, 

willow) habitat is not present in the 

Project area.  

Low: Suitable habitat not 

present.   

Charadrius alexandrinus 

nivosus (Western snowy 

plover) 

FT/None 

Nests on barren to sparsely vegetated 

dune-backed beaches, barrier beaches, 

and salt-evaporation ponds, infrequently 

on bluff-backed beaches. 

No ocean beaches or open large gravel 

bars are located within or adjacent to 

the Project area 

None: No suitable habitat 

Phoebastria (Diomedea) 

albatrus (Short-tailed 

Albatross) 

FE/None Pacific Ocean (nests in Japan) Feeds in north Pacific Ocean. None: Habitat not suitable 
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Scientific name 

(common name) 

Status1 

(Federal/ 

State) 

Distribution and habitat associations Location of suitable habitat 
Likelihood of occurrence in 

the Project area 

Coccyzus americanus 

(Yellow-billed Cuckoo) 
FT/SE 

Breeds in limited portions of the 

Sacramento River and the South Fork 

Kern River; small populations may nest 

in Butte, Yuba, Sutter, San Bernardino, 

Riverside, Inyo, Los Angeles, and 

Imperial counties 

Summer resident of valley foothill and 

desert riparian habitats; nests in open 

woodland with clearings and low, 

dense, scrubby vegetation. The nearest 

recorded sighting of this species was 

in the Eel River delta area.  

None: Habitat not suitable 

Reptiles 

Emys marmorata 

(Western pond turtle) 
None/SSC 

Ponds, marshes, rivers, streams, and 

irrigation ditches with abundant 

vegetation, and either rocky or muddy 

bottoms, in woodland forest and 

grasslands. Below 6,000 ft elevation. 

Basking sites are required. Egg-laying 

sites are located on suitable upland 

habitats (grassy open fields) up to 1,640 ft 

from water. 

Suitable habitat occurs in the South 

Fork Eel River. Ponds that may 

contain western pond turtles are 

located on neighboring properties. 

Moderate. May occur in 

neighboring ponds. 

Mammals 

Arborimus pomo 

(Sonoma tree vole) 
None/SSC 

Associated nearly exclusively with 

Douglas-fir trees and occasionally grand 

fir trees within the north coast fog belt 

between the northern Oregon border and 

Sonoma County. Eats Douglas-fir needles 

exclusively. 

Small patches of Douglas-fir are 

present within the Project area.  

High: Recorded occupying 

timber stands adjacent to the 

Project area 

Pekania pennanti 

(Pacific fisher – West 

Coast DPS/Northern 

California ESU) 

FC/SSC 

Associated with dense advanced-

successional conifer forests, with 

complex forest structure and high percent 

canopy closure; den in hollow trees and 

snags. 

Habitat in most of the Project area 

does not correspond to the dense 

advanced-successional forest this 

species prefers. Nearest recorded 

sighting is approximately 10 mi to the 

southeast near Cooks Valley. 

Low. Suitable habitat not 

present. 

Corynorhinus townsendii 

(Townsend’s big-eared 

bat) 

None/SSC, 

CT 

Found throughout California in all but 

subalpine and alpine habitats. Roosts in 

cavernous habitats, usually in tunnels, 

Suitable foraging habitat throughout 

most of the Project area; however, 

barns, old buildings, and bridges for 

Moderate: May be 

present in some of the 

barns and older structures 



Marshall Ranch Streamflow Enhancement Project  
Biological Resources Technical Report 

 

 
July 2021  Stillwater Sciences 

A-11 

Scientific name 

(common name) 

Status1 

(Federal/ 

State) 

Distribution and habitat associations Location of suitable habitat 
Likelihood of occurrence in 

the Project area 

caves, buildings, mines, and basal 

hollows of trees, but also rock shelters, 

preferentially close to water. Caves near 

water’s edge are favored. Forages in 

riparian zone and follows creeks and river 

drainages on foraging bouts. Feeds 

primarily on moths. Drinks at stream 

pools. 

roosting are not present within the 

Project area. 

adjacent to the Project 

area. 

Antrozous pallidus 

(Pallid bat) 
None/SSC 

Found throughout California. Roosts in 

rock crevices, outcrops, cliffs, mines, and 

caves; trees (underneath exfoliating bark 

of pine and oak) and in basal hollows; 

and a variety of vacant and occupied 

structures (e.g., bridges) or buildings. 

Roost individually or in small to large 

colonies (hundreds of individuals). 

 

Feeds low to or on the ground in a variety 

of open habitats, primarily on ground-

dwelling arthropods. Forages most 

frequently in riparian zone, in open oak 

savannah, and open mixed deciduous 

forest. Drinks at stream pools. 

Suitable foraging habitat throughout 

most of the Survey Area, however 

barns, old building, and bridges are 

not present within the Survey Area. 

Moderate: May be 

present in some of the 

older structures adjacent 

to the Survey Area 

1 Status: 

Federal 

FE Federal endangered 

FT Federal threatened 

FCT Federal candidate threatened 

CH Critical habitat designated within the Project vicinity 

State   

SE Endangered 

ST Threatened 

SCT State candidate threatened 

SSC  CDFW species of special concern 
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Table B-1. Plant species observed during the May 3, 2019 botanical survey. 

Scientific name 

(common name) 
Family 

Native 

status 

Cal-IPC 

rating 

WMVC wetland 

indicator status1 

Acer macrophyllum 

(big-leaf maple) 
Sapindaceae native None FACU 

Acmispon americanus var. 

americanus 

(American bird's-foot-trefoil) 

Fabaceae native None FACU 

Aira caryophyllea 

(silver hair grass) 
Poaceae naturalized None FACU 

Anthoxanthum odoratum 

(sweet vernal grass) 
Poaceae naturalized Limited FACU 

Arbutus menziesii 

(Pacific madrone) 
Ericaceae native None Not Listed—UPL 

Arctostaphylos glandulosa subsp. 

glandulosa 

(glandular manzanita) 

Ericaceae native None Not Listed—UPL 

Avena barbata 

(slender wild oat) 
Poaceae naturalized Moderate Not Listed—UPL 

Baccharis pilularis 

(coyote brush) 
Asteraceae native None Not Listed—UPL 

Bellis perennis 

(English daisy) 
Asteraceae naturalized None Not Listed—UPL 

Briza maxima 

(rattlesnake grass) 
Poaceae naturalized Limited Not Listed—UPL 

Bromus carinatus 

(California brome) 
Poaceae native None Not Listed—UPL 

Bromus diandrus 

(ripgut grass) 
Poaceae naturalized Moderate Not Listed—UPL 

Bromus hordeaceus 

(soft chess) 
Poaceae naturalized Limited FACU 

Callitriche heterophylla 

(variable-leaved water starwort) 
Plantaginaceae native None OBL 

Calocedrus decurrens 

(California incense-cedar) 
Cupressaceae native None Not Listed—UPL 

Carduus pycnocephalus subsp. 

pycnocephalus 

(Italian thistle) 

Asteraceae naturalized Moderate Not Listed—UPL 

Carex praegracilis 

(freeway sedge) 
Cyperaceae native None FACW 

Ceanothus incanus 

(coast whitethorn) 
Rhamnaceae native None Not Listed—UPL 
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Scientific name 

(common name) 
Family 

Native 

status 

Cal-IPC 

rating 

WMVC wetland 

indicator status1 

Cerastium glomeratum 

(sticky mouse-ear chickweed) 
Caryophyllaceae naturalized None FACU 

Cirsium vulgare 

(bull thistle) 
Asteraceae naturalized Moderate FACU 

Clinopodium douglasii 

(yerba buena) 
Lamiaceae native None FACU 

Clintonia andrewsiana 

(Andrews's clintonia) 
Liliaceae native None Not Listed—UPL 

Corylus cornuta subsp. californica 

(California hazel) 
Betulaceae native None FACU 

Cynosurus echinatus 

(bristly dogtail grass) 
Poaceae naturalized Moderate Not Listed—UPL 

Cytisus scoparius 

(Scotch broom) 
Fabaceae naturalized High Not Listed—UPL 

Dactylis glomerata 

(orchard grass) 
Poaceae naturalized Limited FACU 

Danthonia californica 

(California oat grass) 
Poaceae native None FAC 

Daucus carota 

(Queen Anne's lace) 
Apiaceae naturalized None FACU 

Elymus glaucus subsp. glaucus 

(glaucous wild rye) 
Poaceae native None FACU 

Epilobium ciliatum 

(ciliate willowherb) 
Onagraceae native None FACW 

Erodium botrys 

(long-beaked filaree) 
Geraniaceae naturalized None FACU 

Eschscholzia californica 

(California poppy) 
Papaveraceae native None Not Listed—UPL 

Festuca bromoides 

(brome fescue) 
Poaceae naturalized None FAC 

Fragaria vesca 

(wood strawberry) 
Rosaceae native None FACU 

Fraxinus latifolia 

(Oregon ash) 
Oleaceae native None FACW 

Galium aparine 

(goose grass) 
Rubiaceae native None FACU 

Geranium dissectum 

(dissected geranium) 
Geraniaceae naturalized Limited Not Listed—UPL 

Glyceria ×occidentalis 

(western manna grass) 
Poaceae naturalized None Not Listed—UPL 
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Scientific name 

(common name) 
Family 

Native 

status 

Cal-IPC 

rating 

WMVC wetland 

indicator status1 

Hypericum perforatum subsp. 

perforatum 

(klamathweed) 

Hypericaceae naturalized Limited Not Listed—UPL 

Hypochaeris radicata 

(rough cat's-ear) 
Asteraceae naturalized Moderate FACU 

Iris purdyi 

(Purdy's iris) 
Iridaceae native None Not Listed—UPL 

Juncus bufonius var. bufonius 

(common toad rush) 
Juncaceae native None Not Listed—UPL 

Juncus patens 

(spreading rush) 
Juncaceae native None FACW 

Leontodon saxatilis 

(hairy hawkbit) 
Asteraceae naturalized None FACU 

Leptosiphon bicolor 

(bicolored leptosiphon) 
Polemoniaceae native None FACU 

Linum bienne 

(pale flax) 
Linaceae naturalized None Not Listed—UPL 

Lonicera hispidula 

(hispid honeysuckle) 
Caprifoliaceae native None FACU 

Lupinus bicolor 

(miniature lupine) 
Fabaceae native None Not Listed—UPL 

Luzula comosa var. comosa 

(Pacific wood-rush) 
Juncaceae native None Not Listed—UPL 

Lysimachia arvensis 

(scarlet pimpernel) 
Myrsinaceae naturalized None Not Listed—UPL 

Lythrum hyssopifolia 

(hyssop-leaved lythrum) 
Lythraceae naturalized Moderate Not Listed—UPL 

Mentha pulegium 

(pennyroyal) 
Lamiaceae naturalized Moderate OBL 

Myosotis discolor 

(changing forget-me-not) 
Boraginaceae naturalized None FAC 

Oxalis oregana 

(redwood sorrel) 
Oxalidaceae native None FACU 

Plantago lanceolata 

(English plantain) 
Plantaginaceae naturalized Limited FACU 

Plectritis congesta subsp. congesta 

(sea blush) 
Valerianaceae native None FACU 

Poa pratensis subsp. pratensis 

(Kentucky blue grass) 
Poaceae naturalized Limited FAC 
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Scientific name 

(common name) 
Family 

Native 

status 

Cal-IPC 

rating 

WMVC wetland 

indicator status1 

Polystichum munitum 

(western sword fern) 
Dryopteridaceae native None FACU 

Prunella vulgaris 

(common selfheal) 
Lamiaceae native None FACU 

Prunus sp. 

(domestic prunus) 
Rosaceae  None Not Listed—UPL 

Pseudotsuga menziesii var. menziesii 

(Douglas-fir) 
Pinaceae native None FACU 

Pteridium aquilinum var. pubescens 

(western bracken fern) 
Dennstaedtiaceae native None FACU 

Quercus garryana 

(Oregon oak) 
Fagaceae native None FACU 

Quercus kelloggii 

(California black oak) 
Fagaceae native None Not Listed—UPL 

Quercus wislizeni 

(interior live oak) 
Fagaceae native None Not Listed—UPL 

Ranunculus parviflorus 

(few-flowered buttercup) 
Ranunculaceae naturalized None FACU 

Rosa nutkana subsp. nutkana 

(Nootka rose) 
Rosaceae native None FAC 

Rosa rubiginosa 

(sweet-brier) 
Rosaceae naturalized None UPL 

Rubus armeniacus 

(Himalayan blackberry) 
Rosaceae naturalized High FAC 

Rubus laciniatus 

(cutleaf blackberry) 
Rosaceae naturalized None FACU 

Rubus parviflorus 

(thimbleberry) 
Rosaceae native None FACU 

Rumex acetosella 

(sheep sorrel) 
Polygonaceae naturalized Moderate FACU 

Rumex crispus 

(curly dock) 
Polygonaceae naturalized Limited FAC 

Salix sitchensis 

(Sitka willow) 
Salicaceae native None FACW 

Sanicula crassicaulis 

(Pacific sanicula) 
Apiaceae native None Not Listed—UPL 

Scirpus microcarpus 

(small-fruited bulrush) 
Cyperaceae native None OBL 
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Scientific name 

(common name) 
Family 

Native 

status 

Cal-IPC 

rating 

WMVC wetland 

indicator status1 

Scoliopus bigelovii 

(California fetid adder's-tongue) 
Liliaceae native None Not Listed—UPL 

Stachys sp. 

(hedge-nettle) 
Lamiaceae  None Not Listed—UPL 

Toxicodendron diversilobum 

(western poison oak) 
Anacardiaceae native None FAC 

Trifolium dubium 

(little hop clover) 
Fabaceae naturalized None FACU 

Trifolium subterraneum 

(subterranean clover) 
Fabaceae naturalized None Not Listed—UPL 

Umbellularia californica 

(California bay-laurel) 
Lauraceae native None FAC 

Vaccinium ovatum 

(California huckleberry) 
Ericaceae native None FACU 

Veronica sp. 

(speedwell) 
Plantaginaceae  None Not Listed—UPL 

Vicia americana subsp. americana 

(American vetch) 
Fabaceae native None FAC 

Vicia hassei 

(slender vetch) 
Fabaceae native None Not Listed—UPL 

Viola ocellata 

(western heart's ease) 
Violaceae native None Not Listed—UPL 

Whipplea modesta 

(modest whipplea) 
Hydrangeaceae native None Not Listed—UPL 

1  Wetland indicator status (Lichvar et al. 2012 and 2016): 

OBL (Obligate Wetland Plants)—Almost always occur in wetlands. 

FACW (Facultative Wetland Plants)—Usually occur in wetlands, but may occur in non-wetlands.  

FAC (Facultative Wetland Plants)—Occur in wetlands and non-wetlands. 

FACU (Facultative Upland Plants)—Usually occur in non-wetlands, but may occur in wetlands.  

UPL (Upland Plants)—Almost never occur in wetlands 

Not Listed – UPL (Upland Plants)—Plant species not listed in the 2016 National Wetland Plant List were considered 

upland (UPL) species. 
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Wood Stability Analyses 
 
  



1.5 2
NUMBER OF BOULDERS WITH 
AVERAGE TONS OF BELOW

Feature 
number

Station
Feature 

component 
number

Total pieces 
of wood (#)

Log 
length (ft)

Log 
width 
(ft)

Tree with 
rootwad

Rootwad 
length (ft)

Rootwad 
width (ft)

Tree volume 
(ft3)

Rootwad 
volume (ft3)

Total volume 
(ft3)

% submerged
Force 

gravity (lbs)
Force boyancy 

(lbs)

Ballast from 
live tree 

anchor (lbs)

Log flow acting 
area (ft2)

Rootwad flow 
acting area (ft2)

Channel velocity for 
force of lift 
calculation

Force of lift 
from flow (lbs)

Force of flow 
(lbs)

Weight of boulder 
required to counteract 
buoyancy & lift (tons)  

FSB=1.5

Normal force  
(without live tree 

ballast) (lbs)

Resistance force 
from live tree 
ballast (lbs)

Factor of safety for 
momentum (FSM=2 

min)

Governing factor 
of safety

Final weight of boulder 
required for FSB=1.5 min 

& FSM=2 min (tons)

Final rock weight 
(tons)

3.5

LWD.1 1+20 A 35 2.5 No 0 0 172 0 172 100% 5787 10715 0 88 0 5 749 636 7795 0
LWD.1 1+20 B 35 2.5 No 0 0 172 0 172 100% 5787 10715 0 88 0 5 749 636 7795 0
LWD.1 1+20 C 35 2.5 Yes 5 4 172 42 214 100% 7209 13348 0 75 14 5 933 952 6400 0
LWD.1 1+20 D 35 2.5 Yes 5 4 172 42 214 100% 7209 13348 0 75 14 5 933 952 6400 0
LWD.1 1+20 E 35 2.5 Yes 5 4 172 42 214 100% 7209 13348 0 75 14 5 933 952 6400 0
LWD.1 1+20 F 35 2.5 Yes 5 4 172 42 214 100% 7209 13348 0 75 14 5 933 952 6400 0
LWD.1 1+20 G 35 2.5 Yes 5 4 172 42 214 100% 7209 13348 0 75 14 5 933 952 6400 0
LWD.1 1+20 H 35 2.5 Yes 5 4 172 42 214 100% 7209 13348 0 75 14 5 933 952 6400 0

25

Large Wood Stability Analysis

8 86.9 6.5 Bouyancy/ Lift 86.9 86.9
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TECHNICAL MEMORANDUM 

 

DATE: Aug 31, 2021 

TO:  Salmonid Restoration Federation 

FROM:  Joel Monschke PE, Jay Stallman PG 

SUBJECT:  Preliminary Marshall Ranch Pond Operations and Water Temperature Analysis 

  
Stillwater Sciences conducted an analysis of annual pond operations to determine the likelihood and 

extent to which flow releases from the proposed Marshall Ranch project could have elevated water 

temperatures and result in negative effects on salmonids.  

 

1 POND VOLUME CALCULATIONS 

The first step of the analysis was to determine the physical characteristics of the proposed ponds in 

AutoCAD Civil3D. For each pond depth ranging from 0 to 28 feet, the volume and surface area were 

calculated. Results are summarized in Table 1. Based on this data, rating curve formulas were developed 

in Excel for depth-volume and depth-surface area relationships.  

 

Next, evapotranspiration (ET) for the pond site was determined using calculations from the Western 

Regional Climate Center’s Eel River Camp1. The Eel River Camp is located approximately 4.6 miles 

northeast of the Marshall Ranch project site. ET is calculated using the Penman equation based on 

physical site conditions including solar radiation, wind speed, temperature and humidity. For this 

analysis, we used the total 2019 monthly ET rates to calculate an average daily ET for each month as 

summarized in Table 2. Note that 2019 monthly ET rates were compared to previous years and although 

there are variations between years of +/-approximately one inch per month, the 2019 monthly totals 

provide a good representation of expected dry season ET rates. 

 

Based on the data listed in Tables 1 and 2, a spreadsheet was developed in Excel that calculates pond 

volume, water surface area, evaporation and depth based on a beginning pond volume and the amount of 

water released from the ponds each week. Table 3 describes an annual simulation of pond conditions 

under a standard management scenario. This scenario assumes the following:  

• The ponds are topped off on April 15 to their capacities of 3.77 million gallons (Eastern Pond) 

and 5.68 million gallons (Western Pond) with no additional inputs from precipitation or diversion 

after that date. Note that the diversion period ends on March 31, although some rainfall and sheet 

flow inputs are anticipated in April. 

• Flow releases to the Redwood Creek from the lower pond will begin on July 1st at a constant rate 

of 32 GPM or 322,560 gallons per week. At this time, water from the Eastern Pond will be piped 

to the Western Pond, continually replenishing the losses to flow augmentation and evaporation. 

 
1 Available online at https://raws.dri.edu/cgi-bin/rawMAIN.pl?caCEEC 

https://raws.dri.edu/cgi-bin/rawMAIN.pl?caCEEC
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Water level in the Western Pond will thereby be maintained at a depth of 27 feet until the Eastern 

Pond is drained, which is estimated to occur between the 19th and 26th of August. Water release 

from the Western Pond will continue at 32 GPM until it is drained between the 25th of November 

and 2nd of December. As shown in Table 3, flow release in this last week is estimated to total 

241,920 gallons.  

Note that flow releases through the end of November will likely not be needed in most years. However, 

recent climatic trends in 2018-2020 resulted in very dry conditions in October and November during 

which time aquatic habitat in some reaches of Redwood Creek mainstem would have likely benefited 

greatly from additional flow releases during these months. Therefore, it is prudent to allow for an 

operational approach that provides pond capacity to support flow releases through the end of November. 

However, during the late season, flow releases could likely be scaled back significantly or turned off 

completely based on specific conditions during each individual year. 

2 IMPLICATIONS FOR WATER TEMPERATURE 

During the winter, spring and fall, the cool water layer at the bottom of the Western Pond is expected to 

have a temperature within the range of 52 to 57 degrees Fahrenheit (11 to 14 degrees Celsius) which is 

the shallow groundwater temperature for the northern CA coastal region per the EPA’s Ecosystem 

Research online map2. Note that this temperature range is consistent with instream water temperature data 

collected by Salmonid Restoration Federation in Redwood Creek from continuous data loggers. 

Specifically, in 2018 at monitoring site RC1.8 (Redwood Creek mainstem just downstream from the 

Marshall Ranch project) the water temperatures measured by the data logger in the disconnected pool 

ranged from 52 to 58 degrees Fahrenheit when flows were entirely hyporheic. 

 

However, during the peak of the dry season when water is being drained and circulated between the 

ponds, it is anticipated that flow release temperatures may increase. To understand this dynamic, water 

temperature monitoring at a nearby in-stream pond on a tributary to Miller Creek is being conducted. 

Monitoring results from September to November of 2020 are displayed in Figure 1. The Miller Creek 

pond is approximately 15 ft deep with 2.8 million gallon storage capacity. Water temperatures were 

recorded by temperature loggers hung from a buoy at depths of 5ft, 9ft, and 13ft below the water surface. 

An additional logger was supposed to measures temperatures at a depth of 17 ft, but actually just sat on 

the bottom of the pond throughout the monitoring period due to the maximum pond depth of 15 ft. In the 

beginning of September, water temperatures at 5 ft hovered around 68°F, while the water temperature at 

the bottom of the pond was around 64°F. By mid-September, temperature at the bottom of the pond 

decreased to about 63°F where it remained before sharply declining in the first week of October to 

between 60°F and 61°F. Water temperature in the pond dropped further in the last week of October to 

near 50 degrees.  

 

The outflow pipe from the proposed Western Pond on the Marshall Ranch will be drawing water from the 

bottom 2 ft of the pond. Based on the standard reservoir operating scenario shown in Table 3, water 

depths in September range from 25 to 22 feet. Given the additional depth as well as volume of the 

Western Pond relative to the Miller Creek pond, it is anticipated that outflow temperatures will typically 

be in the range of 61°F to 64°F (16°C to 18°C) throughout the flow release period. Therefore, it is 

expected that the temperature of the flow released during the critical late summer weeks under the 

standard operating scenario will be suitable for juvenile salmonids3 (i.e. 18°C or less). Furthermore, as 

necessary, water from the lower pond can be released into an approximately 300 ft long, 8 ft deep channel 

 
2 Available online at https://www3.epa.gov/ceampubl/learn2model/part-two/onsite/ex/jne_henrys_map.html. 
3 U.S. Environmental Protection Agency. 2003. EPA Region 10 Guidance for Pacific Northwest State and Tribal 

Temperature Water Quality Standards. EPA 910-B-03-002. Region 10 Office of Water, Seattle, WA 

https://www3.epa.gov/ceampubl/learn2model/part-two/onsite/ex/jne_henrys_map.html
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filled with sand and gravel to ensure that water inputs to Redwood Creek are comparable in temperature 

to natural shallow groundwater baseflows. The project will also have the ability to release water directly 

from the tanks for short critical periods as necessary. 

 

Water depth in the Western Pond continue to drop throughout the fall. As day length shortens and air 

temperatures cool, however, the temperature and thickness of the warm water layer at the top of the pond 

will diminish. Figure 1 shows that water temperatures in the Miller Creek pond declined sharply in the 

first two weeks of October. Even at the end of October, the Western Pond on the Marshall Ranch remains 

15 feet deep. Under the standard operating scenario shown on Table 3, water temperatures of the flow 

release are therefore expected to remain suitable for salmonids throughout the year.  

 

 

3 CONCLUSIONS AND NEXT STEPS 

In summary, the analyses included herein indicate that the current pond design will result in flow releases 

with temperatures suitable for juvenile salmonids throughout the year under a standard management 

scenario. Under unusual circumstances, however, cooling pond water temperatures may be beneficial, and 

a filtration/cooling gallery is proposed to meet that need. 

 

Temperature monitoring of nearby ponds has continued during the summer of 2021 to help validate the 

assumptions of water temperature of stratification depths described above and those results will be 

incorporated into this memo at the end of the monitoring season. The project team also plans to integrate 

project outcomes with the hydrologic and temperature modeling work funded by the State Water Board to 

assess the likely water temperature implications of the flow releases on Redwood Creek. 

 

Additionally, based on feedback from agency personnel the Operations and Management Plan being 

developed through the next phase of this project will look at how the flow releases will be managed under 

specific hydrologic scenarios. It is anticipated that an adaptive and collaborative management approach 

will be needed to maximize yearly project function.  
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Figure 1. Miller Creek pond water temperatures at 5ft, 9ft, 13ft, and 17ft below water surface. Air 
temperature was also measured onsite.  
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Table 1. Pond volume and surface area for all depths. 
 

Water 

Depth 

(ft) 

Eastern Pond 

Volume (gal) 

Eastern Pond 

Surface Area 

(sq ft) 

Western Pond 

Volume (gal) 

Western Pond 

Surface Area 

(sq ft) 

0 0 3,016 0 409 

1 26,790 4,161 4,558 835 

2 62,446 5,386 12,956 1,437 

3 107,559 6,688 26,561 2,229 

4 162,671 8,059 35,485 3,509 

5 228,288 9,496 66,876 4,924 

6 304,903 10,999 109,365 6,471 

7 393,003 12,566 163,939 8,152 

8 493,069 14,198 231,604 9,970 

9 605,569 15,890 313,423 11,935 

10 730,951 17,642 410,522 14,054 

11 869,664 19,454 524,010 16,316 

12 1,022,155 21,326 654,812 18,682 

13 1,188,873 23,258 803,689 21,148 

14 1,370,265 25,250 971,394 23,714 

15 1,566,779 27,300 1,158,647 26,373 

16 1,778,851 29,409 1,366,134 29,123 

17 2,006,918 31,577 1,594,534 31,964 

18 2,251,414 33,802 1,844,506 34,890 

19 2,512,775 36,086 2,116,678 37,899 

20 2,791,437 38,427 2,411,659 40,988 

21 3,087,835 40,828 2,730,050 44,157 

22 3,402,404 43,286 3,072,451 47,407 

23 3,769,938 46,057 3,439,461 50,736 

24   3,831,680 54,146 

25   4,249,709 57,636 

26   4,694,145 61,207 

27   5,165,590 64,857 

28   5,664,643 68,588 
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        Table 2. Monthly ET rates at the Eel River Camp Weather Station. 

Year Month 

Days in 

the 

Month 

Total ET 

for Month 

(inches) 

Daily 

Average 

ET 

(inches) 

2019 April 30 4.67 0.156 

2019 May 31 6.1 0.197 

2019 June 30 8.01 0.267 

2019 July 31 8.47 0.273 

2019 August 31 7.96 0.257 

2019 September 30 5.31 0.177 

2019 October 31 3.64 0.117 

2019 November 30 1.93 0.064 
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 Table 3. Annual simulation of pond conditions under a standard management scenario in 1-week time steps.  

Date 
Upper pond 

volume (gal) 

Upper 

pond 

depth 

(ft) 

Upper 

pond 

release to 

lower (gal) 

Lower pond 

volume (gal) 

Lower 

pond 

depth 

(ft) 

Flow release 

during 

following 

week (GPM) 

Discharge 

volume 

during 

following 

week (gal) 

Combined 

evaporation 

loss over 

following 

week (gal) 

15-Apr 3,769,938 23 0 5,677,661 28 0 0 77,875 

22-Apr 3,738,653 23 0 5,631,072 28 0 0 77,533 

29-Apr 3,707,454 23 0 5,584,737 28 0 0 77,274 

6-May 3,676,514 23 0 5,538,403 28 0 0 97,035 

13-May 3,637,404 23 0 5,480,478 28 0 0 96,600 

20-May 3,598,729 22 0 5,422,553 27 0 0 95,525 

27-May 3,560,487 22 0 5,365,270 27 0 0 94,885 

3-Jun 3,522,245 22 0 5,308,627 27 0 0 128,164 

10-Jun 3,470,941 22 0 5,231,768 27 0 0 127,300 

17-Jun 3,419,636 22 0 5,155,773 27 0 0 125,858 

24-Jun 3,368,913 22 0 5,080,637 27 0 0 124,422 

1-Jul 3,318,771 22 398,571 5,006,358 27 32 322,560 126,733 

8-Jul 2,869,478 20 398,571 5,006,358 27 32 322,560 122,678 

15-Jul 2,424,240 19 398,571 5,006,358 27 32 322,560 118,211 

22-Jul 1,983,469 17 398,571 5,006,358 27 32 322,560 113,397 

29-Jul 1,547,512 15 398,571 5,006,358 27 32 322,560 108,313 

5-Aug 1,116,639 12 393,994 5,006,358 27 32 322,560 96,404 

12-Aug 697,675 10 393,994 5,006,358 27 32 322,560 90,606 

19-Aug 284,509 6 210,000 5,006,358 27 32 322,560 83,246 

26-Aug 62,697 2 0 4,822,364 26 32 322,560 75,976 

2-Sep 56,520 2 0 4,430,006 25 32 322,560 49,400 

9-Sep 52,457 2 0 4,062,109 24 32 322,560 47,031 

16-Sep 48,587 2 0 3,696,388 24 32 322,560 44,894 

23-Sep 44,717 1 0 3,332,803 23 32 322,560 42,089 

30-Sep 41,038 1 0 2,971,834 22 32 322,560 39,536 

7-Oct 37,358 1 0 2,613,418 21 32 322,560 24,450 

14-Oct 35,042 1 0 2,268,724 19 32 322,560 22,521 

21-Oct 32,726 1 0 1,925,959 18 32 322,560 20,528 

28-Oct 30,533 1 0 1,585,064 17 32 322,560 18,423 

4-Nov 28,339 1 0 1,246,274 15 32 322,560 8,834 

11-Nov 27,138 1 0 916,081 14 32 322,560 7,640 

18-Nov 25,936 1 0 587,083 11 32 322,560 6,044 

25-Nov 24,801 1 0 259,614 8 24 241,920 4,095 

2-Dec 23,666 1 0 14,734 2 0 0 1,558 

Total             7,015,680 2,395,078 
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Figure 1. Miller Creek pond water temperatures at 5ft, 9ft, 13ft, and 17ft below water surface. Air temperature was 
also measured onsite.  
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DESIGN FEATURES, MITIGATION MEASURES & MONITORING PROGRAM FOR 

THE MARSHALL RANCH STREAMFLOW ENHANCEMENT PROJECT 
 

1 ADMINISTRATIVE MEASURES 

Permittee shall meet each administrative requirement described below. 

1.1 Documentation at Project Site.   

Salmonid Restoration Federation (SRF) shall make the Agreement, any extensions and 

amendments to the Agreement, and all related notification materials and California 

Environmental Quality Act (CEQA) documents, readily available at the project site at all times 

and shall be presented to CDFW personnel, or personnel from another state, federal, or local 

agency upon request.   

1.2 Providing Agreement to Persons at Project Site.   

SRF shall provide copies of the Agreement and any extensions and amendments to the 

Agreement to all persons who will be working on the project at the project site on behalf of 

Permittee, including but not limited to contractors, subcontractors, inspectors, and monitors. 

1.3 Notification of Conflicting Provisions.   

SRF shall notify regulatory agencies if SRF determines or learns that a provision in the 

Agreement might conflict with a provision imposed on the project by another local, state, or 

federal agency. 

1.4 Project Site Entry.   

SRF and landowner will allow access to the project site for regulatory authorities provided they 

provide 24 hours advance notice and allow project permittee, or representative, to be present. 

 

2 PROJECT DESIGN AND MITIGATION MEASURES 

Project design and mitigation measures are identified below for each environmental checklist 

item contained in the Initial Study/Mitigated Negative Declaration (ISMND). In many cases, 

measures have been incorporated into the project design and are therefore, not considered 

mitigation measures. These are described below within each relevant subsection.  

 

Mitigation measures that have been included in the Project’s ISMND are identified below using 

an abbreviated checklist item title and number (e.g. BIO-1). Mitigation measures were 

incorporated into the ISMND for those checklist items where an answer of “Less Than 

Significant with Mitigation Incorporated” was given. The Permittee is responsible for ensuring 

the general and specific mitigation measures are implemented. 
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2.1 Aesthetics 

2.1.1 Design features 

• All final grading to be inspected by engineer and revegetation specialist to ensure that it 

meets specifications including that graded features are blended into natural landscape and 

also avoid over compaction of surficial soils to allow for vigorous growth of native 

vegetation. 

• Natural vegetation barriers will be incorporated into the final project design to improve 

project aesthetics and minimize impacts. 

2.1.2 Mitigation measures 

• None 

2.2 Agriculture and Forestry Resources 

No specific design features or mitigation measures are required to minimize impacts. 

2.3 Air Quality 

2.3.1 Design features 

• All bare mineral soils and excavation areas will be watered during construction activities 

to minimize the potential for fugitive dust production. 

• The construction portion of the project will last for less than one year (June 1 to 

November 1). During this period, the project will comply with Rule 104, Section D and 

cover open body trucks hauling materials off site and use water during the grading of 

roads, excavation, and land clearing. 

2.3.2 Mitigation measures 

• None 

2.4 Biological Resources 

A biological resources technical report has been prepared by Stillwater Sciences to describe the 

special-status and/or sensitive biological resources (plants, vegetation communities, fish, wildlife, 

and wetlands and waters) in or with potential to occur in the Project area that may be affected by 

Project construction activities. This report titled “Biological Resources Technical Report for the 

Marshall Ranch Flow Enhancement Project, Humboldt County, CA”, has been used to inform the 

sections below with regard to specific species of concern within the Project area. 

 

2.4.1 Design features 

• The project team will work closely with California Department of Fish and Wildlife 

(CDFW) and the California State Water Resources Control Board Division of Water 

Rights (SWRCB) to develop final approved diversion protocols for the project that limit 

impacts to aquatic resources during the wet season flow diversion period. This will be 

conducted through the CDFW’s Lake and Streambed Alteration Agreement (LSAA) and 

the SWRCB’s Appropriative Water Rights application processes. Through ongoing 

discussions and final permit and water rights negotiations with CDFW and SWRCB, a 

Final Water Availability Analyses (WAA) will be developed that describes a mutually 
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agreed upon scientific basis for flow diversion protocols. Information in the final WAA 

will provide the basis for development of the project’s Operations Plan that defines 

pumping schedule and rates based on site specific discharge rates in Redwood Creek with 

the intent of protecting aquatic resources related to flow diversion to the maximum extent 

practical.  

• The project team will work closely with CDFW and NOAA to develop final approved 

flow release protocols for the project that maximize the benefits to aquatic resources 

during the dry season and reduce negative impacts of the flow releases. A preliminary 

assessment of flow release schedule and temperature has been conducted as described in 

the Basis of Design (BOD) Report Appendix H. A cooling/filtration gallery will be 

installed to address concerns with higher than optimal flow release temperatures that may 

occur during rare occasions. Yearly flow release rates and schedules will be based on 

specific hydrologic conditions during each year and finalized through a collaborative 

adaptive management process with CDFW and NOAA staff. The project’s Operations 

Plan will define general procedures for the flow releases with the intent of enhancing 

aquatic resources in Redwood Creek to the maximum extent possible.  

• The project’s Operations Plan will be revised as needed after project construction through 

adaptive management and in close collaboration with CDFW, SWRCB and NOAA staff. 

This will be based on ongoing monitoring of downstream flow and habitat characteristics. 

Monitoring will occur at a minimum over the first 20 years of project operations with the 

most robust monitoring occurring over the first 3 years after construction. The Operations 

Plan will be developed with the intention to fill the reservoir with the minimum impact 

possible to aquatic resources and release flows to enhance aquatic habitat to the 

maximum extent possible. 

• Aquatic species relocation plan. Prior to dewatering a construction site, fish and 

amphibian species shall be captured and relocated by CDFW personnel (or designated 

agents). The following measures shall be taken to minimize harm and mortality to listed 

salmonids resulting from fish relocation and dewatering activities: 

o Fish relocation and dewatering activities shall only occur between June 15 and 

November 1 of each year. 

o Fish relocation shall be performed by a qualified fisheries biologist, with all 

necessary State and Federal permits. Captured fish shall be moved to the nearest 

appropriate site outside of the work area. A record shall be maintained of all fish 

rescued and moved. The record shall include the date of capture and relocation, 

the method of capture, the location of the relocation site in relation to the project 

site, and the number and species of fish captured and relocated. The record shall 

be provided to CDFW within two weeks of the completion of the work season or 

project, whichever comes first. 

o Prior to capturing fish, the most appropriate release location(s) shall be 

determined. These would have water temperatures similar to the capture location 

and ample habitat area for dispersal.  

o A block net will be installed at the upstream end of the work area to keep fish 

from entering from above.  

o If a single thread channel with surface flow is present, fish would initially be 

hazed downstream using beach seines and dip nets. A block net would then be 

installed at the downstream end of the work area to keep fish from reentering. At 



   

 

 

Stillwater Sciences 
4 

least three sweeps will be conducted to deplete the area of fish as best as possible 

without handling.  

o Once sweeping in completed, the cofferdam and flow bypass would be installed. 

Pumping of the work area could then commence.  

o Any remaining fish would become concentrated in deep locations and would be 

removed using dipnets, seining, or hand capture as water depth continues to 

decrease.  

o Electrofishing would only occur as a last resort. If deemed necessary, 

electrofishing shall be conducted by properly trained personnel following NOAA 

Guidelines for Electrofishing Waters Containing Salmonids Listed under the 

Endangered Species Act, June 2000. 

o Handling of salmonids shall be minimized. However, when handling is 

necessary, always wet hands or nets prior to touching fish. 

o Temporarily hold fish in cool, shaded, aerated water in a container with a lid. 

Provide aeration with a battery-powered external bubbler. Protect fish from 

jostling and noise and do not remove fish from this container until time of 

release. 

o Air and water temperatures shall be measured periodically. A thermometer shall 

be placed in holding containers and, if necessary, periodically conduct partial 

water changes to maintain a stable water temperature. If water temperature 

reaches or exceeds 18°C, fish shall be released and rescue operations ceased. 

o Overcrowding in containers shall be avoided by having at least two containers 

and segregating young-of-year (YOY) fish from larger age-classes to avoid 

predation. Larger amphibians, such as Pacific giant salamanders, shall be placed 

in the container with larger fish. If fish are abundant, the capturing of fish and 

amphibians shall cease periodically and shall be released at the predetermined 

locations. 

o Anesthetization or measuring fish shall be avoided. 

o If feasible, initial fish relocation efforts shall be performed several days prior to 

the start of construction. This provides the fisheries biologist an opportunity to 

return to the work area and perform additional electrofishing passes immediately 

prior to construction. In many instances, additional fish will be captured that 

eluded the previous day's efforts. 

o If mortality during relocation exceeds three percent, capturing efforts shall be 

stopped and the appropriate agencies shall be contacted immediately. 

o In regions of California with high summer temperatures, relocation activities 

shall be performed in the morning when the temperatures are cooler. 

o The Permittee shall minimize the amount of wetted stream channel that is 

dewatered at each individual project site to the fullest extent possible. 

o Additional measures to minimize injury and mortality of salmonids during fish 

relocation and dewatering activities shall be implemented as described in Part IX, 

pages 52 and 53 of the California Salmonid Stream Habitat Restoration Manual. 

o If these measures cannot be implemented, or the project actions proposed at a 

specific work site cannot be modified to prevent or avoid potential impacts to 

anadromous salmonids or their habitat, then activity at that work site shall be 

discontinued. 
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• The construction and operations of the pond has the potential to create habitat for 

bullfrogs and subsequently impact native species. The following avoidance and 

minimization measures will be incorporated in the project design, monitoring and 

maintenance plan.  In order to avoid bullfrogs from infesting the project sites the 

following strategies will be implemented: 

o Landowner and resident education is one of the most important strategies, as 

people have been known to intentionally introduce bullfrogs to local bodies of 

water as a source of food.   

o Monitoring of project sites will also be very important as early detection, before 

populations can get established, is a key component of control. Monitoring will 

be conducted as per Appendix K of the BOD Report: Bullfrog Monitoring and 

Management Plan prepared by CDFW. 

o If needed, the off-channel pond may be drained. David Manthorne, CDFW 

Senior Environmental Scientist recommends draining of ponds if invasive 

bullfrogs are present to interrupt their life cycle (CDFW Compliance Guidance). 

According to research by Doubledee et al, 2007, “Bullfrogs, Disturbance 

Regimes, and the Persistence of California Red-Legged Frogs ", draining of 

ponds can be effective for bullfrog management if draining occurs at least every 

2 years.  

o If annual monitoring shows that bullfrogs are present, active measures will be 

taken in consultation with CDFW and will follow the methods described in 

Exhibit A: Bullfrog Monitoring and Management Plan 

 

2.4.1.1 Plants 

• The Project footprint will be minimized to the extent possible.  

• The pond will be positioned to minimize impacts on existing vegetation to the extent 

possible. 

• Ground disturbance and vegetation clearing and/or trimming will be confined to the 

minimum amount necessary to facilitate Project implementation.  

• Heavy equipment and vehicles will use existing access roads to the extent possible.  

• Construction materials will be stored in designated staging areas. 

• Measures to prevent the spread of invasive weeds and sudden oak death pathogens will 

be taken, including, where appropriate, inspecting equipment for soil, seeds, and 

vegetative matter, cleaning equipment, utilizing weed-free materials and native seed 

mixes for revegetation, and proper disposal of soil and vegetation. 

2.4.2 Mitigation measures 

BIO-1: The use of cofferdams will contain any turbid water produced during the Project 

within the work area, thereby avoiding impacts on downstream salmonids. Any turbid 

water within the confined work areas would be pumped to a receiving site outside the 

channel or to frak tanks. Any turbid water within the work area would be allowed to 

settle prior to removal of the cofferdams, thereby minimizing downstream effects on 

salmonids. 

BIO-2: Discharge of sediment will be controlled and minimized with the implementation of 

best management practices (BMPs) on all disturbed soils that have the potential to 

discharge into area watercourses. Applicable BMPs include, but are not limited to, 

installation of silt fences, straw wattles, and placement of seed-free rice straw. BMPs will 
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be installed at all access points to the work sites, which will minimize the potential for 

sediment delivery and deleterious effects on salmonids.  

BIO-3: All gully stabilization work will be conducted when the individual sites are dry (i.e. 

no surface water). 

BIO-4: A June 15 – November 1 instream work window will be established to allow time for 

young-of-the-year salmonids to be very mobile and capable of avoiding injury. The work 

window will also allow downstream migration of smolts to be completed prior to any 

Project-related channel disturbance taking place. In addition, the work window coincides 

with the summer low-flow season during which flow in the creek will be at its summer 

base flow. Finally, the November 1 date will ensure all work is done prior to the rainy 

season and arrival of any upstream migrating adult salmonids. 

BIO-5: Prior to the initiation of any instream work in areas with surface water, a qualified 

biologist will survey the site to determine fish presence. The biologist will herd or 

relocate any fish that may be in work sites to suitable habitat downstream. Block nets will 

be installed to prevent fish from reentering the work area. Any fish remaining in the work 

area will be captured by hand, dip net, or as a last resort, using a backpack electrofisher. 

Cofferdams will be constructed in the channel at sites where streamflow is present. Water 

will then be diverted around the work area. 

BIO-6: The Project will follow the Fish Screening Criteria for Salmonids (NMFS 1997), 

NOAA Restoration Center/Army Corps of Engineers programmatic biological opinion 

requirements. 

BIO-7: A foothill yellow-legged frog egg mass survey will be conducted in May prior to the 

operations season to determine if breeding occurs within the Project reaches. 

BIO-8: A visual observation survey of the project areas will be conducted within three days 

to two weeks prior to the start of operations to determine if adult and juvenile foothill 

yellow-legged frogs are present in the Project area. 

BIO-9: If foothill yellow-legged frogs are present, then a qualified CDFW-approved 

biologist will be present immediately prior to the start of operations to remove any frogs 

and relocate them in suitable habitat. 

BIO-10: The Project manager or qualified designee will conduct daily morning inspections 

of the area slated for work to determine if amphibians entered the areas overnight. Any 

individuals will be captured and relocated prior to the start of the day’s work. 

BIO-11: Terrestrial woody debris will be left in place to the greatest extent practicable during 

operations within the riparian areas.  

BIO-12: Prior to the initiation of any instream work in areas with surface water, a qualified 

biologist will survey the site to determine larval newt presence. If red-bellied newts are 

present, then a qualified CDFW-approved biologist will be present immediately prior to 

the start of operations to remove any individuals and relocate them in suitable habitat.  

BIO-13: A pre-construction nesting bird survey will be conducted during the breeding season 

and within two weeks of the start of construction. Appropriate buffers will be established 

around all active nests within the Project area. 

BIO-14: Prior to the initiation of any instream work in areas with surface water, a qualified 

biologist will survey the site to determine turtle presence. The biologist will capture and 

relocate any turtle that may be in work sites to suitable habitat downstream. Block nets 

will be installed to prevent turtles from reentering the work area. 

BIO-15: Planting of seedlings shall begin after December 1, or when sufficient rainfall has 

occurred to ensure the best chance of survival of the seedlings, but in no case after April 

1. 

BIO-16: Any disturbed banks shall be fully restored upon completion of construction. 

Revegetation shall be done using native species. Planting techniques can include seed 
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casting, hydroseeding, or live planting methods using the techniques in Part XI of the 

California Salmonid Stream Habitat Restoration Manual. 

BIO-17: Disturbed and compacted areas shall be re-vegetated with native plant species. The 

species shall be comprised of a diverse community structure that mimics the native 

riparian corridor. Planting ratio shall be 2:1 (two plants to every one removed). Unless 

otherwise specified, the standard for success is 80 percent survival of plantings or 80 

percent ground cover for broadcast planting of seed after a period of 3 years. 

BIO-18: To ensure that the spread or introduction of invasive exotic plants shall be avoided 

to the maximum extent possible, equipment shall be cleaned of all dirt, mud, and plant 

material prior to entering a work site. When possible, invasive exotic plants at the work 

site shall be removed. Areas disturbed by project activities will be restored and planted 

with native plants. 

BIO-19: Mulching and seeding shall be done on all exposed soil which may deliver sediment 

to a stream. Soils exposed by project operations shall be mulched to prevent sediment 

runoff and transport. Mulches shall be applied so that not less than 90% of the disturbed 

areas are covered. All mulches, except hydro-mulch, shall be applied in a layer not less 

than two (2) inches deep. Where feasible, all mulches shall be kneaded or tracked-in with 

track marks parallel to the contour, and tackified as necessary to prevent excessive 

movement. All exposed soils and fills, including the downstream face of the road prism 

adjacent to the outlet of culverts, shall be reseeded with a mix of native grasses common 

to the area, free from seeds of noxious or invasive weed species, and applied at a rate 

which will ensure establishment. 

BIO-20: If erosion control mats are used in re-vegetation, they shall be made of material that 

decomposes. Erosion control mats made of nylon plastic, or other non-decomposing 

material shall not be used. 

BIO-21: If riparian vegetation is to be removed with chainsaws, the Permittee shall use saws 

that operate with vegetable-based bar oil when possible. 

2.5 Cultural Resources 

2.5.1 Design features 

The project design has been developed to avoid culturally sensitive areas. 

 

2.5.2 Mitigation measures 

An archaeological assessment (Appendix C) and tribal group consultation have indicated that 

cultural resources are present within a portion of the project site. Potential for inadvertent impacts 

at all sites will be avoided through implementation of the following mitigation measures: 

 

CR-1: Cultural and/or paleontological resources on the site will be protected by the Permittee 

through implementation of the following protective measures before work can proceed:  

• The site boundary shall be clearly marker during project implementation. Boundary 

markers such as flagging, stakes, fencing, or other highly visible barrier should be used. 

• The area containing the archaeological site shall be completely excluded from ground 

disturbing activities. The proposed path of the pond intake pipeline and primary 

spillway have been rerouted to avoid ground disturbance to the identified sensitive 

area. 

• Spoils from pond excavation may be placed directly on the existing site surface, 

however, no grading or scarifying shall be conducted. Heavy equipment shall not enter 
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the site unless atop a sufficient layer of fill, such that the underlying soil is not 

displaced. 

• All ground-disturbing activities and placement of fill material within the known 

archaeological site shall be monitored by a professional archaeologist familiar with 

specific project conditions. A monitoring plan should be developed and used to guide 

monitoring and discovery protocol. 

• This archaeological site should be continuously monitored after project construction. 

The landowner or designee should watch for erosion, unauthorized collecting, and 

other site damages as a result of this site now being identified. 

• In the event additional archaeological material is encountered during project 

implementation or during future site monitoring efforts, all work shall stop in the area 

of the find and the discovery protocol initiated as described below in CR-3. 

CR-2: The Permittee shall ensure that the implementation contractor or responsible party is 

aware of these site-specific conditions, and shall inspect the work site before, during, and 

after completion of the action item. 

CR-3: Inadvertent Discovery of Cultural Resources - If cultural resources are encountered 

during construction activities, all onsite work shall cease in the immediate area and 

within a 50-foot buffer of the discovery location. A qualified archaeologist will be 

retained to evaluate and assess the significance of the discovery, and develop and 

implement an avoidance or mitigation plan, as appropriate. For discoveries known or 

likely to be associated with Native American heritage (prehistoric sites and select historic 

period sites), the tribes listed in Section 6.2 and those that the County has on file shall 

also be contacted immediately to evaluate the discovery and, in consultation with the 

project proponent, the County, and consulting archaeologist, develop a treatment plan in 

any instance where significant impacts cannot be avoided. Prehistoric materials which 

could be encountered include obsidian and chert debitage or formal tools, grinding 

implements, (e.g., pestles, handstones, bowl mortars, slabs), locally darkened midden, 

deposits of shell, faunal remains, and human burials. Historic archaeological discoveries 

may include nineteenth century building foundations, structural remains, or 

concentrations of artifacts made of glass, ceramics, metal or other materials found in 

buried pits, wells or privies. 

CR-4: Inadvertent Discovery of Human Remains - If human remains are discovered during 

project construction, work shall stop at the discovery location, within 20 meters (66 feet), 

and any nearby area reasonably suspected to overlie adjacent human remains (Public 

Resources Code, Section 7050.5). The county coroner shall be contacted to determine if 

the cause of death must be investigated. If the coroner determines that the remains are of 

Native American origin, it is necessary to comply with state laws relating to the 

disposition of Native American burials, which fall within the jurisdiction of the Native 

American heritage Commission (NAHC) (Public Resources Code, Section 5097). The 

coroner will contact the NAHC. The descendants or most likely descendants of the 

deceased will be contacted, and work shall not resume until they have made a 

recommendation to the landowner or the person responsible for the excavation work for 

means of treatment and disposition, with appropriate dignity, of the human remains and 

any associated grave goods, as provided in Public Resources Code, Section 5097.98. 

CR-5: Procedures for treatment of an inadvertent discovery of human remains: 

a) Immediately following discovery of known or potential human remains all 

ground-disturbing activities at the point of discovery shall be halted. 

b) No material remains shall be removed from the discovery site, a reasonable 

exclusion zone shall be cordoned off. 
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c) The property owner shall be notified and the Permittee Project Manager shall 

contact the county coroner. 

d) The Permittee shall retain the services of a professional archaeologist to 

immediately examine the find and assist the process. 

e) All ground-disturbing construction activities in the discovery site exclusion area 

shall be suspended. 

f) The discovery site shall be secured to protect the remains from desecration or 

disturbance, with 24-hour surveillance, if prudent. 

g) Discovery of Native American remains is a very sensitive issue, and all project 

personnel shall hold any information about such a discovery in confidence and 

divulge it only on a need-to-know basis, as determined by the CDFW. 

h) The coroner has two working days to examine the remains after being notified. If 

the remains are Native American, the coroner has 24 hours to notify the NAHC 

in Sacramento (telephone 916/653-4082). 

i) The NAHC is responsible for identifying and immediately notifying the Most 

Likely Descendant (MLD) of the deceased Native American. 

j) The MLD may, with the permission of the landowner, or their representative, 

inspect the site of the discovered Native American remains and may recommend 

to the landowner and Permittee means for treating or disposing, with appropriate 

dignity, the human remains and any associated grave goods. The descendants 

shall complete their inspection and make recommendations or preferences for 

treatment with 48 hours of being granted access to the site (Public Resource 

Code, Section 5097.98(a)). The recommendation may include the scientific 

removal and non-destructive or destructive analysis of human remains and items 

associated with Native American burials. 

k) Whenever the NAHC is unable to identify a MLD, or the MLD identified fails to 

make a recommendation, or the landowner or his/her authorized representative 

rejects the recommendation of the MLD and mediation between the parties by the 

NAHC fails to provide measures acceptable to the landowner, the landowner or 

his/her authorized representatives shall re-inter the human remains and associated 

grave offerings with appropriate dignity on the property in a location not subject 

to further subsurface disturbance in accordance with Public Resource Code, 

Section 5097.98(e). 

l) Following final treatment measures, the Permittee shall ensure that a report is 

prepared that describes the circumstances, nature and location of the discovery, 

its treatment, including results of analysis (if permitted), and final disposition, 

including a confidential map showing the reburial location. Appended to the 

report shall be a formal record about the discovery site prepared to current 

California standards on DPR 523 form(s). Permittee shall ensure that report 

copies are distributed to the appropriate California Historic Information Center, 

NAHC, and MLD. 

m) The Permittee shall report any previously unknown historic, archeological, and 

paleontological remains discovered at a project location to the USACE as 

required in the RGP. 

n) If it becomes impossible to implement the project at a work site without 

disturbing cultural or paleontological resources, then activity at that work site 

shall be discontinued. 
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2.6 Energy 

No specific design features or mitigation measures are required to minimize impacts. 

 

2.7 Geology and Soils 

Implementation of the streamflow enhancement project is expected to contribute to an overall 

reduction in stormwater runoff and associated erosion at the project site. The following design 

features and mitigation measures will ensure that impacts on geology and soils are less than 

significant. 

 

2.7.1 Design features, Construction Oversight and Monitoring 

• The project design has incorporated numerous features to reduce the potential for 

landsliding and other risks associated with geology and soils: 

o Pond liner made of long-lasting High-density Polyethylene (HDPE) and covered with 

gravel will reduce the risk of a clay liner breaking down over time due to erosion and 

expansive soils. This will prevent undesirable increases in groundwater levels thereby 

reducing the risk of landslides. 
o French drain under the western pond will drain water from the pond site and 

downslope terrace improving stability. 

o Gully treatments will significantly reduce gully incision rates that over long time 

periods could destabilize portions of the site. Grade control structures will be utilized 

to control channel scour, sediment routing, and headwall cutting. 

o Crossing upgrades will return runoff to more natural pathways and reduce the risk of 

overtopping during large storm events. 
o Foundation funding has been secured to cover long-term operations, monitoring, and 

maintenance. 

o Data recorders/sensors will monitor pond water levels, groundwater levels. 

o Off-grid power supply will provide energy to data recorders, valves and internet in 

the case of a power outage. 

• Additionally, a long-term Operations, Monitoring and Maintenance Plan will be 

developed that describes yearly project operations and monitoring and the 

individuals/organizations responsible for each item. Specifically, Stillwater Sciences 

licensed geologist and engineer will be responsible for annual inspections of the project 

features. Additionally, Stillwater will be responsible for continuous monitoring of 

groundwater well data loggers and dam motion sensors to ensure that the project is 

functioning as designed and no issues arise that would lead to increased risk of 

landslides. 

• Licensed professionals from Stillwater Sciences and SHN Engineers and Geologists will 

be onsite and closely involved during construction activities to ensure that the project is 

constructed as designed and any necessary field engineering arising from changing site 

conditions are addressed professionally based on best available science and 

engineering/geotechnical techniques. 

• Stillwater Sciences’ licensed geologist and engineer will be responsible for post-

construction inspections of the project features and will be responsible for monitoring of 

data loggers to ensure that the project is functioning as designed and no issues arise that 

would lead to increased risk of geologic instability. 
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2.7.2 Mitigation measures 

GEO-1: Work sites shall be winterized at the end of each day to minimize the eroding of 

unfinished excavations when significant rains are forecasted. Winterization procedures 

shall be supervised by a professional trained in erosion control techniques and involve 

taking necessary measures to minimize erosion on unfinished work surfaces. 

Winterization includes the following: smoothing unfinished surfaces to allow water to 

freely drain across them without concentration or ponding; compacting unfinished 

surfaces where concentrated runoff may flow with an excavator bucket or similar tool, to 

minimize surface erosion and the formation of rills; and installation of culverts, silt 

fences, and other erosion control devices where necessary to convey concentrated water 

across unfinished surfaces, and trap exposed sediment before it leaves the work site. 

 

GEO-2: Effective erosion control measures shall be in-place at all times during construction. 

Construction within the 5-year flood plain shall not begin until all temporary erosion 

controls (i.e., straw bales or silt fences that are effectively keyed-in) are in place down 

slope or down stream of project activities within the riparian area. Erosion control 

measures shall be maintained throughout the construction period. If continued erosion is 

likely to occur after construction is completed, then appropriate erosion prevention 

measures shall be implemented and maintained until erosion has subsided. 

 

GEO-3: An adequate supply of erosion control materials (gravel, straw bales, shovels, etc.) 

shall be maintained onsite to facilitate a quick response to unanticipated storm events or 

emergencies. 

 

GEO-4: Upon project completion, all exposed soil present in and around the project site shall 

be stabilized within 7 days. Soils exposed by project operations shall be mulched to 

prevent sediment runoff and transport. Mulches shall be applied so that not less than 90% 

of the disturbed areas are covered. All mulches, except hydro-mulch, shall be applied in a 

layer not less than two (2) inches deep. Where feasible, all mulches shall be kneaded or 

tracked-in with track marks parallel to the contour, and tackified as necessary to prevent 

excessive movement. All exposed soils and fills, including the downstream face of the 

road prism adjacent to the outlet of culverts, shall be reseeded with a mix of native 

grasses common to the area, free from seeds of noxious or invasive weed species, and 

applied at a rate which will ensure establishment. 

2.8 Greenhouse Gas Emissions 

No specific mitigation measures are required. Long term fire suppression benefits of the project 

are expected to offset greenhouse gas emissions associated with construction.  

 

2.9 Hazards and Hazardous Materials 

No hazardous materials will be transported to the project site other than fuel, hydraulic fluid, lube 

oil, and coolant for the heavy equipment that will be used during construction. The following 

design features and mitigation measures will ensure that impacts relating to hazards and 

hazardous materials are less than significant. 
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2.9.1 Design features 

Outside of the construction period, the project would not generate or involve use of any 

hazardous materials. 

 

2.9.2 Mitigation measures 

HAZ-1: Heavy equipment that will be used in these activities will be in good condition and 

will be inspected for leakage of coolant and petroleum products and repaired, if 

necessary, before work is started. 

 

HAZ-2: When operating vehicles in wetted portions of the stream channel, or where wetland 

vegetation, riparian vegetation, or aquatic organisms may be destroyed, the responsible 

party shall, at a minimum, do the following: 

• All equipment shall be cleaned to remove external oil, grease, dirt, or mud. Wash 

sites shall be located in upland locations so that dirty wash water does not flow 

into the stream channel or adjacent wetlands; 

• Check and maintain on a daily basis any vehicles to prevent leaks of materials 

that, if introduced to water, could be deleterious to aquatic life, wildlife, or 

riparian habitat; 

• Take precautions to minimize the number of passes through the stream and to 

avoid increasing the turbidity of the water to a level that is deleterious to aquatic 

life; and 

• Allow the work area to rest to allow the water to clear after each individual pass 

of the vehicle that causes a plume of turbidity above background levels, resuming 

work only after the stream has reached the original background turbidity levels. 

HAZ-3: All equipment operators shall be trained in the procedures to be taken should an 

accident occur. Prior to the onset of work, the Permittee shall prepare a Spill 

Prevention/Response plan to help avoid spills and allow a prompt and effective response 

should an accidental spill occur. All workers shall be informed of the importance of 

preventing spills. Operators shall have spill clean-up supplies on site and be 

knowledgeable in their proper deployment. 

 

HAZ-4: All activities performed in or near a stream will have absorbent materials designed 

for spill containment and cleanup at the activity site for use in case of an accidental spill. 

In an event of a spill, work shall cease immediately. Clean-up of all spills shall begin 

immediately. The responsible party shall notify the State Office of Emergency Services at 

1-800-852-7550 and the CDFW immediately after any spill occurs and shall consult with 

the CDFW regarding clean-up procedures. 

 

HAZ-5: All fueling and maintenance of vehicles and other equipment and staging areas shall 

occur at least 65 feet from any riparian habitat or water body and place fuel absorbent 

mats under pump while fueling. The USACE and the CDFW will ensure contamination 

of habitat does not occur during such operations. Prior to the onset of work, the Permittee 

shall prepare a plan to allow a prompt and effective response to any accidental spills. All 

workers will be informed of the importance of preventing spills and of the appropriate 

measures to take should a spill occur. 
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HAZ-6: Location of staging/storage areas for equipment, materials, fuels, lubricants, and 

solvents, will be located outside of the streams high water channel and associated riparian 

area. The number of access routes, number and size of staging areas, and the total area of 

the work site activity shall be limited to the minimum necessary to complete the 

restoration action. To avoid contamination of habitat during restoration activities, trash 

will be contained, removed, and disposed of throughout the project. 

 

HAZ-7: Petroleum products, fresh cement, and other deleterious materials shall not enter the 

stream channel. 

 

HAZ-8: Stationary equipment such as motors, pumps, generators, compressors, and welders, 

located within the dry portion of the stream channel or adjacent to the stream, will be 

positioned over drip-pans. 

 

HAZ-9: All internal combustion engines shall be fitted with spark arrestors. 

 

HAZ-10: The Permittee shall have an appropriate fire extinguisher(s) and firefighting tools 

(shovel and axe at a minimum) present at all times when there is a risk of fire. 

 

HAZ-11: Vehicles shall not be parked in tall grass or any other location where heat from the 

exhaust system could ignite a fire. 

 

HAZ-12: The grantee shall follow any additional rules the landowner has for fire prevention. 

 

 

2.10 Hydrology and Water Quality 

Short-term increases in turbidity associated with the instream structure installation would be 

controlled by isolating the project area from flowing water, installing BMPs, and revegetating 

disturbed surfaces. The design features and mitigation measures BIO 1-6, GEO 1–4 and HAZ-1– 

8 described above, as well as HYD-1 described below will assure that the project actions are in 

compliance with water quality standards and that impacts on water quality are avoided or 

mitigated to below a level of significance. 

 

2.10.1 Design features 

• Before instream work proceeds, turbidity control measures will be in place. 

• Any wastewater from construction area shall be discharged to an upland location where it 

will not drain sediment-laden water back to stream channel.  

• To control erosion during and after project implementation, the Permittee shall 

implement best management practices, as identified by the appropriate Regional Water 

Quality Control Board. 

• Sediment-laden water caused by construction activity shall be filtered before it leaves the 

right-of-way or enters the stream network or an aquatic resource area. Silt fences or other 

detention methods shall be installed as close as possible to culvert outlets to reduce the 

amount of sediment entering aquatic systems. 

• Diversions to fill storage facilities during the winter and spring months shall be made 

pursuant to the appropriate type of water right and filed with the SWRCB. CDFW will 

review the appropriation of water to ensure fish and wildlife resources are protected. The 
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following preliminary conditions are proposed for surface water diversions and shall be 

revised as appropriate through consultation and permit condition negotiation with CDFW 

and SWB:  

o Diversion season: December 15 to March 31. 

o Diversion allowed when Redwood Creek mainstem at the Marshall Ranch is at or 

above 5 cubic feet per second (cfs). 

o Diversion rate from the tributaries shall not exceed 10% of Redwood Creek 

mainstem flow at the Marshall Ranch. 

o A minimum bypass flow of 5 gpm is required for each tributary.  

o Cumulative diversion rates from the two tributaries will range from 75 to 200 

gpm during the diversion season. 

o 30 to 60 days of diversion needed to achieve 6.5 million gallons of diversion (20 

ac-ft) 

• CDFW and SWB shall be granted access to inspect the diversion system. Access is 

limited to the portion of the landowner's real property where the pump is located and 

those additional portions of the real property which must be traversed to gain access to 

the pump site. Landowners shall be given reasonable notice and any necessary 

arrangements will be made prior to requested access including a mutually-agreed-upon 

time and date. Notice may be given by mail or by telephone with the landowner or an 

authorized representative of the landowner. The landowner shall agree to cooperate in 

good faith to accommodate CDFW and SWB access. 

• Off-channel ponds will be constructed to minimize erosion through engineering of berms 

and spillways to carry 100-year flows and withstand seismic force. 

• Dry season flow releases shall have sufficiently low temperature and nutrient levels to 

provide high quality rearing habitat for juvenile salmonids. This shall be achieved 

through the project features described in Design Plans in Appendix A.3 of the Basis of 

Design Report including the outflow at the bottom of the pond, cooling/filtration gallery, 

and fence excluding livestock from the pond. Water quality will be maintained during the 

life of the project through implementation of the Operations, Monitoring and 

Maintenance Plan that will be developed for the project and will define yearly project 

operations, monitoring and maintenance the individuals/organizations responsible for 

each action. 

2.10.2 Mitigation measures 

HYD-1: Project operations will be adaptively managed based on flow, temperature and 

aquatic habitat monitoring results. These monitoring results will be presented to 

regulatory agency staff on an annual basis and/or as required by final permit conditions. 

In coordination with regulatory agency staff, the project team will adapt project 

operations as necessary to optimize aquatic habitat benefits resulting from the project 

while reducing impacts to a less than significant level. This may include changes to 

diversion timing/rates, changes to flow release timing/rates, and/or other changes to 

project operations. 

 

2.11 Land Use and Planning 

No specific design features or mitigation measures are required to minimize impacts. 
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2.12 Mineral Resources 

No specific design features or mitigation measures are required to minimize impacts. 

 

2.13 Noise 

2.13.1 Design features 

The project will utilize passive structures that will not generate excessive noise. 

 

2.13.2 Mitigation Measures 

NOISE 1: To reduce the possibility of the construction noise and vibrations becoming an 

annoyance to sensitive receptors near the Project, exterior construction activity shall be 

confined to the weekday hours of 7:00 am to 7:00 pm or until sunset, whichever is later, 

and weekend hours of 8:00 am to 6:00 pm or until sunset, whichever is later. No heavy 

equipment related construction activities shall be allowed on Sundays or holidays. 

NOISE 2: The Permittee shall notify sensitive receptors (all property owners within 350 feet) 

of potential impacts from noise and vibration prior to initiating each construction phase. 

The notice shall describe construction activities and anticipated noise and/or vibrations 

from these activities, and the duration and operational hours of construction activities. 

The notice will also include a contact that sensitive receptors may call to report noise or 

vibration concerns. The notice will include a request that property owners share the 

notice with any employee or tenants working within 350 feet of the project site. 

NOISE 3: Construction equipment shall be properly maintained and equipped with noise 

control devices, such as mufflers and shrouds, in accordance with manufacturers’ 

specifications. 

 

2.14 Population and Housing 

No specific design features or mitigation measures are required to minimize impacts. 

 

2.15 Public Services 

No specific design features or mitigation measures are required to minimize impacts. 

 

2.16 Recreation 

No specific design features or mitigation measures are required to minimize impacts. 

 

2.17 Tribal Cultural Resources 

No specific design features or mitigation measures are required to minimize impacts. 

 

2.18 Transportation 

No specific design features or mitigation measures are required to minimize impacts. 
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2.17 Tribal Cultural Resources 
 

2.17.1 Design Features 

 

A Cultural Resources Investigation was completed for the project.  

 

2.17.2 Mitigation Measures 

 

TCR: Inadvertent Discovery of Tribal Cultural Resources - If tribal cultural resources are 

 encountered during construction activities, all onsite work shall cease in the immediate 

 area and within a 50-foot buffer of the discovery location. A qualified archaeologist will 

 be retained to evaluate and assess the significance of the discovery, and develop 

 and implement an avoidance or mitigation plan, as appropriate. For discoveries known 

 or likely to be associated with Native American heritage (prehistoric sites and select 

 historic period sites), the tribes listed in Section 6.2 and those that the County has on file 

 shall also be contacted immediately to evaluate the discovery and, in consultation with 

 the project proponent, the County, and consulting archaeologist, develop a treatment 

 plan in any instance where significant impacts cannot be avoided. Prehistoric materials 

 which could be encountered include obsidian and chert debitage or formal tools, 

 grinding implements, (e.g., pestles, handstones, bowl mortars, slabs), locally darkened 

 midden, deposits of shell, faunal remains, and human burials. Historic archaeological 

 discoveries may include nineteenth century  building foundations, structural remains, or 

 concentrations of artifacts made of glass, ceramics, metal or other materials found in 

 buried pits, wells or privies. 

 

 

2.18 Transportation 
 
No specific design features or mitigation measures are required to minimize impacts. 

 
2.19 Utilities and Service Systems 
 
The project will construct a facility to store water during the wet season and release water during 

the dry season to enhance aquatic habitat, so the project is not expected to cause significant 

negative environmental impacts. The project also includes construction and operation of small 

off-grid energy system to support operations and monitoring. 

 

2.19.1 Design features 
 
Underground lines will also run between the solar panels, control center building, valves, and 

sensors. Impacts that could occur during installation will be primarily associated with ground 

disturbance, which will be localized along the trenches where utilities will be buried. 

 
2.19.2 Mitigation Measures 
 
Impacts will be reduced to a less than significant level by the installation of erosion control BMPs 

and revegetation and other mitigation measures (GEO 1–4) detailed in the Geology section 

above. 

 



   

 

 

Stillwater Sciences 
16 

2.19 Utilities and Service Systems 

The project will construct a facility to store water during the wet season and release water during 

the dry season to enhance aquatic habitat, so the project is not expected to cause significant 

negative environmental impacts. The project also includes construction and operation of small 

off-grid energy system to support operations and monitoring.  

 

2.19.1 Design features 

Underground lines will also run between the solar panels, control center building, valves, and 

sensors. Impacts that could occur during installation will be primarily associated with ground 

disturbance, which will be localized along the trenches where utilities will be buried. 

 

2.19.2 Mitigation Measures 

Impacts will be reduced to a less than significant level by the installation of erosion control BMPs 

and revegetation and other mitigation measures (GEO 1–4) detailed in the Geology section 

above. 

 

2.20 Wildfire 

The project is located in a meadow area and will include the installation and upgrading of access 

roads, hydrants, pond, and buried underground electrical lines.  
 

2.20.1 Design features 

The access roads can serve as fire breaks, which would lessen the risk of fire spread over the 

current condition. The pond and hydrants can be called upon to supply water in the unlikely event 

of a wildfire, which is a significant improvement over the current condition. All onsite utility 

lines will be underground and would not increase the risk of wildfire.  

 

2.20.2 Mitigation Measures 

No specific mitigation measures are required to minimize impacts. 

 

3 MONITORING AND REPORTING 

The Project will be funded through agency and foundation grants that include effectiveness 

monitoring and reporting. Additionally, agency–specific permits will be obtained prior to 

implementation and the Project will comply with all state, federal and county regulations. The 

permittee shall implement the following measures to ensure that the treatments at all Project sites  

will minimize take of listed salmonids, monitor and report take of listed salmonids, and to obtain 

specific information to account for the effects and benefits of the Project.  

1) The Permittee shall notify all agencies (CDFW, Humboldt County, NCRWQCB, 

USACE, NOAA, and USFWS) prior to the commencement of work based on the 

conditions listed in the agency-specific permit. 

2) The Permittee Project Manager shall inspect the work site before, during, and after 

completion of each action item, to ensure that all necessary mitigation measures to avoid 

impacts are properly implemented. 
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3) The Permittee shall perform implementation monitoring immediately after each project 

feature is completed to ensure that projects are completed as designed. 

4) The Permittee shall perform effectiveness/validation monitoring for the project.  

5) Current monitoring forms and instructions used by CDFW for the implementation 

monitoring and effectiveness monitoring are found in the California Salmonid Stream 

Habitat Restoration Manual. Additional monitoring protocols for groundwater and 

streamflow currently not included in the manual but developed by the Permittee, CDFW, 

and consultants will also be used.  

6) The Permittee shall provide reports to all agencies, (CDFW, Humboldt County,      

NCRWQCB, SWRCB, USACE, NOAA, and USFWS) based on requirements of the 

agency-specific permits obtained for the project.  

7) The Permittee shall monitor and maintain the structures or work conducted at a given site 

as per the requirements of agency- specific permits and funding obtained for the project. 
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