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INTRODUCTION 
 
The purpose of this biological assessment is to determine the effects of the proposed annual 
routine and non-routine roads maintenance program’s actions on threatened salmonids and their 
habitats (see Appendix D).  RNSP intends this biological assessment prepared in accordance 
with legal requirements set forth under Section 7 of the Endangered Species Act (19 U.S.C. 1536 
(c)), to satisfy the Essential Fish Habitat consultation under the Magnuson-Stevens Act (16 
U.S.C. 1801) with the National Marine Fisheries Service (NMFS). 
 
CONSULTATIONS WITH NATIONAL MARINE FISHERIES SERVICE (NMFS) 
 

Redwood National and State Parks obtained a list from the Arcata Fish and Wildlife Service 
Office website, identifying the endangered, threatened, and candidate species that may be present 
or may be affected by park activities, dated February 23, 2005 ( Document Number 209695292-
15265).  This list included 23 species currently listed as threatened or endangered and four 
species that are candidates for listing in Humboldt and Del Norte Counties.  Of the 23 species 
listed for the two counties, three federally listed as threatened anadromous fish occur in 
Redwood National and State Parks.  The three anadromous fish are the Southern 
Oregon/Northern California Coasts (SONCC) coho salmon (Oncorhynchus kisutch), the 
California Coastal (CC) chinook salmon (Oncorhynchus tshawytscha)  (formerly part of the 
Southern Oregon/Northern California Coasts ESU for chinook salmon during the original 
consultation for the 1998 BA of Impacts to Aquatic Threatened and Proposed Species from the 
Watershed Restoration Program) and Northern California (NC) steelhead trout (Oncorhynchus 
mykiss).   All proposed actions are located on federal lands within RNSP.   

 
Informal and formal consultation on RNSP annual routine and non-routine road maintenance 
program resulted in a Biological Assessment and Biological Opinion (dated March 4, 2003 Ref. 
No. 151422-SWR-02-AR-6347) on the action.  It was determined the projects proposed under 
the batch may affect, but were not likely to jeopardize the continued existence of SONCC coho 
salmon, CC Chinook salmon, or  NC steelhead, nor is it likely to destroy or adversely modify the 
designated critical habitat of SONCC coho salmon.  The bases for the determination were 1) 
reducing the amount of sediment entering Redwood Creek in the long-term and 2) increasing the 
amount of available spawning and rearing habitat, resulting in increased distribution for SONCC 
coho salmon, CC Chinook salmon, and NC steelhead.  The trigger for reinitiating consultation 
and amending the BA is the need to include Mill Creek Horse Trail Road and Geneva Road for 
consultation coverage. Both roads were not listed in the original BA.  
 

MANAGEMENT DIRECTION 
 
Please refer to the September 26, 2002 BA for a detailed summary of RNSP management 
direction.  
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DESCRIPTION OF PROPOSED PROGRAM 
 
To ensure public and administrative safety, RNSP proposes to implement the Park-wide Routine 
and Non-Routine Road Maintenance Program that provides for safety of Park visitor and 
operation and maintenance of roads in accordance with regulations implementing the Highway 
Safety Act (23 U.S.C. sections 401-410), while also addressing barriers to fish passage, drainage 
diversion, slope failure problems that can potentially result from general road use and preventing 
sedimentation and contaminants from entering stream courses.  
 
Road maintenance activities are often necessary as a result of drainage problems.  Drainage 
structures are constructed in locations to minimize impacts of roads on watersheds.  Most park 
roads are designed and constructed in a manner, which requires regular drainage structure 
maintenance.  
 
In addition to maintaining drainage structures, the proposed actions will allow the Park to meet 
its responsibilities under the Highway Safety Act (23 U.S.C. sections 401-410).  The proposed 
projects will remove obstacles and repair damaged road surfaces, increasing traveler safety. 

 
The proposed projects can be divided into two categories of periodic maintenance or prescribed 

treatments for roads: 1) routine maintenance of the road surface, the cut bank and the fill slope, 
and 2) non-routine maintenance at stream crossings to reduce erosion potential on roads.  The 
work detailed in this proposal is planned to occur over the next 5 years.  At that time, RNSP will 
re-initiate consultation to continue periodic road maintenance. 

 
Routine maintenance 
 
Routine maintenance is a preventive measure to help reduce erosion along roads that are not 

currently scheduled for removal and to provide safe vehicular access to park areas for public and 
park staff.  A negligible amount of erosion is expected during these activities, and the amount of 
road-related erosion will be reduced once the roads are properly maintained.  This work is 
planned to continue until such time as the roads are removed, which may be as much as 20-40 
years from now.  All ground disturbing actions associated with the Program are expected to 
occur between June1 and October 15.  If RNSP determines that a limited amount of actions 
could be implemented after October 15 then RNSP may proceed, in coordination with NMFS, so 
long as work is not initiated if precipitation is anticipated within 48 hours or where saturated 
ground conditions exist.  RNSP will have all erosion control materials necessary to winterize 
each work site within 24 hours for all work occurring after October 14.  RNSP will monitor 
weather forecasts daily after October 14 to determine when wet weather conditions are likely and 
when to cease operations for the year.   

 
The following listed activities incorporate mitigation guidelines as stated in the Project Design 
Criteria for Routine Road and Non-Routine Road Maintenance for Redwood National and State 
Parks. 
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1. Blading - This work consists of surface blading native or aggregate roadbeds to a condition 
to facilitate traffic and provide proper drainage.  Blading includes shaping the crown or slope 
of the traveled way, berms, and drainage dips.  Excess roadbed width shall be shaped only as 
needed to provide drainage away from the traveled way.  The work would be generally be 
accomplished by a motor grader. 

Sidecasting- Sidecasting at times, is unavoidable in many instances when cleaning inboard 
ditches.  Great care will be taken not to sidecast near any stream channel.  When approaching 
a stream crossing, the operator pulls the material on to the road surface and use a loader to 
move the materials offsite.  Redwood National and State Parks eventually will eliminate 
inboard ditches anywhere possible, which will reduce or elminate the need to sidecast.  The 
procedure for blading the actual road surface is different as the operator works the material 
back and forth, retaining as much as possible.  Blading is not performed during periods of 
rain or runoff.  
 

2. Dust abatement – This work consists of applying dust palliatives to native and aggregate-
surfaced roads. A non-petroleum-based product, magnesium chloride, is the material utilized. 
It is a product approved by the Environmental Protection Agency.  The only road in the park 
where this procedure is performed, in the South Operations Access road, which is a .75 mile 
long road. This work would generally be accomplished with a water truck.  To prevent 
impacts to riparian resources, water will be drawn from designated drafting sites with a 
screened intake. 

 
3. Spot surfacing – This work consists of placing surface aggregate as designated.  It includes 

preparing the area, and furnishing, hauling, and placing all necessary materials to blend with 
the adjacent road cross-section.  This work would generally be accomplished with a dump 
truck, motor grader, and a small roller. 

 
4. Asphalt pavement patching – This work consists of patching potholes, skin patching of 

asphalt surfaces, and patching asphalt berms.  Generally this work will be accomplished 
using a grader, dump truck, small paver, and small roller.  A backhoe will be used if the 
damaged area requires digging out.  RNSP has approximately 17 miles of paved road (See 
Maps).  Occasional pothole patching is done on an annual basis, but there is no runoff of 
petroleum base products during this procedure. We have identified several parking lots and 
Alder Camp road to receive an overlay.   The procedure does require tack oil to bond the 
existing pavement with the new, but these projects are only performed during the dry season.  
The equipment utilized by contractors allows for the oil to only be applied on the existing 
surface.   

 
5. Maintenance of unpaved shoulders – This work consists of reshaping unpaved shoulders 

adjacent to a paved traveled way to their original configuration.  This would generally be 
accomplished with a motor grader with attachments.  There will be no sidecasting anywhere 
that there is likelihood that the sidecast material will reach a channel. 

 
6. Ditch maintenance – This work consists of removing rock, wood, soil, and other materials 

and re-shaping all types of drainage ditches to provide a waterway which is unobstructed.  
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During the operation, care shall be taken to retain existing low growing vegetative cover in 
the ditches.  This work would generally be accomplished with a motor grader and/ or 
backhoe.  This activity occurs only during the dry season. 

 
7. Remove and end haul materials – This work consists of loading, hauling, and placing slide 

debris or excess materials (such as rock, soil, and vegetation) to designated disposal sites 
such as old landings.  This work would normally be accomplished with a wheel loader and 
dump truck when excess materials are hauled to a disposal site.  If materials are used to fill 
slumps in the road compaction will be required.  Generally a wheel loader, dump truck, 
compactor, motor grader, and backhoe would be used. 

 
8. Drainage structure maintenance – This work consists of cleaning and reconditioning culverts 

and other drainage structures such as catchbasins, inlet and outlet channels, and ditchline 
transition areas.  Usually accomplished by hand, or in extreme cases, with a backhoe and 
hauled off to a NPS designated areas away from streamcourses.  Work does not include 
cleaning totally plugged culverts or replacing all or part of the drainage structure.   

 
9. Roadway drainage maintenance – This work consists of proving drainage on roads that have 

been physically closed to traffic.  At completion of drainage work the road will not 
necessarily be passable to vehicles. 

 
10. Drainage dip maintenance – This work consists of maintenance of existing drainage dips, 

including rolling dips on native, aggregate, and paved roads, and maintenance of special 
outlet structures to provide for a smooth flow of water from the traveled way.  Generally, this 
work would be accomplished with a motor grader with attachments.  Note:   Dips are 
designed to function only when the culvert plugs or is overtopped.  They may carry minor 
amounts of road surface runoff, which is somewhat unavoidable.  But the full stream flow 
should not run thru the unless there’s culvert/humboldt problems.  

 
11. Vegetation establishment - This work consists of applying seed, and mulch, and planting 

roadways and disposal areas that have been disturbed by maintenance activities.  This work 
would usually be accomplished by hand.  The Park does not use fertilizers in any 
maintenance operation. 

 
12. Cutting roadway vegetation – This work consists of cutting all vegetation, including hazard 

trees, less than 12” in diameter at six inches above the ground in order to improve sight 
distance and provide overhead clearance.  With approximately 180 miles of roadside 
vegetation to maintain this procedure is done on a year-around basis.  This work would be 
performed by hand using chainsaws or with a mechanical brush cutter.  The objective is to 
manage roadside vegetation over time to maintain slope stability through vegetation cover 
while providing for sight distance and drainage needs.  All of the work would occur within 
the road prism.   

13. Windstorm Clearance – This work consists of removing down trees from roadway surfaces. 
This work is intended to open roads closed by minor windstorm debris or other natural 
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occurrences.  The woody debris is collected for park use or put back into the forest.  It is not 
put into any stream channels. 

 
14. Maintenance of cattleguards – This work consists of cleaning and restoring cattleguards and 

appurtenances.  Work would normally be accomplished by hand, although heavy equipment 
may be used to raise the deck grid. 

 
15. Sign Maintenance – This work consists of cleaning, replacing, and reconditioning signs, 

posts and markers. Park Service personnel would normally accomplish this work by hand. 
 
Non-routine maintenance  
 
Paved surface cleaning – this work consists of removing loose material from a paved traveled way, 

including bridge decks and paved shoulders.  Use of hydraulic flushing will not be permitted 
within a horizontal distance of 200 feet of a live stream, unless approved by the Fish and 
Wildlife Branch of RNSP.  Other cleaning should be accomplished using power broom or 
blowers, truck with rock blade, and grader.  Note- Hydraulic Flushing occurred only twice in the 
past ten years as a last ditch effort to unplug culverts.   

 
Culvert Replacement/Upgrading 
 
Each stream crossing on all roads not currently scheduled for removal will be evaluated for erosion 

control needs and treated as appropriate to reduce future erosion.  The options include replacing 
or repairing culverts, installing arch culverts, installing additional culverts, constructing rolling 
dips and removing completely.  This work will help minimize erosion until such time as these 
roads can be removed. 

 
This work includes the removal of existing undersized, leaking or worn out culverts.  Culverts will 

be replaced and additional culverts will be installed where needed and none now exist.  Old 
culverts and any buried woody debris will be removed, exposing the original channel bed.  The 
size of the excavation will vary depending on the size of the culvert and the amount of woody 
debris found in the fill.  The sizing of a new culvert will be based on hydrologic modeling of the 
watershed, stream size, stream gradient (see Figure 1) and estimated 100 year cfs.  A new culvert 
would be set below stream grade to allow stream bed material settle out in the culvert bottom.  
The new culvert shall be installed to maintain a uniform flow line from inlet to outlet channel.   
The backfill is compacted around the pipe using vibratory compaction equipment. Culverts at 
locations requiring dewatering and have fish passage issues will be replaced under the non - 
routine maintenance portion of this BA and will be required meet NMFS “Guidelines for 
Salmonid Passage at Stream Crossings.  Additional fill is added to bring the road up to grade.  
Where appropriate, a rolling dip may be incorporated into the reconstruction of the crossing.  
Backhoes, excavators, bulldozers, loaders, dump trucks and compaction equipment will be used. 
Rolling dips are basically a large, gently sloped waterbar constructed at or just down slope (along 
the road) from stream crossings.  In the event of drainage structure failure, the rolling dip directs 
the stream flow across the road and back into its natural flow course. Rolling dips are not 
installed on an annual basis.  Rolling dips are installed to prevent mass wasting where there is a 
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risk of culverts and humboldt crossing plugging up on non-public roads.  If funding was not an 
issue, the Park could conceivably replace a large number of culverts through multiple contracts. 
Because of noise restrictions, the Park, realistically could only replace and/or 10 to 15 culverts or 
rolling dips per year. 
 
 Culverts presently schedule for replacement that may have listed fish issues directly or indirectly 
are as follows: 
 
2003 – Off-Highway, Cloquet, Miller, Cole, Streelow and 44 Creek 
2004 – Bridge and Streelow Creek 
2005 – Bridge, McArthur and Mill 
2006 –Tom McDonald 
2007 – Lost Man 
 
Methods for Replacing and Upgrading Culverts 
 
Stream crossing excavations to replace and/or upgrade culverts (see Figure 1 & 2) involve the 
removal and disposal of road (crossing) fill, culverts, and organic debris from a stream channel.  
If the crossing has water flowing, it will be diverted around the worksite.  Small trees  
and vegetation are removed from the work area and stocked piled. Fill is removed by an excavator 
and either hauled by truck or pushed by a dozer to a site where the woody debris can be separated.  
All logs or Humboldt crossings are removed and every attempt is made to install the new pipe on 
the original stream channel.  The new culvert will be sized to meet a 100-year event is then installed 
with a flared inlet.  The outlet is placed beyond the fill site as much as possible.  Rock riprap is 
placed at the outlet to dissipate water and prevent erosion during heavy flows.  Material from the 
site that is reusable is then compacted around the culvert.  If there is not a sufficient amount of 
reusable material, clean ¾ minus gravel is purchased and hauled to the site.  The material is 
compacted in one-foot increments utilizing a whacker packer and a sheepsfoot.  After the 
compaction is complete, the site is mulched with preferably a rice straw and vegetation that has 
been stock piled is spread across the site.  The same process would take place for a “culvert 
upgrade”.  During a culvert replacement, any banks upstream of the inlet which pose a threat of 
collapsing and depositing sediment, will be excavated to a 2:1 slope. 
 
The large woody debris that was uncovered during excavation will be placed near the restored 
channel area providing both sediment control and habitat complexity.  Bare soils adjacent to live 
channels will be treated for surface erosion as prescribed in the Watershed Restoration Erosion 
Control and Monitoring Plan (Klein et al., 2002). 
 
 



 
 

8 

 
 
 
Newly placed culverts may experience minor adjustments, mostly during the first winter 
following excavation and placement.  The remaining road fill, wedged in the interstices of the 
original stream bed may be mobilized; small portions of channel sidebanks may settle or slide; 
the original channel bed armor may adjust in response to the logging slash up and downstream of 
the excavation site; decaying logging slash or natural organic debris may collapse, causing a 
small chain reaction up and downstream; etc.   
 
Project Design Criteria to Minimize Impacts to Threatened Salmonid Species for Routine 
Road and Non-Routine Road Maintenance for Redwood National and State Parks. 
 
Applicable to All Actions 
 
1. All non-emergency project work will be completed during the normal operating season  

(NOS), that is, between June 1 and October 15 of each year.  If more than 0.5 inches of rain 
is forecast during the dry season,  project operations will temporarily cease and sites will 
be winterized.  If periods of dry weather are predicted outside of the NOS, additional small 
work items may be done, if they can be completed within the window of predicted dry 
weather.  Only those repairs needed to reduce risks from active erosion will be undertaken 
outside of the NOS, in coordination with NMFS. 

 
2. Equipment, both hand tools and heavy equipment, will be inspected daily to check for leaks.  

Equipment that may leak lubricants or fuels into a drainage will not be used until leaks are 
repaired.  All equipment will be stored, serviced and fueled outside of Riparian Reserves and 
away from stream crossings.  Heavy equipment will be cleaned (e.g., power washed, steam 
cleaned) prior to use below the ordinary high water mark.   

 
3. A spill plan and materials for spill containment will be available to onsite personnel and all 

personnel shall know how to use them.  In the event of a spill, work shall be stopped 
immediately, clean up shall begin and the appropriate authorities will be notified. 

 
 
4. Petroleum products, chemicals, fresh cement, deleterious materials, or water contaminated by 
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the aforementioned shall not be allowed to enter flowing waters. 
 
5. Disruption of natural hydrologic flow paths, including diversion of streamflow and 

interception of surface and subsurface flows, shall be minimized. 
 
6. Adequate erosion control supplies (gravel, straw bales, shovels, etc.) shall be kept at all 

construction sites and during all maintenance activities to ensure materials are kept out of 
water bodies. 

 
7. Sediment delivery to streams from roads shall be minimized.  Outsloping of the roadway 

surface is preferred, except in cases where outsloping would increase sediment delivery to 
streams or where outsloping is unfeasible or unsafe.  Road drainage shall be routed away 
from potentially unstable channels, fills, and hillslopes.  Sidecasting shall be restricted as 
necessary to prevent the introduction of sediment into streams. 

 
8. Vegetation trimming or removal conducted in Riparian Reserves will be completed in such a 

fashion as to not retard attainment of Aquatic Conservation Strategy (ACS) objectives.  
Specifically: (1) Downed woody material in Riparian Reserves will not be removed and will 
be moved only to the extent necessary to provide for safe road use. (2) Conifers exceeding 
twelve inches in diameter will not be cut from Riparian Reserves unless it is absolutely 
necessary for safe use of the road segment.  If a conifer exceeding twelve inches diameter 
must be cut, it may not be moved from the Riparian Reserve or stream corridor without 
review from a fishery biologist. 

 
Routine Road Maintenance 
 
 
1. Diesel will be eliminated as a releasing or cleaning agent and environmentally sensitive 

cleaning and releasing agents will be used during surface work. 
 
2. Water drafting will be conducted only at sites approved by a fisheries biologist.  Operations 

are restricted to one hour after sunrise to one hour before sunset.  Streams and pools shall be 
used where water is deep and flowing, as opposed to streams with low flow an small isolated 
pools.  Vehicle approaches will be inspected by agency personnel or designee to insure 
damage to riparian areas is minimized.  

 
3. Each pumping operation shall use a fish screen.  The screen face should be oriented parallel 

to flow for best screening performance.  The screen shall be designed and used such that it 
can be submerged with at least one-screen-height-clearance above and below the screen.  
Pumping rate shall not exceed 350 gallons per minute and shall not exceed 10 percent of the 
stream flow.  Operators shall keep a log on the truck containing the following information: 
Operators Name, Date, Time, Pump Rate, Filling Time, Screen Cleaned (Y or N), Screen 
Condition, and Comments.  These guidelines should be included as instructions in a logbook 
with serially numbered pages.  This assures each truck operator easy access to this 
information. 
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4. Dust palliatives will never be applied during rain, and requires a clear 2 day forecast 
following the projected completion of application.  During preparation for application of dust 
palliatives, gravel berms will be constructed at the low shoulders of the roadway to inhibit 
liquid palliatives from entering waterbodies. Methods of materials shall be applied in a 
matter that is not detrimental to either water or vegetation.  A 1-foot buffer zone on the edge 
of gravel will be used if the road width allows.  Adequate spill protection will be carried on 
trucks during application.  Environmentally sensitive cleaning agents will be used. 

 
5. The use of chlorides and lignins should be restricted within 8 meters (25 feet) of body of 

water.  In areas of shallow groundwater determine if significant migration of the chloride 
would reach the groundwater table.  Palliatives containing petroleum should not be applied 
within riparian zones. 

 
6. Material removed from a ditch will be disposed of outside of any waterway or wetland.  

Erosion control devices such as check dams, silt fences, and other acceptable techniques, 
shall be used when the potential exists to have sediment or other materials entering 
waterbodies.  Drainage ditches and steep slopes shall be reseeded with native plants. 

 
7. Chip Seal (Asphalt Emulsion) will not be applied in a manner that will create runoff or 

product delivery into streams.  Chip Seal will not be applied during rain and requires a clear 
2 day forecast following the projected completion of application.  Treated surfaces will not 
be washed. 

 
Non-routine Road Maintenance 

 
1. Any disturbed ground must receive appropriate erosion control treatment (mulching, seeding, 

planting, etc.) prior to the beginning of the wet season.  Operations will use all feasible 
techniques to prevent any sediment from entering a drainage system. 

 
2.  Fine sediment cleaned out from the inside of culverts shall be removed to an upland 

location, where it cannot enter stream networks or road drainages that are hydrologically 
connected to a stream, and stabilized. 

 
3.  For each stream crossing replacements, and rolling dip installations, disturbance to Riparian 

Reserves will be minimized.   Materials used for culvert replacements, or creating rolling 
dips must minimize the possibility of introduction of fine sediment or toxins into the drainage 
system.   

 
4.  New culverts, and other stream crossings shall be constructed to accommodate at least the 

100-year flood, including associated bedload and debris.  Priority for upgrading will be based 
on the potential impact and ecological value of the riparian resources affected.  Fish passage 
shall be provided and maintained at all road crossings of existing and potential fish-bearing 
streams in a minor which meets NMFS standards and guidelines.  Crossings will be 
constructed and maintained to prevent diversion of streamflow out of the channel and down 
the road in event of a crossing failure. 
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5. Culvert replacements will be conducted only during times of low streamflow but prior to 
upstream migration of adult anadromous salmonids.  The streamcourse shall not be 
dewatered when eggs or alevins are present.  Replacement activities will avoid, to the 
maximum extent feasible, removal of any riparian vegetation.  Temporary low water 
crossings will be designed, and inspected daily, to insure fish passage.   

 
6.  Streamflow, on all live streams, must be diverted around culvert construction sites.  The 

diverted flows shall be returned to their natural streamcourse as soon as construction is 
complete and prior to the rainy season.  Any wastewater from project activities and de-
watering is disposed of off-site in a location that will not drain directly into a stream channel 
or carry sediment ladened water into a stream channel. Installation of hay bales and silt 
fences will be completed before flow is restored to its natural stream channel.  All disturbed 
areas shall be winterized as well as stabilized prior to the rainy season and as needed and 
shall be restored to pre-work conditions.  Note:  Presence of alevins or eggs will be 
determined by a RNSP Fishery Biologist prior to dewatering. 

 
7. Listed salmonids that would be in the area under construction shall be removed prior to and 

during stream flow diversion and dewatering and relocated to a suitable instream location 
immediately up or down stream of the work area.  This will be done by RNSP a Fishery 
Biologists by using an electroshocker and netting methods.  RNSP Fishery Biologists will 
follow NMFS guidelines.  All efforts shall be taken to neither exhaust nor kill listed 
salmonids during collection and relocation. 

 
8. Effective erosion control measures shall be in place at all times during construction 

activities.  Construction within the 5-year floodplain does not begin until all temporary 
erosion controls (e.g., straw bales, silt fences that are effectively keyed in) are in place, 
downslope of project activities within the riparian area.  Erosion control structures 
shall be maintained throughout, and possibly after, construction activities.  Sediment 
shall be removed from sediment controls once it has reached on-third of the exposed 
height of the control.  Whenever straw bales are used, they shall be staked and dug into 
the ground 12 cm.  Catch basins shall be maintained so that no more than 15 cm of 
sediment depth accumulates within traps or sumps. 

 
9. Culvert and dip construction shall take place from the bank, if possible, or on a temporary, 

removable pad underlain with filter fabric. 
 
 
 
 
Annual Reporting of Affects 
 
RNSP will report annually, in writing, to identify the amount of work accomplished under this 
programmatic consultation and provide information that may reduce the amount of incidental 
take authorized by a biological opinion.   A brief report will be provided to NMFS by the end of 
the January following project completion, listing the miles of road treated, the number of stream 
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crossings treated, and the number of those stream crossings that carried significant stream flow 
during excavation.  
 
STATUS AND DISTRIBUTION OF LISTED FISH SPECIES 
 
1.  Coho Salmon (Onchorynchis kisutch) Threatened  
 
Coho salmon were historically distributed throughout the North Pacific Ocean from central 
California to Point Hope, Alaska, through the Aleutian Islands, and from the Anadyr River, 
Russia, south to Hokkaido, Japan (USDI 1997a).  The species probably inhabited most coastal 
streams in Washington, Oregon and northern California.  
 
Coho salmon have shown substantial decreases throughout their range (Konkel and McIntyre 
1987).  In the U.S. Pacific Northwest, they are now extinct in the eastern half of their former 
range, and badly depleted over most of the western half  (Frissell 1993).  At least 33 populations 
have been identified by agencies and conservation groups for being at moderate or high risk of 
extinction.  Overall a geographic trend for the West Coast Coho salmon stocks has developed 
with the southernmost and easternmost stocks in the worst condition.  In California, including 
hatchery stocks, current abundance could be less than 6% of estimates for the period 1940 to 
1949.  Populations now are at least 70% lower than during the 1960s (CDFG 1994).  Two 
contiguous ESUs including the southern Oregon/northern California ESU (where RNSP is 
located) of coho salmon were designated as threatened (USDI 1997a). 
 
The anadromous fish populations of Redwood Creek have experienced a substantial reduction 
during the last 30 years, in part due to severe flood events that moved large amounts of sediment 
from highly eroded hill slopes to the stream channels of the Redwood Creek basin.  Current fish 
runs are far below those that occurred 70-80 years ago.  News accounts and recollections of 
longtime residents of the Redwood Creek watershed suggest that both the size and numbers of 
salmonids have declined in recent decades (Van Kirk 1994).  The total population in the 
Redwood Creek system may still number more than 2,000 adult coho, but most occur in the 
Prairie Creek drainage and probably originate from the Prairie Creek Hatchery (D. Anderson 
field notes).  With the closure of the hatchery in 1992, those numbers are probably now much 
lower. 
 
After hatching, juvenile coho salmon generally spend one full year rearing in freshwater before 
entering the ocean.  Downstream migration of coho to the ocean from upstream Redwood Creek 
rearing areas occurs in early spring (March-April).  Survey data from RNSP indicate that these 
young salmon presently move directly into the ocean, spending a minimal amount of time in the 
Redwood Creek Estuary (Anderson 1995).  Adult migration through the Redwood Creek estuary 
is dependent upon the mouth being open to the ocean.  Whether or not the mouth is open 
depends on a combination of wave action on the sand berm, the volume of water in the estuary, 
and the flow of water in the stream.  Adult coho typically run upstream to spawn from late 
October to early March depending on access through the estuary (Anderson 1995).  Recent data 
suggest that the peak of the spawning run begin in late November (Anderson 1998). 
 
Coho salmon distribution in the Redwood Creek basin is limited (see Appendix) to the mainstem 
and the larger low gradient tributaries.  The park conducted general stream surveys of the basin 
in 1980 and 81 to describe and characterize the salmonid rearing habitat and distribution of 
juvenile salmonids (Anderson 1988, Brown 1988).   Migration barriers were identified during 
these surveys.  No coho were found during these early electrofishing surveys above the barriers.  
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However, subsequent surveys in the 1990’s have detected coho in streams that did not have coho 
in 1980-81.  Whether these barriers still exist, have changed to allow fish passage, or new 
barriers have been created is unknown.  Based on these data, RNSP has estimated that coho can 
be found occupying 26 miles of stream within the Lower Redwood Creek Basin  (RNSP unpub. 
data).  
 
Coho Critical Habitat 
 
Critical habitat is defined in Section 3(5) A of the Endangered Species Act as “…the specific 
areas within the geographical area occupied by the species… on which are found those physical 
or biological features (a) essential to the conservation of the species and (b) which may require 
special management considerations or protection”.  In designating critical habitat NMFS 
considers habitat elements and conditions required for all life stages of the species.  In addition, 
NMFS also focuses on the known physical and biological features (primary constituent elements) 
within the designated areas that are essential to the conservation the species.  These essential 
features may include, but are not limited to, spawning sites, food resources, water quality and 
quantity, and riparian vegetation.  Structurally complex streams containing stones, logs, brush, 
and aquatic macrophytes support larger numbers of rearing coho juveniles (Scrivener and 
Andersen 1982) than do streams that lack these structural features. 
 
In southern Oregon and northern California, NMFS has designated critical habitat for this ESU 
between Cape Blanco, Oregon and Punta Gorda, California.  The critical habitat unit is all stream 
and estuarine reaches accessible to the species and includes water, substrate, and the adjacent 
riparian zone.  Accessible reaches are those within the historical range of the ESU that can still 
be occupied by any life stage of coho.  The adjacent riparian zone is the area that provides shade, 
sediment transport, nutrient or chemical regulation, streambank stability, and input of large 
woody debris or organic matter.  Habitat quality in this zone is related to the quality of riparian 
areas, upland areas and inaccessible or headwater or intermittent streams that provide key habitat 
elements, such as large woody debris and gravel, that are crucial for coho in downstream reaches 
(USDC 1999b).  Thus, the width of the riparian zone included as critical habitat is variable 
depending upon consideration of these factors. 
 
2.  Chinook salmon  (Oncorhynchus tshawytscha) Threatened 
 
Chinook salmon populations have declined along the Pacific coast to the degree that certain 
evolutionarily significant units (ESUs) were listed as threatened by the National Marine Fisheries 
Service (NMFS) under the Endangered Species Act  (USDC 1999a).  Based on the best 
biological and commercial information available NMFS identified 19 ESUs from populations in 
Washington, Idaho, Oregon, and California.  Genetic data were the primary evidence considered 
for the reproductive isolation criterion, supplemented by inferences about barriers to migration, 
human-induced changes resulting from artificial propagation, and harvest.  Chinook salmon 
historically ranged as far south as the Ventura River, California, and north as far as the Russian 
Far East (USDC 1999a and citations therein). 
 
Chinook typically return from the ocean to rivers, larger streams, and larger tributaries to spawn 
between November and early January. Winter-run chinook constitutes the main chinook runs in 
park streams.  These fish begin their upstream migration around November, if access through the 
Redwood Creek estuary is possible, and have spawned and died by January.  Adult spring-run 
chinook were observed in only one season since 1981, when the park began summer steelhead 
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surveys, but are not typically considered to use the Redwood Creek watershed.  Stream barriers 
may impede Chinook salmon spawning in the RNSP tributaries, but they may be able to 
surmount some barriers that may impede the smaller coho salmon. 
 
 In spring, chinook salmon fry migrate downstream to rear in the Redwood Creek estuary before 
entering the ocean in the fall.  Reimers (1973) documented the role estuary play in fall chinook 
salmon production.  From scale analysis of spawning fall chinook, he determined that the 
majority of returning adults spends June, July, and August as juveniles within the estuaries 
before completing their seaward migration.  His investigations determined that juvenile chinook 
spending less than three months in the estuary seldom returned to spawn in the natal stream.  
Reimers (1973) concluded that these fish did not survive as well in the ocean as the fish that had 
spent three months in the estuary.  Apparently a survival advantage was conferred upon the fish 
that remained in the estuary and grew to a larger size before entering the ocean.  Chinook salmon 
usually return to freshwater after three to four years in the ocean, although two year old male 
spawners are commonly observed.   
 
Juvenile chinook salmon in Redwood Creek do not spend time rearing in upstream areas 
(Anderson and Brown 1982), but instead, utilize the Redwood Creek estuary. Thus, the Redwood 
Creek estuary is important as the sole rearing habitat for chinook salmon in the park.  Park 
research shows that if given the opportunity the juveniles will spend an extended period (to late 
summer) rearing in the estuary before entering the ocean. Prior to 1978 most young chinook 
salmon were released from Prairie Creek Fish Hatchery in the early spring.  These were fish 
hatched from eggs taken only four or five months earlier.  Capturing sufficient numbers of 
chinook to obtain their eggs was difficult because of the low numbers of returning adult fish.  
The low numbers of returning adult chinook salmon, a species that relies totally on the estuary 
during its brief juvenile freshwater rearing period, are probably related in part to the summer/fall 
conditions in the Redwood Creek estuary.  Construction of the flood control project in the 
estuary has resulted in degraded rearing habitat.  Winter spawning/carcass counts in RNSP 
continue to indicate low numbers (D. Anderson pers. comm.). 
 
Chinook Critical Habitat 
 
Critical habitat is defined in Section 3(5) A of the Endangered Species Act as “…the specific 
areas within the geographical area occupied by the species… on which are found those physical 
or biological features (I) essential to the conservation of the species and (II) which may require 
special management considerations or protection”.  In designating critical habitat NMFS 
considers habitat elements and conditions required for all life stages of the species.  In addition, 
NMFS also focuses on the known physical and biological features (primary constituent elements) 
within the designated areas that are essential to the conservation of the species.  These essential 
features may include, but are not limited to, spawning sites, food resources, water quality and 
quantity, and riparian vegetation (USDC 2000).  Riparian areas form the basis of healthy 
watersheds; they are essential to the conservation of the species.  Vegetation in the riparian zone 
shades the stream, stabilizes banks, and provides organic litter and large woody debris.  
Additionally, the riparian zone plays a significant role in nutrient recycling, stream hydraulics, 
and controlling microclimate (FEMAT 1993). 
 
In RNSP, NMFS has designated the Redwood Creek basin as critical habitat for this ESU.  The 
critical habitat unit is all stream and estuarine reaches accessible to the species and includes 
water, substrate, and the adjacent riparian zone.  Accessible reaches are those within the 
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historical range of the ESU that can still be occupied by any life stage of chinook.  The adjacent 
riparian zone is the area that provides shade, sediment transport, nutrient or chemical regulation, 
streambank stability, and input of large woody debris or organic matter (USDC 2000).  The 
width of the riparian zone considered critical habitat is variable depending upon the channel 
type. For example, constrained reaches could include a one site-potential tree height zone 
whereas a braided or shifting channel could include a zone consisting of the entire floodplain.  In 
any case, riparian zones considered critical habitat must be wide enough to allow riparian 
processes to occur (Spence et al. 1996). 
 
3.  Steelhead (Oncorhynchus mykiss) Threatened  
 
Historically, steelhead were distributed throughout the North Pacific Ocean from the Kamchatka 
Peninsula in Asia to the northern Baja peninsula.  Presently, the distribution extends from the 
Kamchatka Peninsula, east and south along the Pacific Coast of North America, to at least 
Malibu Creek in southern California.   Steelhead likely inhabited most coastal streams in 
Washington, Oregon and California as well as many inland streams in these states and Idaho. 
 
During this century, over 23 indigenous, naturally reproducing stocks of steelhead are believed 
to have been extirpated, and many more are thought to be in decline in numerous coastal and 
inland streams in Washington, Oregon, California and Idaho.  Forty-three stocks have been 
identified by as being at moderate or high risk of extinction.  Steelhead have recently been listed 
as endangered in two ESUs and threatened in four ESUs.  The Northern California ESU falls 
within the boundaries of RNSP. 
 
Steelhead are found in most small order, high gradient tributaries to Redwood Creek.  They are 
able to leap above barriers that might impede coho salmon (D. Anderson pers. comm.). Whether 
logjams are barriers to movement depends upon stream dynamics such as the size of the logjam 
and the stream discharge as well as the timing and duration of the steelhead migration. These 
events change from year to year. 
 
Steelhead are the last of the anadromous salmonid species to return to freshwater in the annual 
cycle, generally between January and April.  Juveniles rear in the streams for one to four years 
before their downstream migration to the ocean.   The majority of juvenile steelhead in Redwood 
Creek spend their second year of life in the estuary and lower part of Redwood Creek (Anderson 
1988).   They reside in marine waters typically for two or three years prior to returning to the 
natal stream to spawn.  Unlike other pacific salmon, steelheads are capable of spawning more 
than once before they die. 
 
RNSP began summer steelhead surveys in 1981 and survey data indicate a continuous decline.  
Forty-four adult fish is the highest total number observed during summer surveys of portions of 
the mainstem of Redwood Creek.  No adult fish were seen in 1989.  No other park streams in the 
Redwood Creek basin have been surveyed for summer steelhead; these streams do not have 
pools large enough to support fish during the warm summer months. 
 
Winter steelhead numbers are much higher.  Juvenile steelhead are the most common and widely 
distributed fish in the Redwood Creek basin.  During sampling efforts in the summers of 1980   
and 1981, steelhead occurred in 57 of the 111 tributaries surveyed. 
 
EXISTING ENVIRONMENT 
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The Redwood Creek watershed drains a 280-square-mile watershed in the mountainous, coastal 
region of northwestern California.  The creek begins near an elevation of 5,000 feet and flows 
northwest for 55 miles until it empties into the Pacific Ocean near Orick.  The watershed is 
characterized by high relief, steep unstable slopes, and narrow valley bottoms.  Average basin 
shows evidence of past or present mass movement (U.S. Department of the Interior, Geological 
Survey [USDI, GS] 1976b).  The mouth of Redwood Creek is located 2.5 river miles west of 
Orick, California.  Downstream from its confluence with Prairie Creek, Redwood Creek flows 
westerly through a widening valley to the ocean.
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Estuary 
 

The estuary at the mouth of Redwood Creek (shown below) is degraded because flood control 
levees bisect the estuary.  The 1968 construction of the U.S. Army Corps of Engineers flood 
control project (levees and channelization) drastically altered the aquatic resources of the lower 
3.4 miles of Redwood Creek and estuary.  It impaired the physical and biological functions of the 
estuary and adjacent wetlands, and confined the river channel to a width of 300 feet.  
Construction of the levees removed streamside riparian and tree cover, reduced adjacent 
wetlands, altered valley drainage patterns, decreased instream woody debris structures, and 
reduced pool depths along lower Redwood Creek.  The flood control levees bypassed and 
isolated the last downstream meander of Redwood Creek, reduced circulation into the south and 
north sloughs, and contributed to an increase in ocean derived sedimentation.  Approximately 50 
percent of the lower estuary has filled in with ocean derived sediment and/or become isolated 
from the embayment since the levee project was completed.  The reduced circulation between 
the sloughs and embayment has resulted in degraded water quality conditions in both sloughs.  
These conditions affect the salmon and trout rearing in the lower river and estuary.  A degraded 
estuary acts as a bottleneck to fish production and affects subsequent fish ocean survival and 
their eventual return as spawning adults.  Three of the four salmonids occurring in Redwood 
Creek, chinook and coho salmon, and steelhead trout, are federally listed as threatened species.  
The fourth, coastal cutthroat trout, though not warranted for listing in its initial review, will 
probably be listed in the future.  The estuary and Redwood Creek are listed as critical habitat. 
 
Besides the levees’ effects of reducing fish habitat area and water depth, and degrading water 
quality in the estuary, continual levee maintenance, the removal of riparian vegetation and gravel 
negatively affect fish and wildlife habitat and water quality of lower Redwood Creek.  The 
increased sediment load from upstream private lands has negatively affected the estuary, its 
aquatic resources, wetlands and riparian vegetation. 
 
In most years, a sand berm closes off the mouth of the creek in the summer and fall and causes 
the water to rise within the estuary.  Uncontrolled breaching of the berm which lowers the 
estuary water levels and drains the embayment, not only decreases salmonid habitat, but can 
prematurely entrain juvenile salmonids into the ocean where their survival rate may be lower 
than in the estuary.  It occurs in at least two forms; when the estuary water level is purposely 
lowered to prevent flooding of adjacent private agricultural lands; and when the berm breaches 
naturally.  Prior to construction of the flood control levees, uncontrolled breaching (human 
caused or naturally occurring) of the berm was not as devastating to the salmonid population as it 
is today.  The north slough and the deep water area next to the rock headland provided a rearing 
area for juvenile fish that was not as greatly reduced in volume by breaching.  
 
Since 1980, the Park has implemented a research and monitoring program in order to document 
and understand the nature and extent of estuary degradation and to study physical and biological 
aspects of the estuary.  Research has focused on: (1) determining changes in water quality during 
the summer and fall periods; (2) determining and comparing present patterns of inundation, 
seasonal morphological changes, and sediment sources with historic information, and; (3) 
determining fish abundance, distribution and seasonal timing within the estuary. 
 
 
 

 Temperature Logger

 Water Elevation  gage
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Figure 1. Map of the Redwood Creek Esturary, Humboldt County, California, including the embayment, north and 
south sloughs, and loctatio of water elevation gages and temperture logger. 

Geology 
 
The Redwood Creek basin is underlain by rocks of the Franciscan assemblage, which is a 
Mesozoic to early Cenozoic accumulation of weakly indurated and pervasively sheared 
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continental margin deposits which are highly susceptible to fluvial erosion and mass wasting.  
The Grogan Fault, expressed as a well-defined, NNW-trending lineament, roughly bisects the 
basin and juxtaposes unmetamorphosed and slightly metamorphosed clastic sedimentary rocks to 
the east against metamorphic schistose rocks to the west.  Tributary streams are nearly equally 
divided between those draining sedimentary rocks and those draining meatamorphic rocks.  They 
have high infiltration capacities but possess little cohesion and very low shear strength. 
 
The course of Redwood Creek is structurally controlled by the Grogan Fault and the unusually 
elongate geometry of the basin is a strong reflection of this.  As a result, there are no major 
tributary forks to Redwood Creek and only a few tributaries are larger than the majority.  In all 
there are 74 tributary basins drained by second order or higher streams flowing directly into 
Redwood Creek.  Most tribuatries are characteristically low order, high gradient streams draining 
small watersheds.  Their channels are, in general, deeply incised and have narrow, discontinous 
flood plains.  Average stream gradients range from .05 to .30 meters/meter.  Average hillslope 
gradients within the basins range from .25 to .35 maters/meter.  Topographic relief and average 
stream gradient is greater in tributaries draining the eastern portion adjacent to channels and 
more moderate gradients at middle and upper slope positions.  This incised inner valley is 
particularly susceptible to mass wasting by shallow debris slides and debris avalanches.  
 

Roads 
 

Roads are a major cause of accelerated erosion (Kelsey and others, 1981b; Hagans and Weaver, 
1987; Best and others, 1995).  The erosion potential of roads is related to maintenance, location, 
and design (Janda and others, 1975; Best, 1984; Klein, 1987).  Common erosion problems 
associated with roads include washouts and stream diversions at stream crossings, mass wasting 
of unstable fills and oversteepened cutbanks, and interception of surface and subsurface water by 
cutbanks and inboard ditches. 
 
About 1,200 miles of forest roads and 5,400 miles of skid trails were built within the Redwood 
Creek watershed as of 1978 (Best, 1984).  About 445 miles of roads and 3,000 miles of skid 
trails (Steensen and Spreiter, 1992) were included within present park boundaries as a result of 
park expansion in 1978.  In addition, about 20 miles of state highway and county roads cross the 
watershed, including several miles of abandoned state highway. 
 
The logged areas included within the park in 1978 and private timberlands upstream of the park 
had similar road densities in 1978.  Since that time, watershed restoration efforts have reduced 
road miles within the park while timber harvesting and residential construction have increased 
road miles upstream. 
 
Roads upstream of the park boundary as of 1992 totaled about 1,110 miles, based on analysis of 
aerial photographs.  About 66% of these road miles were constructed before 1964, 14% were 
constructed between 1964 and 1978, and 20% were constructed between 1978 and 1992 (fig. 9).  
Most of the upper- and middle-basin road network, therefore, was built before enactment of 
current forest practice rules as amended in 1983 that required new roads to be built without 
potential to divert streamflow.. 
 
Of the total 1,110 miles of roads upstream of the park, about 340 miles were determined to be 
unmaintained and abandoned as of 1992.  Another 180 miles were classified as unmaintained but 
still driveable.  Almost half of the road network is therefore unmaintained in the upper basin.  
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These unmaintained roads are more likely than the maintained roads to fail during a large storm 
as a result of plugging and rusting of culverts, rotting of organic debris, and diversion of 
groundwater and streamflow. 
 
Road locations particularly susceptible to failure include steep (>65%) hillslopes on erosion-
prone bedrock and soil.  About 75 miles of road in the upper basin were constructed on slopes 
greater than 65%.  Of these, about 50 miles are in inner gorge areas adjacent to stream channels, 
where the impacts of failures are most serious.  Roughly 335 miles of the road network upstream 
of the park were constructed on unstable bedrock units such as the incoherent unit of Coyote 
Creek and the sandstone and melange unit of Snow Camp Mountain.  About 180 miles were 
constructed on soils units particularly susceptible to landslides and fluvial erosion. 
 
Based on records of Timber Harvest Plans (THPs) filed for commercial timber lands in the the 
Redwood Creek watershed, 127 miles of new and 111 miles of rebuilt roads were used for 
logging within THP units between 1978 and 1992 (table 3).  In addition, 236 miles of existing 
roads were used for access and hauling.  Rebuilt roads therefore represent almost one-quarter of 
total logging road mileage used during this period.  Although some roads may have been 
classified as “rebuilt” owing to vegetation encroachment, this classification was commonly used 
to denote roads that required earthmoving to be made driveable.  The high proportion of roads 
that required rebuilding suggests that road failures have been frequent.  Roads and skid trails 
used for timber harvest during this period included over 1,400 stream crossings (table 4).  Most 
of these were on small headwaters (Class III) streams, and many required rebuilding. 
 
Under the current FPR’s, logging haul roads are likely to remain a significant source of sediment 
during future large storms because the FPR’s cease to apply once logging has been completed 
and the logged area has met conifer stocking requirements.  The current maintenance period for 
roads and erosion-control structures is based primarily on the time required to complete the 
harvest operation.  Typically, road maintenance is required for a period of two to four years: one 
to three years during the harvest operation plus one year following harvest for stocking.  As a 
result, long-term maintenance of roads,culverts and erosion-control structures has been rare.  
Unless planned road abandonment and construction of temporary roads (that is, the intentional 
construction of roads that will be treated to reduce erosion after timber harvests are completed) 
are encouraged or required by the FPR’s, perhaps through a more rigorous assessment of 
cumulative watershed impacts, roads will remain a significant source of sediment during future 
large storms. 
 
A new section of U.S. Highway 101 was constructed partially within the Prairie Creek watershed 
between 1985 and 1992 (fig. 1).  This highway section, known as the Redwood Park bypass, has 
caused substantial sediment delivery to tributaries of Prairie Creek (Meyer, 1994).  The most 
notable impacts occurred during a heavy rainstorm in October, 1989.  Suspended-sediment loads 
of Prairie Creek and its tributaries increased as a result (Meyer and others, 1994).  Park staff are 
currently monitoring streamflow, sediment transport, and aquatic habitat conditions at several 
locations downstream of the bypass. 
 
During bypass construction, about 350,000 tons of gravel were removed from the channel of 
Redwood Creek near Orick for highway construction.  Bed elevations between the flood-control 
levees lowered by roughly 1.5 feet as a result. 
 
Timber Harvest 

 



 21 

Logging for ship’s masts began as early as the 1850’s, but commericial harvesting to supply 
markets outside the local area started in the 1930’s.  Early logging operations were clearcuts.  
Yarding was done with steam donkeys, and logs were transported by rail. 
 
Large-scale logging began after the Second World War, when both tractors and gasoline-
powered chain saws became widely available, and when the expanding post-war economy 
created a high demand for lumber (Janda and others, 1975).  Logging during the 1950’s was 
generally done by selective cutting, but clearcutting became the dominant silviculture in the 
1960’s as timber companies experienced poor success with thinning and natural reseeding (Janda 
and others, 1975).  Tractor  yarding has been used much more commonly than cable yarding.  
Intensive logging was concentrated in the upper-basin stands of Douglas-fir in the 1940’s and 
1950’s but shifted to redwood groves of the middle and lower basins in the 1960’s as redwood 
became more popular for home construction. 
 
Only  about 5 percent of the watershed area upstream of the confluence of Prairie and Redwood 
Creeks had been logged as of 1948 (Best, 1984; 1995), whereas approximately 62 percent of this 
area had been logged as of 1978 (Best, 1984; 1995).  Logging was most intensive between 1949 
and 1962, when about 31 percent of this area was logged (Best, 1984; 1995). 
 
Timber harvesting continues to be the primary land use on private lands upstream of the park.  
Most timber harvests in recent years have been in second-growth stands.  No timber is harvested 
on park lands, but pilot projects to thin second-growth redwoods and douglas-fir were initiated in 
1979 and again in 1995.  This program may eventually be expanded to large areas of second-
growth forest in the park. 
 
Forest practices on private lands are regulated by the California Department of Forestry and Fire 
Protection.  Timber harvest regulation by the state began in 1945, but became more effective 
following passage of the Z’berg-Nejedly Forest Practice Act of 1973.  This act provided the 
Board of Forestry with authority to develop rules and guidelines for management of non-federal 
forest lands in the state.  On August 25, 1975, following hearings and modifications of initial 
rules, Forest Practice Rules (FPR’s) that would guide timber harvest practices for nearly a 
decade became effective. 
 
Currently, the FPR’s (California Department of Forestry and Fire Protection, 1994) provide 
stream and riparian protection through Watercourse and Lake Protection Zones (WLPZ’s), which 
are areas immediately along the sides of streams, lakes, or springs.  The WLPZ rules are 
important for protection of park resources because streamside areas provide both sediment and 
woody debris to the channel system.  The roots of streamside trees increase streambank stability, 
and removal of trees along streams can therefore increase bank erosion.  Woody debris naturally 
contributed by riparian trees acts to store sediment within the channel, thereby reducing 
downstream sediment loads.  Falling and yarding along streams can disrupt ground cover and 
increase sediment delivery to streams.   Removal of streamside trees also reduces riparian 
shading and can elevate stream temperatures. 
The width of a WLPZ and the level of protection that it offers depend primarily on the steepness 
of streamside areas, the proposed yarding method and the type or “class” of stream that will be 
affected by timber harvest operations.  Class I streams support fish, Class II streams contain 
aquatic habitat for non-fish species, and Class III streams contain no aquatic life but are capable 
of sediment transport to Class I and II streams. 
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The WLPZ provisions of the FPR’s were not implemented until 1983, when the vast majority of 
private timberlands in the Redwood Creek basin, including riparian areas, had already been 
harvested and after the recent large floods had disrupted riparian zones.  As a result, alder and 
other hardwood species now dominate most streamside areas, which contain far fewer large 
conifers than existed under natural conditions. 
 
Management of riparian areas under current WLPZ provisions is based on existing conditions 
rather than natural conditions, and the existing riparian conditions can be further compromised if 
previously logged areas are re-entered.  Although the FPR’s are intended to protect the beneficial 
and restorable uses of water, they allow the continued reduction of critical riparian elements - 
large and old coniferous trees.  For example, WLPZ protection is rarely extended to Class III 
streams.  Class III streams are the biological and physical extensions of Class I and II streams 
and, in some cases, are still recovering from impacts of early forest practices and large storms. 
For Class I and Class II streams, requirements for the composition of overstory species within 
streamside areas are satisfied when only 25 percent of the existing overstory conifers are retained 
during timber harvest.  The requirements for  future recruitment of large woody debris are also 
met by retaining only 2 conifers per acre that are at least 16 inches in diameter and 50 feet tall.  
Clearly, this approach to management of streamside areas may have the net effect of eliminating 
nearly all large or senescent conifers from riparian areas. 
 
Under the current FPR’s, riparian areas managed for timber production in the Redwood Creek 
watershed are unlikely to ever provide the function they provided before the advent of logging.  
Although the current rules provide protection for some streamside areas, vertical stand diversity, 
species composition, recruitment of large woody debris and shading for stream temperature 
control are greatly compromised.  The biological importance of large trees for shade and large 
woody debris recruitment beyond the riparian zone is also largely ignored. 
 
Mining 

 

Mining within the Redwood Creek watershed has been limited to gravel mining within the 
channel of Redwood Creek and rock quarries and borrow pits used for road construction.  Gravel 
has been mined between the flood-control levees, near the mouth of Prairie Creek, at the mouth 
of Tom McDonald Creek, and near Highway 299 (Janda and others, 1975).  Gravel extraction by 
the Georgia-Pacific Lumber Company between 1951 and 1958 near the Tall Trees Grove totaled 
between 200,000 and 800,000 tons (Kelsey and others, 1979).  This gravel removal at the Tall 
Trees Grove was not significant relative to total sediment discharge in Redwood Creek, but may 
have served to decrease the threat of bank erosion by lowering the channel bed locally 
(Milestone, J.F., Redwood National Park, written commun., 1979). 
Livestock Grazing 

 

The prairies of the Bald Hills and nearby grasslands were heavily grazed by sheep and cattle 
between 1860 and 1980.  Grazing was eliminated on park lands in the early 1980’s.  Cattle 
grazing continues on grasslands in the middle and upper basins and in the Orick Valley, where 
several dairies are located. 
 
In other areas of the western United States, livestock grazing has been associated with increased 
runoff and erosion.  Although similar effects may have occurred in Redwood Creek, we consider 
them to be insignificant in comparison to high natural rates of runoff and erosion and the effects 
of logging and roadbuilding.  Cattle affect water quality in Redwood Creek and its estuary, 
however, both through the introduction of nutrient-rich waste and reduction of riparian shading.  
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An accurate determination of the effects of past and present grazing would require additional 
research. 

Erosion and Sediment Yield 
 
Erosional Processes 

 

Erosional processes in the watershed range from the removal of individual soil particles by 
raindrops to extensive landslides that cover entire hillslopes.  In general, erosion caused by 
obvious large-scale earth movement has been better documented than erosion caused by 
dispersed small-scale processes.   The smaller-scale processes, however, may also be of great 
importance in generating sediment because they are more widespread.  Past studies indicate that 
streamside landsliding and fluvial hillslope erosion may be the most important processes 
delivering sediment to Redwood Creek (Harden and others, 1978; 1995; Kelsey and others, 
1981a; 1981b). 
 
Landslides 

 

Streamside landslides are clearly an important source of sediment in the Redwood Creek 
watershed, because of their number and volume, and because they deliver sediment directly to 
channels.  Streamside landslides include debris slides, debris avalanches, and earthflows; 
however, debris slides account for most of the streamside landslide volume (Kelsey and others, 
1995).  The erosional landform map of Nolan and others (1976) shows streamside landslides 
along most of the mainstem and major tributary channels in the upper and middle basins.  
Streamside landslides may be caused in part by channel aggradation (Janda and others, 1975).  
Sediment deposited in the channel raises water levels during storms, resulting in undercutting of 
steep hillslopes that subsequently fail as debris slides. 
 
The temporal distribution of streamside landslides was studied by Harden and others (1978; 
1995).  Using aerial photographs, they determined that the numbers of streamside landslides 
increased from 100 in 1947 to 415 in 1976.  The increase was due mostly to debris slides.  Many 
streamside landslides occurred between 1962 and 1966, probably during the 1964 flood.  
Between 1970 and 1976, the number of new streamside landslides decreased in the upper basin, 
but increased in the middle and lower basins.  Few streamside landslides have been initiated 
during the relatively dry period since 1975. 
 
The most really extensive mass movement features in the watershed are earthflows (Nolan and 
others, 1976; Harden and others, 1978).  The total area covered by active earthflows represents 
about 9% of the Redwood Creek watershed, and very active earthflows comprise 2% of the 
watershed area (Harden and others, 1978).  The earthflows classified as “very active” can be 
considered streamside landslides because they deliver sediment directly to major channels. 
 
Earthflows may be largely natural erosional features.  Kelsey (1978), however, suggested that 
livestock grazing and subsequent conversion of prairie vegetation from perennial long-rooted 
native bunch grasses to annual short-rooted exotic grasses may have accelerated or triggered 
earthflow instability within the past century.  In addition, road construction has accelerated gully 
erosion on earthflows (Walter, 1986), and, through interception of subsurface flow, may have 
altered streamflow peaks, patterns of groundwater flow, and hence earthflow movement.  
Earthflow activity may also have been initiated or accelerated by fluvial erosion where earthflow 
“toes” protrude into stream channels. 
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Landslides other than streamside landslides include debris avalanches and debris flows (Harden 
and others, 1978; LaHusen, 1985), slumps (Nolan and others, 1976; Harden and others, 1978), 
forested block slides (Sonnevil and others, 1985), and some large and relatively inactive 
earthflows.   These landslides are much less significant as sediment sources than are streamside 
landslides. 
 
Fluvial Hillslope Erosion 

 
Fluvial hillslope erosion in the Redwood Creek watershed is apparent in both natural and 
disturbed settings (Janda and others, 1975).  On unlogged forested hillslopes, fluvial erosion is 
related to interactions between subsurface piping through root channels and gully and rill 
development (Janda and others, 1975; Ziemer, 1992).  On logged hillslopes, extensive networks 
of rills and gullies have developed from streamflow diversions and washouts at road and skid 
trail stream crossings, from ditches and cutbanks, and from interception of subsurface flow along 
roads and trails (Janda and others, 1975).  Surface erosion of logged areas may also have 
increased as a result of decreased interception of rainfall by the forest canopy following harvest.  
Prairies are particularly susceptible to gully erosion, and road runoff has carved numerous large 
gullies in the Bald Hills area. 
 
Fluvial hillslope erosion is much more difficult to quantify at the watershed scale than mass 
movement processes because fluvial features are smaller, more widely dispersed, and difficult or 
impossible to measure on aerial photographs.  As a result, basinwide estimates of fluvial erosion 
based on field data are lacking. 
 
Previous studies have documented large increases in fluvial erosion on lands where timber has 
been harvested or where roads have been constructed (Janda and others, 1975; Nolan and  
others, 1976; Walter, 1985; Hagans and Weaver, 1987).  Kelsey and others (1981a) estimated 
from sediment-budget calculations that fluvial erosion from hillslopes contributed 68 percent of 
total sediment mobilization in the upper basin.  Hagans and Weaver (1987) found that fluvial 
hillslope erosion in the lower basin between 1954 and 1980 produced about as much sediment as 
mass movement processes, including streamside landslides.  Although considerable uncertainty 
is associated with these estimates, they indicate that fluvial hillslope erosion represents a 
significant sediment source in the watershed. 
 
Channel storage 

 

Massive amounts of coarse sediment were deposited in tributaries and the upper and middle 
reaches of the mainstem during the flood of 1964.  During subsequent floods, particularly in 
1972 and 1975, coarse sediment was scoured from tributaries and the upper mainstem and re-
deposited in lower reaches (Varnum, 1984; Madej, 1995; Varnum and Ozaki, 1986). 
 
Sediment stored within the channel system continues to move in wave-like fashion downstream 
(Madej and Ozaki, 1996).  As of 1990, peak aggradation was about 5 miles downstream from the 
Tall Trees Grove and about 4 miles upstream of Orick (fig. 3-5).  Channel cross section surveys 
in 1995 indicated that, for the first time since measurements began in 1973, the channel bed 
between the Tall Trees Grove and Orick was scouring.  The sediment wave, therefore, may have 
become completely attenuated in the lower reach as a result of particle attrition and selective 
transport. 
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Sediment storage in the numerous small tributaries is controlled in part by woody debris.  The 
effects of timber harvest on the recruitment of woody debris, and hence on sediment storage, are 
discussed below. 
 
Sediment Budget 

 

A sediment budget is a useful tool for assessing the relative importance of erosional processes. 
Conceptually, a sediment budget balances inputs (sediment mobilization or erosion) against 
outputs (fluvial sediment discharge from the watershed), after accounting for changes in 
sediment storage.  In the case of Redwood Creek, we are interested in comparing large landslides 
that may occur naturally and are difficult to prevent to widespread, small-scale processes that are 
often related to land use and are more easily addressed with erosion-control efforts. Previous 
studies in and near the Redwood Creek watershed have provided a basis for estimates of fluvial 
sediment discharge, changes in channel sediment storage, and sediment production by mass-
movement and fluvial processes between 1954 and 1980 (table 1; sediment-budget calculations 
and supporting information are provided in Appendix  C. 
 
The Redwood Creek sediment budget (table 1) is not a “balanced” budget because sediment 
discharge and additions to channel sediment storage exceed erosional inputs. The imbalance of 
19,536,000 tons (35% of sediment discharge plus net storage) indicates that we cannot account 
for the sources of all of the sediment delivered to the channel system, and it provides a rough 
measure of  the overall accuracy of the sediment budget. 
 
Sediment production by fluvial erosion of  roads and hillslopes (roads, surface erosion of bare 
ground, and gullies on table 1) accounted for 46% of sediment production (table 1).  Most of this 
erosion was related to land use, and could have been prevented with erosion control and road 
maintenance measures.  Of these sources, gullies produced by far the greatest amount of 
sediment (table 1).  Most gullies resulted from streamflow diversions at road-stream crossings 
(Best and others, 1995; Weaver and others, 1995). The large amount of sediment eroded from 
gullies could have been greatly reduced if stream crossings had been built without potential to 
divert streamflow (Best and others, 1995; Weaver and others, 1995). 
 
Sediment production by mass-movement processes and streambank erosion are less clearly 
related to land use, and also more difficult to control, than fluvial processes on roads and 
hillslopes.  Landslides and streambank erosion contributed a total of  19,677,000 tons, equivalent 
to 54% of sediment production. 
 
In summary, two significant conclusions can be made on the basis of the sediment budget 
analysis.  First, a large amount of erosion and channel deposition is likely in the next large storm, 
since we know that about half of total sediment production in past storms was not clearly related 
to land use, and the sources of a significant amount of sediment cannot be determined with 
confidence.  Second, treatments to remove diversion potentials from road-stream crossings are 
likely to be effective in reducing sediment delivery to channels from roads built before current 
(since 1983) forest practice rules required that crossings be built without diversion potential.  
Given the increasing probability of a major storm in the next few years, treatments of diversion 
potentials may be the only practicable means of reducing erosion related to land use in the next 
major storm, because such treatments can be completed quickly and inexpensively and leave 
roads passable to vehicles. 



 26 

 
Recent Trends in Sediment Loads 
 
Fluvial sediment loads are affected by land-use practices and, in turn, affect channel stability, 
alluvial redwood groves, and aquatic habitat.  Because of the importance of sediment to 
resources in the Redwood Creek basin, the following sections include detailed analyses of trends 
in recent sediment transport rates in Redwood Creek.  These analyses rely on data collected by 
the U.S. Geological Survey and Redwood National Park between 1971 and 1992. 
 
Annual sediment loads are highly dependent on annual streamflow.  Trends in sediment loads 
resulting from changes in land use are difficult to detect unless variations in sediment loads that 
result from streamflow fluctuations are removed from the analysis.  We mathematically removed 
the effects of streamflow variations by computing logarithmic least-squares linear regression 
equations using 1) annual suspended-sediment loads and streamflow and 2) annual bedload and 
streamflow at both Orick and O’Kane.  The regression equations minimize the variation in 
sediment loads resulting from streamflow variations, and the regression residuals (the differences 
between the observed and predicted values of suspended-sediment loads or bedloads, in 
logarithmic units) are therefore a measure of the variations in sediment loads due to other factors  
(Helsel and Hirsch, 1992).  In the case of Redwood Creek, land use is the only likely factor, 
other than streamflow, to have substantially affected sediment loads.  The regression residuals 
were plotted against time (figs. 6 and 7) to provide an overall picture of trends.  The presence or 
absence of significant trends was determined using the Mann-Kendall test (Helsel and Hirsch, 
1992).  Suspended-sediment and bedload data were analyzed seperately to more accurately 
assess cause-and-effect relations for any trends detected. 
 
If streamflow was affected by land use during the study, regression residuals will not accurately 
represent sediment-transport trends attributable to land use.  Streamflow in Redwood Creek was 
probably increased as a result of logging and roadbuilding by about 20% during the 1970’s 
(Nolan and Janda, 1981).  A comparison of streamflow at the Orick and O’Kane stations with 
streamflow in an unlogged tributary indicates that effects of land use on streamflow were 
minimal after 1980.  In order to determine if land-use effects on streamflow could have 
prevented the detection of significant trends, or could have caused false detections of artificial 
trends, we reduced the values of measured annual streamflow by 20% for the years 1971-80 and 
repeated the regression residuals analysis.  The reduced streamflow data are estimates of 
streamflow under natural conditions unaffected by land use. 
 
Suspended Sediment 

 

Suspended sediment consists of sand, silt, and clay particles distributed throughout the water 
column.  Fine sediment carried in suspension is of concern primarily because of its effects on 
aquatic habitat.  Large proportions of suspended-sediment loads remain in suspension and are 
transported to the ocean once they enter the channel system.  Fluctuations in suspended-sediment 
loads are therefore more closely related to short-term changes in watershed conditions than to 
long-lasting effects of major storms. 
 
Suspended-sediment loads have been computed for about 20 years at the Orick and O’Kane 
stations.  At Orick, annual suspended-sediment loads have ranged from 18,184 to 3,799,775 tons 
(table 2a), with a mean annual load of 914,821 tons.  Annual suspended-sediment yields (loads 
per unit of contributing watershed area) at Orick have ranged from 65 to 9,888 tons per square 
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mile.  At O’Kane, annual suspended-sediment loads have ranged from 1,217 to 695,296 tons 
(table 2b), with a mean annual load of 165,059 tons.  Annual suspended-sediment yields have 
ranged from 18 to 10,378 tons per square mile.  
 
Residuals for suspended-sediment loads at Orick show a significant (p<0.001) downward trend 
(fig. 6a). This trend indicates that rates of suspended-sediment transport have declined relative to 
streamflow over the past two decades.  When the analysis was repeated using annual streamflow 
for water years 1971-80 reduced by 20%, the same result was obtained. 
 
Residuals for suspended-sediment loads at O’Kane show no significant (p=0.250) trend (fig. 6b).  
For similar streamflow conditions, suspended-sediment loads have neither increased nor 
decreased significantly.  The second analysis, using estimated natural streamflow for water years 
1971-80, resulted in the detection of a significant downward trend.  This result indicates that the 
combined effects of land use on streamflow and erosion caused a larger increase in sediment 
transport during the 1970’s than indicated by the regression residuals computed from measured 
streamflow and sediment data.  The downward trend in suspended-sediment transport in relation 
to estimated natural streamflow is more significant than the original analysis using measured 
streamflow volumes indicates. 
 
 
 
 
 
 
 
 
Table 1: Sediment budget, Redwood Creek watershed, 1954-80 
Sediment Source Mass (tons) % Total Contribution 

Roads:   

     Haul road cutbanks           430,000 1.0       

     Surface erosion         -Haul roads         1,377,000 3.8        

                                       -Skid trails            122,000 <1      

     Inboard ditches        363,000 1.0      

     Haul road crossings    2,000,000 5.5      

     Skid trail crossings       335,000 1.0      

Surface erosion on bare ground    3,500,000 9.6      

Gullies    8,500,000 23.4       

Streambank erosion   

     Tributaries    1,650,000 4.5     

      Mainstem       164,000 <1     

Mass movement:   

     Mainstem Streamside Landslides    7,100,000 19.6     
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     Tributary Streamside Landslides 
               (sampled, n = 16) 

   3,900,000 10.7     

     Tributary Streamside Landslides 
              (unsampled, extrapolated data) 

   4,400,000 12.1     

     Earthflows    1,300,000 3.6   

     Forested Blockslides       263,000 <1   

     Debris Torrents       900,000 2.5  

               Total Sediment Input 36,304,000 100       

Additions to Sediment Storage   

     Main channel storage  10,400,000  

    Tributary channel storage       440,000  

Sediment Output (Orick)                 45,000,000  

 

 

 

 

 

 

 

 

 

 

Bedload 

 

Bedload consists of sand, gravel, and cobbles that roll and slide over the streambed.  Bedload is 
of concern because almost all of the coarse sediment that threatens alluvial redwood groves is 
transported in this manner.  Large amounts of coarse sediment, delivered from hillslopes during 
the flood of 1964, remain stored in the channel system (Madej, 1995).  Landslides and other 
processes have continued to provide coarse sediment to the channel, but at lower rates over the 
past 25 years than during the 1953-75 period that included large floods.  Hence, bedload 
movement in Redwood Creek in the past three decades has been largely a re-distribution of 
coarse sediment deposited in 1964. 
 

Table 2:  Annual streamflow, suspended-sediment loads, and bedloads at daily sediment 
stations, 1971-92  [data from annual reports of the U.S. Geological Survey] 

 
a. Orick 

 
b.  O’Kane 

    Suspended  
    Water    Streamflow     Sediment              Bedload 
    Year        (cfs-days)     (tons)    (tons) 
                                                                                         
1971          514,592  2,177,712       -- 
    1972          536,198 3,799,775       -- 
    1973          281,843    757,634       -- 
    1974          629,915 2,228,626 371,804 
    1975          476,089 2,768,664 251,070 
    1976          308,627    745,314 100,551 

                Suspended 
    Water          Streamflow           Sediment        Bedload 
     Year           (cfs-days)     (tons)           (tons) 
                                                                                             
 
 
     1973    70,264  184,689                 --   
     1974  149,725  657,618            301,502 
     1975   124,160  695,296           243,860 
     1976    67,873    81,189             21,295 



 29 

    1977              70,117      22,567     2,277 
    1978          425,877    948,518 330,195 
    1979          231,035    292,989   52,100 
    1980          404,268    704,585 190,778 
    1981          235,647    187,877  174,021 
    1982          584,833 1,276,880 377,890 
    1983         600,462 1,329,818 370,806 
    1984         458,970    625,810 279,372 
    1985         265,181    280,541 139,376 
    1986         362,162 1,010,226 148,237 
    1987         201,675    103,782   61,790 
    1988         176,750    156,514   62,255 
    1989         353,450       463,771    60,950 
    1990         184,274     191,317    62,215 
    1991         127,467        34,965    22,967 
    1992         102,919         18,184   10,884 
 

     1977     16,117      1,217                  724 
     1978     95,406  122,233             65,950 
     1979     51,081    54,296             28,436 
     1980      98,573  162,674             36,152 
     1981     50,793    46,873               7,143 
     1982   132,041  255,056             74,039 
     1983   131,297  373,940             85,292 
     1984   120,542  173,401             56,666 
     1985     63,422     81,351               8,956 
     1986      83,886  239,826             24,563 
     1987      44,747     12,310               3,654 
     1988      37,076     28,769               5,623 
     1989    82,174    89,666               6,385 
     1990     41,912    32,804               1,618 
     1991    25,986      5,108                  420 
     1992     22,294      2,870                  176 
 

 
Bedload accounts for roughly 20 to 25 percent of the total sediment load (commonly computed 
as the sum of suspended-sediment load and bedload) of Redwood Creek, based on data presented 
in table 2.   
 
The percentage of the total sediment load transported as bedload is slightly higher at Orick than 
at O’Kane.  Annual bedload has ranged from 2,277 to 377,890 tons at Orick (Table 2a).  Bedload 
per unit watershed area at Orick has ranged from 8 to 1,350 tons per square mile.  Annual  
bedload at O’Kane has ranged from 176 to 301,502 tons (Table 2b), and bedload per unit area at 
O’Kane has ranged from 3 to 4,500 tons per square mile. 
Residuals for bedload at Orick show no significant (p=0.108) trend (fig. 7a).  This result 
indicates that bedload transport rates at Orick have not changed much since the mid 1970’s.  No 
trend was detected when annual streamflow data reduced by 20% were substituted for measured 
streamflow in the analysis. 
 
In constrast, residuals for bedload at O’Kane show a highly significant (p<0.001) downward 
trend (fig. 7b).  This trend indicates a shift to reduced rates of bedload transport relative to 
streamflow.  Field observations indicate that much of the upper mainstem channel has scoured to 
bedrock or boulders.  This trend was also detected when the reduced values of streamflow for 
water years 1971-80 were used. 
 
Table 3:  Roads utilized for timber harvest in the Redwood Creek watershed, 1978-92 

Year  New 
(mi) 

Rebuilt 
(mi) 

Existing 
(mi) 

1978  13   2 32 
1979    7   4  16 
1980    7   5 22 
1981   1   0   5 
1982   5   4   8 
1983   6   0 26 
1984 15   9 16 
1985    5   9   6 
1986   6 15 20 
1987    7 11   8 
1988 21 13 24 
1989 14 14 24 
1990    6   9 13 
1991    4   4   4 
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1992 10 12 12 
TOTAL 127 111 236 

 
Table 4: Streams and stream crossings within timber harvest boundaries in the Redwood Creek watershed, 

1978-92 
Year Streams 

(mi) 
Number of  Stream Crossings 

1978 38 108 
1979 33 88 
1980 33 91 
1981   6 17 
1982 16 55 
1983 32 98 
1984 21 107 
1985 12 66 
1986 39 125 
1987 18 72 
1988 36 198 
1989 30 137 
1990 26 108 
1991 11 39 
1992 30 112 

TOTAL 381 1,421 
   
 
Watershed Restoration 
 
The legislation expanding Redwood National Park in 1978 (PL 95-250) authorized a major 
watershed restoration effort.  Congress directed that this work focus on minimizing erosion from 
past land uses, re-establishing native vegetation, and protecting aquatic and riparian resources 
along park streams (Spreiter and others, 1995). 
 
Early experimental projects in the first few years of the watershed restoration program (1977-81) 
utilized a variety of channel and hillslope measures designed to reduce surface and channel 
erosion and landsliding.  These included contour trenches, wooden terraces, willow wattles, 
mulching, check dams, and channel armoring.  Many of these techniques were found to be either 
ineffective or prohibitively expensive (Weaver and others, 1987).  The most effective treatments 
were removal of road fill at stream crossings and other locations using heavy equipment (Weaver 
and others, 1987). 
 
Since 1981, former log-haul roads have been the primary focus of the watershed restoration 
efforts within Redwood National Park.  About 175 miles of logging roads have been treated 
since 1978.  The total volume of sediment excavated from roads is roughly 1,300,000 cubic 
yards. Projects have involved correction of stream diversions, excavations of stream crossings, 
road outsloping, removal of perched debris, and road decompaction and waterbar construction 
(Steensen and Spreiter, 1992). 
 
Roughly 270 miles of logging haul roads remain on park lands.  Recent surveys located about 
1,200 sites with potential or existing erosional problems along old haul roads in the park 
(Spreiter, 1996).  These sites, and appropriate intervening road segments, will be treated in future 
watershed restoration projects. 
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Private landowners are currently cooperating with the parks and other agencies to improve 
hillslope stability and aquatic habitat in the Redwood Creek watershed.  Initial erosion control 
projects on Bureau of Land Management and Stover Ranch roads were completed between 1991 
and 1994.  In 1995, the parks and all major landowners in the watershed signed Memorandums 
of Understanding that formalized the intent of all parties to work cooperatively to reduce erosion 
in the upper basin.  Later that year, the parks received a grant from the U.S. Fish and Wildlife 
Service for erosion control and habitat improvement projects.  This first project, on Simpson 
Timber Company land, was completed in September, 1995, through an agreement with the 
Humboldt County Resource Conservation District.  A second project is scheduled on Stover 
Ranch property for the summers of 1996-97.  In early 1996, an inventory of erosion problems 
along roads in the upper basin was completed by park geologists on lands managed by Sierra 
Pacific Industries, Simpson Timber Company, Natural Resources Management, Inc., Western 
Timber Services, Louisiana-Pacific Corporation, and the U.S. Forest Service.  Information 
collected during the inventory will be used to plan road maintenance and erosion control 
projects. 
 
 
 
 
 
 
EFFECTS OF THE PROPOSED PROJECT TO LISTED SALMONID SPECIES 
 
Redwood National and State Parks inherited many miles of roads when it was initially created 
and later expanded.  Forest roads have been identified as significant sources of sediment (Best et 
al. 1995).  Forest roads interrupt natural drainage patterns and contribute to changes in sediment 
production and transport rate that can impact aquatic ecosystems and species.  Forest road 
impacts can generate off-site effects that extend from headwaters to mainstem reaches and the 
estuary, adversely affecting aquatic habitats throughout the Redwood Creek watershed. 
 
Not Likely to Adversely Affect 
 

Effects of Routine Road Maintenance 
 

The routine road maintenance activities included in this proposed action in total have the 
potential to produce a negligible amount of fine sediment into anadromous salmonid habitat.  
The routine road maintenance consists of road grading and reshaping, brushing road corridors, 
surface treatment, maintenance of unpaved shoulders, inboard ditch cleaning and maintenance, 
culvert inlet cleaning, removal and end haul of materials, drainage structure maintenance, 
roadway drainage maintenance, and drainage dip maintenance. 
 
Routine road maintenance activities mention in above paragraph may result in minimal amounts 
of fine sediment delivered to stream channels within RNSP and in downstream areas.  However, 
it is the opinion of the fishery biologist, that by following the guidelines in the Protect Criteria 
Section of this BA, the potential for adverse effects to coho salmon, steelhead and chinook 
salmon habitat due to this minimal fine sediment input is negligible and, in turn, the probability 
of affecting survival of coho salmon, steelhead and chinook freshwater life history stages is 
negligible. 
 
Road maintenance activities benefit listed and proposed Pacific salmonids by helping to prevent 
slope failures from improperly maintained drainage structures that divert water down roads. 
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Likely to Adversely Affect 
 

Effects of petroleum and non-petroleum based products 
 
The routine road maintenance activities that may affect individuals, and likely to have an adverse 
affect on the survival of coho salmon, steelhead and chinook freshwater life history stages 
because of the use of petroleum and non-petroleum based products include, dust abatement, spot 
surfacing, asphalt pavement patching, paved surface cleaning. 
 
The routine road maintenance activities mention in above paragraph may result in minimal 
amounts of petroleum and non-petroleum based products being delivered to stream channel 
within RNSP and in downstream areas.  However, the level of contamination will be short-term 
in duration and low in intensity.  The application of these products will only occur in the dry 
seasons and in a manner that complies with the project design criteria section of this BA.  
 
 
 
 

Effects of Non-Routine Road Maintenance 
 
Non-routine road maintenance activities which include, culvert replacements and installations, 
rolling dip installations, and large crossing replacement have the potential to deliver fine 
sediment to streams.  Generally, most of the proposed non-routine maintenance activities will 
result in the correction of existing and potential erosion problems and mass wasting events, and 
these activities are expected to result in net benefits to aquatic habitat over time.  Although these 
types of projects may result in a short-term delivery of fine sediment into stream channels either 
during the project or during the first storm event after completion of the project, long-term 
benefits are also expected as a result of these actions. 
 
Improperly placed culverts can create barriers to upstream migration by fish.  Inadequately sized 
culverts can restrict stream flows and can result in major contributions of sediment to streams if 
they become plugged or overflow.  Benefits realized from replacement or upgrading of culvert at 
stream crossings include restoration of fish, flood flow and bedload passage.  Culverts should 
accommodate at least the 100-year flood, including associated bedload and debris (USDA-FS 
and USD_BLM, 1994).  Furniss et al. (1991) summarizes other important considerations for 
culvert design and installation. 
 
Earth moving activities related to culvert removal or replacement can result in short-term fine 
sediment pulses to streams.  RNSP’s particular methods for stream crossing excavations fully 
minimize, to the extent possible, off-site sediment movement.  For example, streams with surface 
flows capable of sediment transport off-site are diverted around excavation areas.  Or, when a 
culvert is present, water is kept flowing through the culvert until fill is excavated and culverts are 
removed in pieces so that water is only allowed to flow on finished stream channel excavations 
are put back into the active channel to augment natural channel armor and to provide additional 
sediment storage capacity.  The relative short-term effects of culvert removal or replacement are 
generally considered to be minimal, compared to continuing long-term adverse effects caused by 
existing culverts that are improperly placed or sized.  Projects will be carefully designed, timed, 
and implemented to minimize adverse effects to listed pacific salmonids. 
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Loss of Riparian Vegetation at Stream Crossing Excavations 
 
The vast majority of the trees removed during these program activities are relatively young alder, 
redwood and Douglas Fir.  After excavating small watercourse crossings, no vegetation will 
remain on the newly established stream bank.  In many locations, none exists currently because 
the roadbed material is too compacted or unstable.  Loss of riparian vegetation will result in a 
short-term loss of nesting habitat for terrestrial species and decreased water quality for aquatic 
species.  Vegetation recovery at recently completed stream crossing excavations reveal a dense 
canopy of alders 6-10 feet tall will exist on virtually all disturbed surfaces within 4 years. 
 
Water temperature will not experience significant increase as a result of stream crossing 
excavations.  The precise amount of riparian vegetation to be removed is unknown. The duration 
of direct sunlight is generally limited to a few hours daily, due to steep topography and 
surrounding overstory trees.  Many of the stream crossings and stream courses are located in 
steep terrain so water velocities are relatively fast.  Thus, water will not pool up along areas of 
excavation.  The projected slope of the streams will range from 15 to 40 percent.  Additionally, 
re-vegetation rates usually allow for rapid re-colonization of alder within a short period of time 
after excavation.  Vegetation recovery at recently completed stream crossing excavations 
projects reveal a dense canopy of alders 6-10 feet tall will exist on all disturbed surfaces within 4 
years.  Second growth or old-growth forest canopy typically exists between proposed projects 
and habitat occupied by threatened anadromous fish.  This canopy provides suitable shade to 
prevent changes in water temperature as a result of the proposed actions. 
 
 
 
Cumulative Effects 
 
Future state, local and private actions that are reasonably certain to occur within this action area 
under consideration are as follows: Humboldt County continual maintenance of levees which 
requires the removal of riparian vegetation and gravel, negatively affect listed fish, their habitat 
and water quality.   The past land use practices (logging, roads, mining and cattle) of private has 
contributed to the increase sediment load which, also, negatively affect the estuary, its aquatic 
resources, wetlands and riparian vegetation.  Recently, private landowners have worked 
cooperating with RNSP and other agencies to improve hillslope stability and aquatic habitat in 
the Redwood Creek watershed. 
 
DETERMINATIONS 
 

Based on the size, nature and duration of these proposed actions, it is the determination of the fishery 
biologist, that the proposed projects listed as routine road maintenance in this Biological 
Assessment may affect individuals, but are not likely to adversely affect Southern 
Oregon/Northern California coho, California Coastal chinook salmon, and Northern California 
steelhead trout and their critical habitat or Essential Fish Habitat. 
 
Based on the size, nature and duration of these proposed actions, it is the determination of the 
fishery biologist, that the proposed projects listed as routine maintenance which uses petroleum 
and non-petroleum based products in this Biological Assessment may affect individuals and 
likely to adversely affect Southern Oregon/Northern California coho, California Coastal chinook 
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salmon, and Northern California steelhead trout and their critical habitat or Essential Fish 
Habitat.  
 

Based on the size, nature and duration of the proposed actions, it is the determination of the fishery 
biologist that the culvert replacement portion of this BA may affect and is likely to adversely 
affect Southern Oregon/Northern California coho, California Coastal chinook salmon, and 
Northern California steelhead trout and their critical habitat and Essential Fish Habitat, however, 
the short term adverse affects will be outweighed by the long-term benefits to the species and 
their habitats.     
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Appendix A: Road Listings and Maintenance Schedules 
 
Twenty-five roads are annually maintained in RNSP (Table 1 of Appendix A).  The Coastal 
Drive, Newton B. Dreary Memorial Parkway and the entrance road to Mill Creek campground 
are the only paved roads.  All other roads are maintained as dirt surfaced roads.  The state of 
California (Caltrans) maintains highways 101 and 199.  Humboldt County maintains the Bald 
Hills road and Del Norte County maintains the access road to the Requa maintenance facility, 
Alder Camp road and the Klamath River road.  Note:  Downed trees are removed from roads 
as needed. 
 
Table 1. Road systems that require annual maintenance in RNSP. Bolded names indicate 
vehicular access is available for the pubic on the noted road. 
 
 
Road Name 
 

 
Length of 
road 

 
Type of routine maintenance 

 
West side access  
 

 
16.5 miles 

 
brushing, grading, and down tree removal 

 
Lost man Creek /Holler 
Ridge 

 
11.5 miles 

 
brushing, grading, and down tree removal 

 
Tall Trees Access 
 

 
6.3 miles 

 
brushing, grading, and down tree removal 
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Road Name 
 

 
Length of 
road 

 
Type of routine maintenance 

 
 
M line (west side) 

 
6.5 miles 

 
brushing, grading, and down tree removal 

 
Davison 

 
 4 miles 

 
brushing, grading, and down tree removal 
 

 
K&K 

 
4.5 miles 

 
grading, and down tree removal 

 
Coyote Creek Roads 

 
15 miles 

 
brushing, grading, and down tree removal 

 
Skunk Cabbage (North and 
South)  

 
2 miles 

 
brushing, grading, and down tree removal 

 
South Operations Center 
Road 

 
0.75 miles 

 
brushing, grading, and down tree removal 

 
Redwood Creek Trail 
head 

 
0.62 miles 

 
brushing, grading, and down tree removal 

 
Crescent Beach Road 

 
2.25 miles 

 
brushing, ditch clearing, and down tree removal  

 
A-9-9  

 
3 miles 

 
brushing, grading, and down tree removal  

 
A-9 

 
2 miles 

 
brushing, grading, and down tree removal 

 
A-9-7 
 

 
2 miles 

 
brushing, grading, and down tree removal 

 
B-line 

 
5 miles 

 
brushing, grading, and down tree removal 

 
Newton B. Drury 
Memorial Parkway 

 
9.2  miles 

 
brushing, and down tree removal 

 
Coastal Drive 

 
5.5 miles 

 
brushing, grading, and down tree removal 

 
Alder Camp  

 
2.2 miles 

 
brushing, grading, and down tree removal 

 
Howland Hill  

 
6.63 miles 

 
brushing, grading, down tree removal 

 
Cal Barrel  

 
4 miles 

 
brushing, grading, and down tree removal 

 
Pacamo  

 
1 miles 

 
brushing, grading, and down tree removal 

 
Gold Bluffs Beach  

 
4 miles 

 
grading, and side removal 

 
Walker  

 
3 miles 
 

 
brushing, grading, and down tree removal 

 
Peacock  

 
4 miles 

 
brushing, grading, and down tree removal 
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 Routine Maintenance 

 Proposed action = Clean inboard ditch and culvert inlet and grade road surface to 
remove ruts when necessary 

 Equipment used = Grader, excavator, bulldozer, dump truck, slope mower, 
chainsaw and backhoe 

 Periodicity of these actions = Once per four years 
 Determination – May affect, but not likely to adversely affect all listed or 

proposed anadromous fish species 
Watershed 

Name 
Total 

Length of 
Road 

# of stream 
X-ings 

Duration of Field 
Work 

Time of year action 
is planned 

(All projects planned to 
be completed by 1 Nov) 

 

Prairie Creek      
200 2.0 13 2 days > 10 Jul  
205 3.5 21 7days > 15 Sep  
230 0.6 4 1 day > 10 Jul  
240 1.9 4 2 days > 10 Jul  
300 0.8 6 1 day > 10 Jul  
305 0.3 1 .5 day > 10 Jul  
310 0.4 2 .5 day > 10 Jul  
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 Routine Maintenance 

 Proposed action = Clean inboard ditch and culvert inlet and grade road surface to 
remove ruts when necessary 

 Equipment used = Grader, excavator, bulldozer, dump truck, slope mower, 
chainsaw and backhoe 

 Periodicity of these actions = Once per four years 
 Determination – May affect, but not likely to adversely affect all listed or 

proposed anadromous fish species 
Watershed 

Name 
Total 

Length of 
Road 

# of stream 
X-ings 

Duration of Field 
Work 

Time of year action 
is planned 

(All projects planned to 
be completed by 1 Nov) 

 

May Creek      
130 1.8 15 3 days > 10 Jul  

B-Line (North)  16  > 10 Jul  
Lower May Creek Road 0.2 0 .5 day > 15 Sep  

      
Lostman Creek      

A100 6.8 42 3 weeks > 10 Jul  
A100/A140 Connector 0.3 2 1 Day > 10 Jul  

A110 1.1 7 3 days > 10 Jul  
A111 0.7 4 2 days > 10 Jul  
A112 1.6 1 5 days > 10 Jul  

A120 1.9 13 8 days > 10 Jul  
A121 1.1 0 3 days > 10 Jul  
A130 0.6 7 2 days > 10 Jul  
A131 0.5 2 2 days > 15 Sep  
A140 2.9 14 12 days > 10 Jul  
A141 1.8 5 8 days > 10 Jul  
A142 0.6 5 3 days > 10 Jul  
A150 1.2 8 4 days > 15 Sep  
A160 2.0 1 5 days > 15 Sep  
A170 1.3 2 7 days > 15 Sep  
A200 2.1 6 9 days > 10 Jul  
A300 1.9 3 8 days Jun  

A333 (A400) 0.4 4 1 day > 10 Jul  
A350 0.4 4 1 day Jun  
540 0.3 3 1 day Jun  

550 (B550) 3.1 4 12 days > 15 Sep  
551 0.1 1 .5 day Jun  

552 (B-552) 0.6 3 1 day Jun  
553 0.4 2 1 day > 10 Jul  
554 1.0 2 2 days Jun  
560 2.0 13 4 days > 10 Jul  

B-Line (North) 1.0 33 2 days Jun  
B200 0.6 2 1 day > 10 Jul  

Lower B500 3.2 4 12 days Jun  
Upper B500 1.2 1 3 days > 10 Jul  
530 (B-530) 0.4 2 .5 day > 15 Sep  

B200/B500 Connector 1.1 7 2 days > 10 Jul  
Shangri La Road 1.0 6 2 days > 10 Jul  

Spur 0.1 0 .5 day > 15 Sep  



 40 

 Routine Maintenance 

 Proposed action = Clean inboard ditch and culvert inlet and grade road surface to 
remove ruts when necessary 

 Equipment used = Grader, excavator, bulldozer, dump truck, slope mower, 
chainsaw and backhoe 

 Periodicity of these actions = Once per four years 
 Determination – May affect, but not likely to adversely affect all listed or 

proposed anadromous fish species 
Watershed 

Name 
Total 

Length of 
Road 

# of stream 
X-ings 

Duration of Field 
Work 

Time of year action 
is planned 

(All projects planned to 
be completed by 1 Nov) 

 

      
Little Lostman Creek      

A150 0.1 6 .5 day > 15 Sep  
A160 1.1 4 .5 day > 15 Sep  
A170 0.7 2 1 day > 10 Jul  

Bald Hills Spur 0.1 0 .5 day > 15 Sep  
      

McArthur Creek      
A-9-7  8 2 days Aug-Sep  

A-9-7-1 4.3 15 4 days > 1 Aug  
A-9-7-2 1.1 11 2 days > 1 Aug  
L-Line 1.0 ? 1 day > 1 Aug  
L-2-1 1.0 0 .5 day > 1 Aug  
L-2-2  6 1 day > 1 Aug  

L-2-2-1 2.7 4 5 > 1 Aug  
      

Elam Creek      
L-Line 2.0 9 3 days > 1 Aug  

L-1 (East) 1.5 9 .5 day > 1 Aug  
L-1 (west)  7 1 day > 1 Aug  

L-1-1 (South) 1.2 
 

6 3 days (once per 3 
years) 

> 1 Aug  

L-1-1 (North) 2.1 3 3 days > 15 Sep  
L-2 1.4 7 2 days > 1 Aug  

L-2-1 1.0 0 2 days > 1 Aug  
L-2-3-1 0.6 1 1 day > 1 Aug  

      
Bond Creek      

L-1 (east) 1.5 9 2 days > 1 Aug  
M-11 0.8 4 1 day > 15 Sep  

M-11-1  ? 3 day > 15 Sep  
M-11-1-1  1 1 day > 15 Sep  

 
 

     

Forty-Four Creek      
A-9-6 2.0 7 3 days > 1 Aug  

A-9-6-1 1.6 4 2 days > 1 Aug  
C-12  0 1 day > 1 Aug  

M-11-1  1 3 days > 15 Sep  
      

Tom McDonald Creek      
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 Routine Maintenance 

 Proposed action = Clean inboard ditch and culvert inlet and grade road surface to 
remove ruts when necessary 

 Equipment used = Grader, excavator, bulldozer, dump truck, slope mower, 
chainsaw and backhoe 

 Periodicity of these actions = Once per four years 
 Determination – May affect, but not likely to adversely affect all listed or 

proposed anadromous fish species 
Watershed 

Name 
Total 

Length of 
Road 

# of stream 
X-ings 

Duration of Field 
Work 

Time of year action 
is planned 

(All projects planned to 
be completed by 1 Nov) 

 

C-Line 5.8 14 11 days > 10 Jul  
Upper G-Line  4 1 day > 10 Jul  

      
Bridge Creek      

G-4 0.6 5 .5 day > 10 Jul  
M-5 0.2 0 .5 day > 10 Jul  

M-5/G-4 Connector 0.4 0 .5 day > 10 Jul  
M-7  1 2 days > 15 Sep  

M-7-1  1 2 days > 15 Sep  
M-7-1 1/2  1 2 days > 15 Sep  

M-2.5  ? 7 days > 15 Sep  
      

Devils Creek      
M-2 0.1 ? .3 day > 15 Sep  

M-2.5  0 2 days > 15 Sep  
M-2-1 0.6 2 .5 day > 15 Sep  

M-2-1-1 2.1 8 4 days > 15 Sep  
Y-Line 2.5 5 5 days > 15 Sep  

      
Coyote Creek      

Boundary Road 0.1 6 .5 day June  
Bridge Road 0.2 2 .5 day June  

Coyote Creek Road 0.6 8 1 day June  
Coyote Peak Road  1 1 day June  
Coyote Peak Spur 0.1 0 .5 day June  
High Prairie Road 0.7 9 1 day June  
Long Ridge Road 0.8 13 1 day June  

Lookout Road Annual 0  June  
Lower Rock Fork Road 0.4 5 .5 day June  

Main Stem Road 1.0 3 2 days June  
Upper Mid Basin Road 0.4 0 1 day June  
Lower Mid Basin Road  3  June  

Ranch Road  7 .1 day June  
Ranch Spur 0.2 17 .5 day June  

Rock Fork Road  0 2 days June  
Schoolhouse Loop 0.3 0 .5 day June  

Spring Road  0 .5 day June  
Spring Spur 0.6 1 .5 day June  



 42 

 Routine Maintenance 

 Proposed action = Clean inboard ditch and culvert inlet and grade road surface to 
remove ruts when necessary 

 Equipment used = Grader, excavator, bulldozer, dump truck, slope mower, 
chainsaw and backhoe 

 Periodicity of these actions = Once per four years 
 Determination – May affect, but not likely to adversely affect all listed or 

proposed anadromous fish species 
Watershed 

Name 
Total 

Length of 
Road 

# of stream 
X-ings 

Duration of Field 
Work 

Time of year action 
is planned 

(All projects planned to 
be completed by 1 Nov) 

 

T. Bear Road 0.7 2 .5 day June  
Upper Coyote Peak Road 0.4 ? .5 day June  

Upper Lyons Road 0.7 5  June  
      

Redwood Creek Eastside 
(Other) 

     

C-Line (East) lower 0.7 1 .5 day > 15 Sep  
C-10  3 .5 day > 10 Jul  
C-30  2 .5 day > 10 Jul  

      
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 NON-ROUTINE MAINTENANCE 
 Replacement of culverts and installation of rolling dips 

 Periodicity of these Actions = Once  (RNSP creates dips and/or upgrade culverts where 
there is a risk of crossings plugging, or when fish passage is an issue) 

Equipment = Excavator, Backhoe, Bulldozer, Loader, Grader, Compaction Equip., Dump 
Trucks and chainsaws 

 Determination – May affect, and is likely to adversely affect all listed or proposed 
anadromous fish species 
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Watershed 
Road Name 

Total 
Length of 

Road 

# of stream 
X-ings 

Time of year action is 
planned 

(All projects planned to be 
completed by 15 Oct) 

Estimated number 
of culverts to 

replace 

Estimated 
number of rolling 

dips to be 
installed 

Prairie Creek      
200 2.0 13 > 15 Sep 13  
205 3.5 21 > 15 Sep  12 
240 1.9 4 > 15 Sep  3 
300 0.8 6 > 15 Sep  1 

Off- Highway    6 6 
      

May Creek      
130 1.8 15 > 10 Jul  8 

      
Lostman Creek      

A100 6.8 42 > 10 Jul  24 
A100/140 
Connector 

0.3 2 > 10 Jul  2 

A110 1.1 7 > 10 Jul  2 
A112 1.6 1 > 10 Jul  1 
A120 1.9 13 > 10 Jul  9 
A130 0.6 7 > 10 Jul  1 
A131 0.5 2 > 10 Jul  1 
A140 2.9 14 > 10 Jul  6 
A142 0.6 5 > 10 Jul  4 
A150 1.2 8 > 10 Jul  3 
A160 2.0 1 > 10 Jul  1 
A170 1.3 2 > 10 Jul  1 
A200 2.1 6 > 10 Jul  2 
A350 0.4 4 > 10 Jul  2 
540 0.3 3 > 10 Jul  1 

550 (B550) 3.1 4 > 10 Jul  9 
552 (B-552) 0.6 3 > 10 Jul  1 

560 2.0 13 > 10 Jul  3 
B200 0.6 ? > 10 Jul  2 

Lower B500 3.2 4 > 10 Jul  5 
B200/B500 
Connector 

1.1 7 > 10 Jul  2 

Shangri La Road 1.0 6 > 10 Jul  1 
      

Little Lostman 
Creek 

     

A160 1.1 4 > 10 Jul  1 
 
 

     

McArthur Creek      
L-2-2  6 > 10 Jul 8 0 

      
Elam Creek      
L-1 (East) 0.6 9 > 10 Jul 10 0 
L-1 (west)  7 > 10 Jul 8 0 

L-2 1.4 7 > 10 Jul 3 0 
      

Bond Creek      
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 NON-ROUTINE MAINTENANCE 
 Replacement of culverts and installation of rolling dips 

 Periodicity of these Actions = Once  (RNSP creates dips and/or upgrade culverts where 
there is a risk of crossings plugging, or when fish passage is an issue) 

Equipment = Excavator, Backhoe, Bulldozer, Loader, Grader, Compaction Equip., Dump 
Trucks and chainsaws 

 Determination – May affect, and is likely to adversely affect all listed or proposed 
anadromous fish species 

Watershed 
Road Name 

Total 
Length of 

Road 

# of stream 
X-ings 

Time of year action is 
planned 

(All projects planned to be 
completed by 15 Oct) 

Estimated number 
of culverts to 

replace 

Estimated 
number of rolling 

dips to be 
installed 

M-11/M-11-1 0.8 4 > 15 Sep 8 0 
      

Forty-Four Creek      
A-9  9 > 1 Aug 8 0 

A-9-9  15 > 1 Aug 14 12 
      

Tom McDonald 
Creek 

     

C-Line 5.8 14 > 10 Jul  7 
Upper G-Line  4 > 10 Jul  0 

G-6-1 1.4 7 > 1 Aug 10 0 
B-5  9 Jun  0 

      
Bridge Creek      

M-7-1 1/2  1 > 15 Sep  0 
Rodger’s Peak   > 10 Jul  0 

B-5 (WSA)  14 Jun 1 0 
M-Line 6.5 44 Jun 43 0 

      
      
      

      
 
 
 
 
 
 
 
 
 
 
 
Appendix B: Checklist For Documenting Environmental Baseline and Effects of Proposed 

Action (s) on Relevant Indicators 
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Redwood National and State Parks 
Environmental Baseline and Effects of Proposed Routine and Non-Routine Road 

Maintenance Actions on Relevant Watershed Indicators in the Redwood Creek Watershed 
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Indicators Environmental Baseline Effects of the Action(s) 
Water quality 
 
Temperature 
Sediment 
Chem contamin. 

Prope
rly 
Functi
oning 

At Risk Not Functioning Restore Maintain Degrade 

PC  RC Long-term  Short-term 
 PC RC Long-term  Short-term 
Lower RC At risk-Agriculture; PC, no info Long-term   

Habitat Access 
 

Barriers 

Prope
rly 
Functi
oning 

At Risk Not Functioning    

RC PC  Long-term   
Habitat elements 
Substrate 
LWD 
Pool Frequency 
Pool Quality 
Off-channel habitat 
Refugia 

Prope
rly 
Functi
oning 

At Risk Not Functioning    

 PC RC Long-term  Short-term 
PC  RC Long-term   
PC  RC Long-term   
PC RC  Long-term   
PC  RC Long-term   
PC  RC Long-term   

Channel condition 
Width/Depth 
Bank cond. 
Floodplain  

Prope
rly 
Functi
oning 

At Risk Not Functioning    

PC  RC Long-term   
PC  RC Long-term   
PC RC RC-at levees Long-term   

Flow/hydrology 
 
Peak flow/base*  
Increase drainage network* 

Prope
rly 
Functi
oning 

At Risk Not  
Functioning 

   

PC  RC Long-term   
PC  RC Long-term   

Watershed condition 
Road density 
Road location 
Dist. History 
Riparian Reserves 
 

Prope
rly 
Functi
oning 

At Risk Not  
Functioning 

   

 PC** RC Long-term   
 PC RC Long-term   
 PC RC Long-term   
PC  RC Long-term  Short-term 

 
RC=Redwood Creek and tributaries 
PC=Prairie Creek and tributaries 
 
* Includes effects from remaining watershed upstream of park lands 
** Includes roads in Lost Man drainage, tributary to Prairie Creek 
 

Appendix C:  Sediment-Budget Calculations and Supporting Information 
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SEDIMENT BUDGET FOR THE REDWOOD CREEK WATERSHED, 1954 - 1980 
 
A sediment budget was constructed for the Redwood Creek watershed for the purpose of 
documenting the location, timing and volumes of major sources of sediment (both natural and 
management-related), the volume of sediment storage and the sites where that sediment is stored 
in stream channels, and the net sediment output from the Redwood Creek basin at Orick, 
California.  The budget was based on a combination of fieldwork, monitoring and stream gaging, 
interpretation of aerial photographs and extrapolation of results from other studies.  The time 
period chosen (1954-1980) encompasses four large floods in the basin (in 1964, 1972 [two 
floods], and 1975), and was bracketed by the availability of air photos in 1954 and 1978.  Field 
mapping in 1980 filled in many gaps in the air photo interpretation.   In the following sections 
are descriptions of how each item in Table 1 was estimated.    Various investigators in studies 
spanning many years used many different measurement units.  We tried to list the original 
measurements along with the appropriate conversions.  All estimates for this sediment budget 
were converted to English tons, based on measurements of bulk densities of soil, colluvium and 
alluvium (listed below).   This sediment budget does not differentiate sediment according to 
particle size, and both bedload and suspended sediment-sized particles are considered.  We 
recognize that many of the items listed are rough estimates, and are based on extrapolations of 
data from small study sites to large areas.  Nevertheless, we feel this method is adequate to show 
the relative importance of various erosional processes even if the exact volumes of sediment 
cannot be measured. 
 
SEDIMENT PRODUCTION ASSOCIATED WITH ROAD NETWORKS:  
 
Unpaved logging roads are commonly a source of sediment to streams channels.  Roads 
contribute sediment through several processes: cutbank erosion and failures, surface erosion 
from unpaved roads, erosion of inboard ditches, road fill failures, landing failures, and erosion of 
road fill at stream crossings.  Although not as large as haul roads, skid roads and skid trails are 
more numerous and also contribute sediment to stream channels.   In addition to those sources of 
sediment listed below, there are several unmeasured sediment sources: cutbank and road fill 
failures that were not included under other mass movement categories, landing failures that feed 
into a stream, and sheetwash and cutbank erosion from skid trails.  As more data are collected 
from field studies, these categories may  be added to the budget.   
 
Cut bank erosion:  
 
Ten grids of nine erosion pins each were installed on the east side C-line in Redwood National 
Park in 1979 (Madej, unpublished data).  Pins were 9-inch steel nails that were painted orange, 
and they were driven into the cutbank perpendicular to the ground surface until they were flush 
with the ground.  Pins were spaced 18 inches horizontally from each other, above the talus pile at 
the toe of the cutbank.  Data covers period from Nov. 1979 to June 1986 (seven winters,  with 
moderate intensity rains) at 10 sites, on both schist and sandstone terrain.   Only 48 pins 
remained undisturbed for the seven-year period.  For the 48 erosion pins that remained intact for 
seven years, mean depth of erosion was 1.12 inches.  (1.12 in/7 years = 0.16 inch/year, or 1.6 
inches (0.13 ft)  in 10 years.)  There was no significant difference between sandstone and schist 
terrain. 
Many assumptions and simplifications were used to estimate a sediment yield from cutbanks: 
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1) Based on erosion pin data, a rate of 0.13 ft. of cutbank retreat in ten years was applied to 
all haul roads in the basin.  On abandoned roads, it was assumed that 10 years after road 
construction, a combination of revegetation and the cessation of road grading and ditch 
cleaning would protect cutbanks from further significant erosion and contribution of 
material into inboard ditches.   Without road grading and ditch cleaning,  a debris apron 
forms at the base of cutbanks and stores material eroded from upslope cutbanks.  
Cutbank slides would contribute sediment over and above that recorded by erosion pins, 
but this factor was not measured in the field.   

 
2)  Haul roads were assumed to have only one cut bank (no throughcuts were considered), 

with an average height of 10 ft.  Skid trails were assumed to have negligible cutbank 
erosion. 

 
2) All material eroded from the cutbank was assumed to reach the inboard ditch.  Based on 

a road inventory in Redwood National Park (Spreiter, 1995) of more than 700 culverts, 
70% of culverts draining inboard ditches feed into stream channels (the remainder were 
ditch relief culverts or drained springs).  This value is considerably higher than Raines 
and Kelsey’s value for Grouse Creek, an adjacent watershed.  However, most of the 
1,400 miles of roads in the Redwood Creek basin are abandoned or unmaintained, with 
few functioning waterbars or ditch relief culverts.  Therefore, we assumed that about 
70% of sediment reaching the inboard ditch were delivered to a stream during the first 
ten years after road construction, with no contribution to streams after 10 years.  

 
3) About 1400 miles of road were constructed in the Redwood Creek basin by 1978.  
 
4)  A bulk density of 100 lbs/ft3 (1.6 g/cm3) based on soil surveys (Popenoe, 1987) was used 

to convert volumes of eroded cutbank material to mass.   (This bulk density was used for 
all hillslope erosion calculations, unless noted otherwise).   

 
The calculation used was: 
 
10 ft. high cutbanks  x 0.13 ft. retreat  in 10 years  x 5280 ft/mile = 6864 ft3 for each mile of haul 
road over 10 years x 70% delivery = 4805 ft3/mile 
 4805 ft3/mile = 240 tons/mile of haul road over a 10-year period. 
 240 tons/miles of road x 1400 miles = 336,000 tons from cutbank erosion 
 
This estimated yield of 240 tons/mile of road is similar to that of  Reid and Dunne’s 
measurement of cutbank erosion of 15 metric tons/km of road per yr  (=26.6 tons/mile of road 
per yr or 266 tons/mile of road in 10 years) for logging roads on the Olympic Peninsula, but 
greater than Raines and Kelsey’s 1991 estimate of 13.5 tons/mile/yr or 135 tons/mile per 10-year 
period for Grouse Creek, a 170 km2 basin adjacent to Redwood Creek.    
 
 
 
 
 
Surface Erosion from Unpaved Roads: 
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Estimates of surface erosion were based on Reid and Dunne’s work (1984) on logging roads in 
the Clearwater River, Olympic Mountains, Washington.  There, under  3900 mm/yr of rainfall on 
sandstone and graywacke bedrock, the sediment yields from unpaved roads varied by use level:   
 
 Heavy use   500 tonnes/km/yr 
 Moderate use    42 tonnes/km/yr 
 Abandoned    0.51 tonnes/km/yr   
 
These values need to be adjusted for conditions in the Redwood Creek basin.  For Redwood 
Creek, the amount of surface erosion is  probably less than in the Olympics because rainfall 
totals and rainfall intensities are less.  Raines and Kelsey accounted for the difference in 
precipitation between Grouse Creek and the Clearwater basin by multiplying sediment yield rates 
by  0.76 (the ratio of the Grouse Creek R factor (a rainfall and runoff factor) to the Clearwater R 
factor).  Redwood Creek has about the same R value as Grouse Creek, so the same method was 
used.  Also, the average width of haul roads in the Redwood Creek basin is six meters (20 ft.) 
(based on road inventories of more than 150 miles of roads), which is 1.5 times the average 
width of roads in the Clearwater basin.  Finally, only the sediment washed off from roads that 
drains into stream channels (via inboard ditches and culverts) should be counted in this sediment 
budget.  From road inventories in the Redwood Creek basin (Spreiter, 1995), 70% of  road 
drainage structures feed into stream channels.  Thus, the adjustment factor for Redwood Creek is 
0.76 x 1.5 x 0.70 = 0.80.  
 
Erosion from road surfaces is very sensitive to traffic levels (Reid and Dunne, 1984), which in 
turn is dependent on the type of timber harvest, length of the harvest plan, and post-harvest 
activities.  It was assumed that during the time period 1954-1980, all roads in the Redwood 
Creek watershed had heavy use for one year during timber harvest, moderate use for three years, 
and were abandoned the remainder of the time. 
 
1400 miles of road constructed by 1978 = 2250 km of road. 
 1) Heavy use:  2250 km x   500 tonnes/km/yr x 1 yr =  1,125,000 tonnes 
 2) Moderate use: 2250 km x 42 tonnes/km/yr x 3 years:     283,500 tonnes 
 3) Abandoned: 2250 km x 0.51 tonnes/km/yr x 23 years =       26,400 tonnes 

Total =       1,434,900 tonnes from surface of roads from 1954 -1980. (= 1,581,000  
English tons) 
 

Adjustment factor applied to roads: 0.80 x 1,581,000 tons = 1,265,000 tons.   
If roads were actually heavily used for two years instead of one (which depends on the harvest 
history and log hauling routes), the total amount eroded over the 23-year period would be: 
  
2.2 x 106  tonnes (2,400,000 English  tons) or adjusted sediment production of 
    1,920,000 tons. 
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In Table 1, the smaller amount is listed because the level of road use is not well known.  
 
Skid Trails  
 
Little quantitative information is available for erosion from skid trails.  Best and others (1995) 
determined erosion due to rilling and water diversions on skid trails in the Garrett Creek 
watershed (this value does not include skid trail stream crossing failures or general surface 
lowering from sheetwash).   There, on about 5 km2 of lands with logged coniferous forests, 
29,182 tonnes of sediment came from erosion on skid trails, or 5836 t/km2.   Best (1984) stated 
that 348 km2 of the Redwood Creek basin was tractor yarded.  An additional 20.5 km2 in Lost 
Man Creek was logged, and mostly tractor yarded.  We applied the erosion rate from skid trails 
in Garrett Creek to all tractor-yarded lands (142 mi2) in the Redwood Creek basin: 
 368.5 km2 x 5836 t/km2 = 2,150,566 tonnes = 2,400,000 tons  
 
Erosion from Inboard Ditches 
 
Based on a study of Garrett Creek, a tributary of Redwood Creek (Best and others, 1995),  
2086 tonnes of road material eroded from inboard ditches along 12.7 km of road, or 165 tons of 
material/km of road, from 1956 to 1980.  
 
This erosion rate was applied to the 2250 km of haul roads in the Redwood Creek basin:  
 2250 km x 165 tonnes/km = 371,000 metric tonnes = 410,000 tons. 
 
Erosion from Haul Road Stream Crossings  
 
Stream crossing failures contribute significant amounts of road fill into stream channels.  Various 
inventories have produced several estimates of this type of erosion in different terrains.    The 
older the road and the more storms it has weathered,  the higher the probability that a crossing 
will have failed.  Eighty percent of the roads in the Redwood Creek basin were built before the 
large storms in 1972 and 1975, and 66% of them were built before the 1964 flood.   Many 
crossings failed and were rebuilt, only to fail again.  Weaver and Hagans (1987) measured 
failures of crossings in haul roads and skid trails on 2214 ha in Redwood National Park, and the 
average crossing failure volume was 48 m3.  Measurements for skid trail crossings were not 
distinguished from haul road crossings, and this value is considered to be low for the watershed 
as a whole.   Best (unpublished data) measured erosion at 140 stream crossings.  He found the 
average failed crossing volume (n = 51) was 208 yd3 (160 m3).    The Redwood National Park 
inventory of more than 900 stream crossings  (Spreiter, 1995) listed the average volume eroded 
from all stream crossings as 230 yd3, which  includes crossings with no failure volume.   In 
Garrett Creek (Best and others, 1995) 111 crossings were inventoried.  Of these, about 50% of 
the crossings failed during the study period, and the average failure volume was 74 - 186 m3  
(97  - 243 yd3).   There are several sets of road inventory data that have not been finalized yet, 
and so the appropriate value for sediment derived from failed stream crossings will be revised as 
new data become available.   This value will also be refined as failure rates are stratified by age 
of road and slope position.    In the present  version of the sediment budget, we assumed a failure 
rate of 50% during the study period (1954 to 1980) and used a value of  200 yd3 an estimate of 
erosion from failed stream crossings in the Redwood Creek basin.  
 
The next task was to estimate the number of stream crossings in the Redwood Creek basin.  Field 
mapping and air photo interpretation during various studies (Bundros, Klein, Alpert; Redwood 



 51 

National Park, unpublished data) inventoried the number of stream crossings on 90 mi2 of the 
Redwood Creek basin (one-third of the basin area).  The number of crossings ranged from 21 to 
45 crossings/mi2.  For this budget the value of 30 crossings/mi2 was used. 
 
 Upstream of park boundaries: 162 mi2 x 30 crossings/mi2 = 4860 crossings 
 Park lands: 116 mi2  - [24,315 acres of old growth, or 38 mi2] = 78 mi2 
 78 mi2 x 30 crossings/mi2 = 2348 crossings 
 
For this basin, a total of 7200 crossings is equivalent to about 5 crossings/mile of haul road.  
The estimated sediment input from haul road crossing failures during this time period is: 
 
 7200 crossings  x 50% failure rate x 200 yd3/failed crossing  = 720,000  yd3  
 720,000 yd3  x  1.62 tons/yd3 = 1,166,400 tons   from 240 mi2 of roaded land. 
 
This value is lower than that for the nearby upper mid-Grouse Creek basin measured by Raines 
and Kelsey (2.79 m3/ha, or 7800 t/mi2), but higher than that for upper Grouse Creek and Cow 
Creek (900 to 1000 t/mi2) (Raines and Kelsey, 1991).   
 
Skid Trail Crossings 
 
Various road and hillslope inventories (Best, Alpert, Spreiter; unpublished data) documented 
average skid trail crossings to be 25 to 50 yd3 in size.   Several assumptions were used to 
estimate an erosion rate from skid trail crossing failures on tractor logged hillslopes:  
 
1) Skid trail density is 16 to 42 km/km2 (Best, unpublished data), which is two to five 

times the haul road density.  Some areas have skid trail densities 7.5 times haul road 
densities (Redwood National Park, 1981).  So, we assumed skid trail crossing density is 
four times that of haul road crossings, or 120 crossings/mi2 of tractor-logged terrain.  

 
2) Assume average crossing failure volume is 25 yd3. 
 
3) Assume 75% of skid trail crossings failed during this time period (field observations 

seem to bear out a higher failure rate in skid trail crossings than in haul road crossings) 
 
4) Best’s land use report says about 35,000 ha of the Redwood Creek basin was tractor 

yarded, and an additional 2050 ha were cut in the Lost Man area, or 37,050 ha (= 143 
mi2) 143 mi2 x 120 crossings/mi2 x 25 yd3 x 75% = 321,750 yd3 = 521,000 tons  from 
failures of skid trail crossings. 

 
 
 
 
 
 
 
Surface Erosion from Disturbed Ground 
 
Weaver and Hagans (1987) estimated the mass of  sediment eroded from bare ground based on 
sediment trough data (0.05 to 0.1 cm of ground surface lowering during the first winter following 
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ground disturbance.)  That rate of ground lowering was roughly similar to what Marron and 
others (1995) measured from erosion pins installed on bare ground (0.03 cm to 0.46 cm/yr ).  
Weaver and Hagans stated that only 3600 ha of bare ground (1/3 of the harvested area of 10,770 
ha) would  
actually contribute sediment from surface erosion to streams.  The mass of sediment reaching 
streams can be calculated by using their mean lowering rate of  0.075 cm x 3600 ha = 270,000 
m3 = 477,000 tons.  
 
Next, this value was extrapolated to the remaining area of the drainage basin.  Best (1995) states 
that between 1949 and 1978,  25,445 ha (62849 ac) of the Redwood Creek watershed was logged 
upstream of Redwood National Park boundaries.  This figure only includes the original logging 
of old-growth forests, and does not include later reentries and harvest of second-growth.  By 
1970, 65 percent of the original coniferous forests of the basin had been logged, and practically 
all of that was tractor-yarded.  Cable logging became more common in steep areas adjacent to 
streams between 1970 and 1978, but less than 6% of the watershed was cable yarded (Best, 
1984).  For this rough estimate of surface erosion, erosion from disturbed lands on cable yarded 
cuts is treated the same as on tractor-yarded areas.  The assumption is that only one-third of the 
disturbed ground contributed sediment to a stream channel (Weaver and Hagans, 1987). 
 
 0.33 x 62849 ha = 20740 ha = 207.4 km2  
 207.4 km2 x .0075 m of surface lowering = 1,555,500 m3 = 2,750,000 tons 
 
The Lost Man Creek basin was not included in Best’s 1995 study.  There, approximately 2050 ha 
were logged: 
  20.5 km2 x .0075 m = 154,000 m3 = 271, 500 tons 
 
Total amount of surface erosion: 
  272,000 -Lost Man Creek 
  477,000 - Redwood National Park lands  
  2,750,000 - Land upstream of Redwood National Park boundaries. 
             3,499,000 tons 
 
GULLIES 
 
A) Prairie gullies: 
 
From field measurements and air photo interpretation Walter (1985) estimated the sediment 
production from gullies on all prairies in the Redwood Creek basin, including both natural and 
road-related gullies (248,411 m3, or 440,000 tons) between 1954 and 1978.  
 
 
 
 
B) Forested lands: 
 
Gullies are a common erosional feature on lands that have had timber harvest and road 
construction.  Most gullies are caused by stream diversion.  Such diversions are commonly 
caused by plugged or misplaced culverts.  Stream diversions on roads produced most of the 
largest gullies and the bulk of hillslope erosion from the roaded areas.  For example, Weaver and 
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others (1995) documented that 94% of the total volume of hillslope erosion in the South Copper 
Creek study site was caused by diversions.  In addition, Best and others (1975) found that 66% 
of road-related fluvial erosion in the Garrett Creek watershed was caused by stream diversions. 
 
1) Within Redwood National Park boundaries: Weaver and Hagans (1987) extrapolated 

field measurements of gully erosion on 22 km2 of logged lands to all logged lands within 
the park. Their estimate of sediment derived from gully erosion is 1,200,000 (2,100,000 
tons). 

 
2) Upstream of Redwood National Park’s  boundary: Weaver and Hagans’s extrapolation 

(1987)  used soil classifications to define high, moderate and low yield terrains for gully 
erosion.  Popenoe (personal communication) categorized Hugo and Masterson soils as 
those most susceptible to fluvial erosion.  In the Park Protection Zone and upper basin 
15,272 acres (6183 ha) are underlain by these soil types, so the high yield rate of Weaver 
and Hagans (260 m3/ha) was applied to this area.   Stable soils, in terms of gully erosion, 
are Trailhead and Orick soil types (Popenoe, personal communication).  Upstream of 
park boundaries only 476 ac (193 ha) are underlain by these soils.   In the remainder  of 
the upper  basin (25620 ha),  soils were considered to be at moderate risk from gully 
erosion, and we applied Weaver and Hagans’ value for moderate yields (64 m3/ha.)    
The estimate of gully erosion for lands upstream of the park and for the Lost Man Creek 
basin (excluding prairies), is: 

 
  3 ha x 260 m3/ha =  1,608,000 m3 
   193 ha   3 m3/ha =            579 m3 
  25,620 ha x 64 m3/ha = 1,640,000 m3 
    2,045 ha x 64 m3/ha =     131,000 m3  
(estimate for Lost Man basin)   3,379,579 m3 = 5,967,000 tons 
 
Total gully yield for Redwood Creek basin: 
 440,000 tons-prairies 
          2,100,000 tons-in Redwood National Park 
          5,967,000 tons - upstream of park, and Lost Man 
         8,507,000 tons 
 
 
 
 
 
 
 
 
STREAMBANK EROSION 
 
Streambank Erosion along tributaries 
 
The length of stream channels of various stream orders was determined by using Redwood 
National Park’s geographic information system, based on blueline streams shown on USGS 
1:24,000 topographic maps, with extensions of small channels based on contour crenulations.  
Raines and Kelsey (1991) extrapolated the amount of streambank erosion for each order stream 
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from measurements in the adjacent basin of Grouse Creek.   Field observations in tributary 
basins of Redwood Creek and cross-sectional survey  data in third- and fourth-order streams 
(1974 to 1988, unpublished data) support these extrapolated values.   These values of streambank 
erosion in tributaries do not include streamside landsliding (which is documented in a later 
section).  The time frame of streambank erosion is difficult to pinpoint exactly.  Undercutting of 
young tree roots and the prominence of bare banks suggest recent erosion, but not precise timing.  
The value of sediment production from tributary streambank erosion for Redwood Creek could 
be refined by stratifying tributaries by bedrock and land use, and by making more intensive field 
measurements, but this step has not been completed yet.  
 
Stream 
Order 

Miles of Channel 
(Length in Meters) 

Streambank 
Erosion (m3/m)* 

Sediment 
Production 

(m3) 

Sediment Mass 
(tons) 

1 1529 (2.46 x 10^6) 0.17 418,296 600,000 

2 473 (761,000) 1.63 1,240,000 1,780,000 

3 183 (295,000) 1.57 463,571 664,100 

4 86.2 (139,000) 0.20 27,740 40,000 

5 61.2 (98,500) 0.31 30,500 44,000 

   TOTAL 3,130,000 

* Based on Raines and Kelsey (1991) streambank erosion values for Grouse Creek.  
 
Mainstem Bank Erosion 
 
The width of bare or sparsely vegetated gravel bars and the low flow channel of Redwood Creek 
defined the active channel width of Redwood Creek.  The active channel width increased greatly 
in several reaches of Redwood Creek during the 1964 flood, and to a lesser extent, during the 
1972 and 1975 floods  (Nolan and Marron, 1995).    Channel widening does not automatically 
translate into bank erosion, however, because much of the channel widening was due to an 
excessive amount of gravel being deposited on surfaces that were formerly covered with trees 
and shrubs.  Also, streamside landslides were tabulated separately, and erosion of the toes of 
such slides was included under that category.   Although cross section measurements yield the 
most accurate values for bank erosion, cross section data are not available to assess the effects of 
the 1964 and 1972 floods.  In addition, cross section monuments were commonly established on 
stable points, such as bedrock outcrops, so cross section surveys may not be representative of 
typical bank conditions in a reach.    
 
Bank erosion along Redwood Creek was documented in two ways.  The first was by field 
mapping of erosion features.  Field evidence of bank erosion included undercut tree roots and 
toppled streamside trees.  This estimate is a minimum, however, because once the tree is washed 
away, little evidence for the amount of lateral retreat remains.   The second method used 
sequential aerial photographs from 1954, 1958, 1965 and 1978 to measure bank erosion.  The 
problem with using air photos is that determining accurate scales from older air photos was 
difficult.  The exact location of streambanks was commonly obscured by shadows from large 
streamside conifers.   It was also difficult to determine accurate bank heights.  Bank height 
information was gleaned from the recent cross section surveys and field mapping.    Channel 
widening through the erosion of three large gravel bars during the 1964 flood accounted for 25% 
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of the total mainstem bank erosion.  Although the alluvium in these bars originally was derived 
from upslope erosion processes, these were stable bars that had been deposited prior to 1954.  
Thus, counting erosion of these bars as sediment production during this time period is not double 
counting the volume of sediment.  The mass of sediment derived from streambank erosion along 
Redwood Creek between 1954 and 1980 is  2,070,000 tons. 
 
MASS MOVEMENT 
 
Streamside landslides along mainstem of Redwood Creek 
 
Kelsey and others (1995) determined the volume of material contributed by streamside debris 
slides and earthflows along the mainstem of Redwood Creek.  Landslide volumes were measured 
in the field, with supplemental measurements from air photos.  Between 1954 and 1980, 
4,000,100 m

3
 (7,100,000 tons) of sediment entered Redwood Creek from these slides.  

 
Landslides in tributary basins: 
 
Pitlick (1995), through a combination of field mapping and air photo interpretation, determined 
the contribution of streamside debris slides in 16 tributary basins in the Redwood Creek.    
Almost 90% of the slides occurred post-1954, and these slides contributed 3,900,000 tons of 
sediment to tributary channels.   He also classified tributary basins and their associated 
contribution of landslide material during the period 1954-1978 as: 
 Redwood dominated vegetation, Low relief:     5,000 t/km2 
 Redwood dominated vegetation, High Relief:  13,800 t/km2 
 Douglas fir dominated vegetation, High Relief: 26,100 t/km2 
 
We extrapolated those rates of sediment production from streamside landslides to tributary 
basins, which were not sampled and mapped during Pitlick’s study.  
 
 Douglas fir, High Relief basins: 142 km2 x 26,100 t/km2  = 3,706,200 tonnes 
 Redwood, Low Relief basins:  42.5 km2 x 5000 t/km2     = 212,500 tonnes 
 Redwood, High Relief basins  2.9 km2 x 13,800 t/km2       = 40,020 tonnes 
 Lost Man Creek, also Redwood, 
 Low Relief:      (4089 ha x 5000 t/km2      = 204,450 tonnes 
Total debris slide input from unsampled tributaries: 4,163,000 tonnes (4,600,000 tons). 
 
 
Earthflows 
 
The most extensive mass movement features in the watershed are earthflows (Nolan and others, 
1976; Harden and others, 1978).  The total area covered by active earthflows represents about 
10% of the Redwood Creek watershed upstream of the confluence of Redwood and Prairie 
Creeks and very active earthflows comprise 2% of this area (Harden and others, 1978).  The 
earthflows classified as “very active” can be considered streamside landslides in that they deliver 
sediment directly to major channels. 
 
Earthflows are slow-moving (0 to 20 feet per year) persistent landslides.  They are generally 
grass-covered rather than forested, and are often gullied (Gully erosion on these features was 
counted under “Prairie gullies”).  Studies in and near the Redwood Creek watershed by Kelsey 
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(1978; 1980), Harden and others (1978), Nolan and others (1979a), Iverson (1984) and Iverson 
and Major (1987) have shown that earthflows deliver sediment to stream channels through both 
mass movement and fluvial processes and that earthflow movement is related to annual rainfall 
and patterns of groundwater flow.  These previous studies have found that earthflows, despite 
their  
 
large areas, contribute relatively little sediment to Redwood Creek .  Long-term data collection at 
the Minor Creek earthflow supports this interpretation.  The Minor Creek earthflow contributes 
sediment directly into Minor Creek, a major tributary channel.  The average volume of material 
contributed annually to Minor Creek by the landslide can be computed as the product of width, 
depth, and annual movement rate.  Approximate width of the landslide near its toe is 260 feet.  
Depth to the failure surface is about 16 feet, and the long-term average rate of movement is about 
1.6 feet per year (Iverson and Driedger, 1993).  The annual average sediment volume transported 
downslope to the channel is therefore about 250 cubic yards.  Assuming a bulk density of 1.59 
tons per cubic yard, based on data of Iverson (1984), the average mass of sediment contributed to 
the stream annually is about 400 tons. 
 
If the 25-acre Minor Creek earthflow is considered representative of the 3,050 acres of very 
active earthflows in the entire Redwood Creek watershed (Harden and others, 1978), total 
earthflow sediment production can be estimated at approximately 50,000 tons per year, or 
1,350,000 tons from 1954 to 1980.   The estimate of annual sediment production is about 3% of 
the average annual sediment load of the creek.  This calculation supports earlier findings that 
earthflows are not major sediment-producing features in the Redwood Creek watershed.   
 
 
 
 
 
 
 
 
 
 
 
 
Forested Blockslides: 
 
Sonnevil and others (1987) estimated 64,150 m3 (113,300 tons) of sediment was derived from 
blockslides from schist terrain within the park between 1954 and 1980.  The area of park lands 
underlain by Redwood Creek schist is about 14,500 ha, or 145 km2. (64,150 m3/145 km2 = 442 
m3/km2) 
 
We assumed that the same rate of blocksliding occurs on the schist terrain upstream of the park 
boundary: 3846 ac of South Fork Mountain schist and 42,481 ac of Redwood Creek schist.  We 
also assumed that forested blockslides will deliver sediment directly into stream channels.  
  
 46,327 ac = 18,755 ha = 187.6 km2 
 187.6 km2 x 442 m3/km2 = 83,000 m3 =         147,000 tons from upstream of park 
       + 113,300 tons  - park lands 
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                  260,300 tons  
Debris torrents 
 
The estimate of sediment production from landslides in the above section only considered those 
slides adjacent to high order (third to fifth order) channels.   In some parts of the basin, especially 
those underlain by the Incoherent Unit of Coyote Creek (44,673 ac or 181 km2),  debris torrents 
are common higher on the hillslopes and contribute sediment into lower order stream channels.  
The Garrett Creek study (Best et al, 1995) reported a rate of 4021 t/km2 of sediment from road-
related debris torrents from 1956 to 1980, and in the adjacent basin of Grouse Creek Raines and 
Kelsey (1991) reported a similar rate for debris torrents of 4830 t/km2 during the same time 
period.   
 
Based on the above values, an estimated yield from debris torrents for the Redwood Creek basin 
is: 
 181 km2 of susceptible terrain x 4500 t/km2 = 814,500 tonnes = 900,000 tons 
 
CHANGE IN CHANNEL-STORED SEDIMENT 
 
Change in Sediment Storage in Tributaries: 
 
Pitlick (1995) estimated the total amount of sediment stored in 74 tributaries to be 2 x 10^6 
tonnes (2.2 x 10^6 tons).  But this is not a change in storage, and the tributaries had already 
stored some sediment behind log jams and in gravel bars before the large floods of 1964, 1972 
and 1975 occurred.  We have no data on pre-1954 tributary sediment storage.  Madej (1987) 
reported that 60-100% of recent flood deposits in tributaries were flushed out within 10 years of 
the flood, based on an analysis of tributary cross section data from 1974 to 1986.  So, in this 
sediment budget we estimate that 80% of the amount of sediment that Pitlick measured in the 
tributaries was there before the flood, because the “excess” flood deposits would have been 
quickly flushed out of the steep tributary channels.  
 
 2,200,000 tons x 20% = 440,000 tons = Net addition to storage in tributary stream  
       channels from 1954 to 1980 
 
Change in Sediment Storage in RedwoodCreek 
 
Based on field measurements and air photo interpretation, Madej (1995) estimated that there was 
a net increase of 9.4 x 10^6 tonnes (10,400,000 tons) of sediment stored in the channel of 
Redwood Creek from 1947 to 1980.  Most of this sediment was deposited during the 1964 flood.  
Details of field methodology and locations of sediment storage are listed in the 1995 report.    
 
SEDIMENT OUTPUT 
 
Bedload and suspended sediment have been  measured near the mouth of Redwood Creek at the 
Orick gaging station since 1971.   The U.S. Geological Survey publishes yearly summaries of 
these gaging efforts in their annual Water Resources Data reports.  In addition, Knott (USGS, 
unpublished memo, 1981) estimated the probable sediment yields before gaging stations were 
established,  for the period of 1954 to 1971.  The total sediment output for Redwood Creek, 
including both bedload and suspended sediment discharge, for the period 1954 to 1980 was 
45,000,000 tons.    
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Appendix D: Fish Prescence Maps 
 
























































































































































