
Humboldt Redwood 
COMPANY. LLC 

March 17,2011 

Ms. Catherine Kuhlman 
California Regional Water Quality Control Board 
North Coast Region 
5550 Skylane Blvd, Suite A 
Santa Rosa, CA 95403 

Main Office 
P.O. Box 37 
Scotia, CA 95565 
(707) 764-4472 

Timber Operations 
P.O. Box 712 
Scotia, CA 95565 
(707) 764-4472 

Subject: Emollment of THP 1-11-008 HUM in the Elk River WWDR, "Tier I and II" 

Dear: Ms. Kuhlman 

HRC is requesting Tier I and II enrollment under Watershed-Wide Waste Discharge Requirement 
(WWDR) Order No. RI-2006-0039 for THP 1-11-008 HUM. The tier 1 portion of the plan proposed 
for enrollment is comprised of 112.7 acres of group selection and 0.2 acres of right of way 
harvest(56.5 clear-cut equivalent acres). The Tier II portion of the plan proposed for enrollment is 
comprised of 51.6 acres of group selection and 0.7 acres of right of way harvest(26.5 clear-cut 
equivalent acres). Total acres currently emolled or proposed for emollment under Order No. Rl-
2006-0039 Tier II is shown in the Attached Pre-Harvest Planning Report. The Erosion Control Plan 
(ECP), Form 200 and an waste discharge enrollment fee are attached. Since the PHI no new ECP 
sites have been found. The THP is not yet approved. However is has gone through 2nd through with 
no outstanding issues. Close of Public comment is set for 4/2/2011 and the plan should be approved 
no later 4113111 

Tier 2 Review 

Landslide risks associated with this plan were evaluated in compliance with the Freshwater Creek and 
Elk River WWDR Permit Acreage Emollment and Compliance Monitoring Program Quality 
Assurance Project Plan (Version 2.0, September l, 2006) approved by the Executive Officer of the 
North Coast Regional Water Quality Control Board. This approach uses commonly accepted 
standards for geologic practices in forest management (Sidle et al. 1985, Soeters and Van Western 
1996, and Sidle and Ochiai 2006) to assess factors known to contribute to landslides, such as steepness 
of slope, slope convergence, hydrology, geologic features, and visibly unstable areas. Overlapping 
and complementary scientific techniques combining state-of-the-art digital elevation model (DEM) 
slope stability models, field investigation, and terrain analysis were used in this assessment. 

The slopes emolled for Tier 2 harvest are underlain by underlain by undifferentiated Wildcat Group 
fine grained silts, sands and clays (please see THP Geology Report). The slopes are generally 
moderately inclined with numerous low order watercourses within poorly defined channels. Past 
harvest activities have imparted significant surface alteration due to road building. Utilizing this 
impact as a measure of slope stability sensitivity, the underlying geology coupled with the generally 
moderate slope inclinations and multitude of watercourses appears relatively stable (the slope are laid 



back and well drained), Very few unstable areas were identified during Note 45 geologic assessment 
In addition, those practices which produce the high degree of ground disturbance are not proposed in 
this harvest Since the highly impactive legacy harvest activities resulted in insignificant mass 
wasting, we anticipate that our modern partial harvesting with recognition and mitigation of existing 
unstable areas coupled with less disturbing yarding practices further reduces this potential to 
insignificant As such, it is our opinion that the approved THP acres proposed for enrollment meet the 
Tier II enrollment requirements, 

The THP proposes an uneven-age silviculture retaining 120 sq,ft of basal area, except for group 
openings, Sub-merchantable trees and those with specific wildlife value characteristics (e,g" cavities, 
large limbs, broken tops, snags, etc,) will be retained within the harvest area to the extent feasible, 
Cable and tractor yarding is approved for the entire unit Post-harvest no site preparation will occur. 

Greater detail regarding this landslide hazard assessment is provided in the attached THP Unit Review 
for Tier 2 Enrollment, The licensed geologist involved with the Tier 2 landslide risk evaluation has 
concluded the proposed harvest operation, if implemented as planned and approved, will result in a 
negligible increase in potential for post-harvest landsliding; and thereby meets the applicable Zero 
Delivery oflandslide related sediment performance standards ofNCRWQCB Orders Rl-2006-0039 
and Rl-2008-007L 

Please do not hesitate to contact me should you have any questions or comments regarding this 
application for enrollment into WWDR (Order No, RI-2006-0039), 

Respectfully, 

on oessner, 
ea Forester, RPF 2571 

Humboldt Redwood Company, LLC 

Attachments: 
Professional Certification of Design 
THP Unit Review for Tier II enrollment 
Pre-harvest Planning Report 
Maps 



Table 1. P d2011 H ,,,,,,"' •. "UjJU""'U';UII M""Vt;~l'" South Fork Elk R IV"" 

Silviculture Hazard 
THP Name THP Number Unit Number CC ROW Dis VR SHR SEL CC Equivalen L~ Hi h 

I:ron Gate " tier 1 0.2 112.7 56.5 107.8 5.1 
iron gate " tier2 02 51.6 26,3 523 

, -_ ... 
828 

2Hazard Acres are reported here to confonn to the requirements of the Pre-Harvest Planning Report The Staff Landslide Model in South 
Fork Elk River allows up to 114 Acres irrespective of Hazard Class Acres ft:lported are true acres 
"Does not include 18 acre no-harvest area 

Highlight indicates a THP and Specific Unit to be enrOlled prior to establishing an enforceable Zero Discharge Monitoring 
Plan. Weighted Acreage Totals are listed belOW' to demonstrate compliance with the Staff Landslide Model limit of 114 
Acres in South Fork Elk River. Other THP Units will be enrolled after approval of the aforementione{j Monitoring Plan 

No Highlight Indicates a THP and Specific Unit to be enrolled after establishment of an enforcable Zero Discharge 
Monitoring Plan (Tier II) 

Table 3, S ,fTHPs by YardinQ Svst. 'dU''''';>, O>Url"""fY c Id Site P "n' """ "'''',' r-''''jJd''''''UH for South Fork Elk R 

Yardin S stem Site Pre aration 
THP Name THPNumber Unit Number Ground Based Yarder Helico ter Mechanical Broadcast 

iron Gate tier 1 10 102.9 
iron gate lIer2 15 37.3 
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HUlnboldt Redwood 
COMPANY. LLC 

THP: Iron Gate THP 11-008 

~--

THP Unit Review for Tier 2 Enrollment 

Unit # 1 March 5, 2011 

.. _-

Tools Used in This Assessment Figure Number 

Elevation Map with lOft Contours (HRC LiDAR) I 
SHALST AS (Montgomery and Dietrich, 1994 and Palco, 2 

! 
2006) I Slope Class I Hillshade Maps 

CGS Geology and Geomorphic Features (CGS, 2005) 3 
- --
Mass Wasting Potential Map (HRC, 1999) 4 

• 

Aerial Photo Map (HRC, 2007) 5 

I 

-
HRC Elk River and Salmon Creek W A deep-seated LS 6 
inventory (HRC, 2004) 

Road Condition Map 7 

Please see back of enrollment for references 

Summary of Changes to THP Prescriptions Based on Ticr II Analysis in this Unit: 

Geologic Review Forestry Silviculture/Site Prep Plan Operational Design Plan 

I-I THP approved silviculture is mostly group selection The approved THP proposes ground based yarding 
with small areas of single tree selection in RMZ outer on gently inclined slopes near the ridge top. The 
bands. majority of the unit is approved for cable yarding. 

No site preparation will occur due to partial harvesting. No change to approved yarding methods. 



THP Unit Review for Tier 2 Enrollment 

Geological Summary (information presented from existing bodies of work): 

The THP included a Note 45 Geology report to address potentially unstable areas within the THP. The map series supplied in Tier II 
review was vetted during THP layout and culminated in the final THP prescriptions with respect to both harvest and road proposals. The 
report confirmed unstable areas within Unit I and provided harvest restrictions sufficient for both retention of slope stability and reviewing 
agency approval. For a more comprehensive review of the geology associated with this harvest unit, please see the report in Section 5 of 
the THP. This review is brief summary of the geology report found in the THP. Landslides documented in the geology report are outside 
the areas proposed for Tier II. 

The unit is located on south facing slopes flanking a low relief east-west trending ridge. The unit covers a large area resulting in planar, 
convergent and divergent slope forms that range from gently to steeply inclined. Numerous watercourses extend into the unit and are 
typically poorly defined near the ridge top transitioning to well defined in the lower slope positions. The harvest unit is located over 250 
feet upslope from the South Fork Elk River, a Class I watercourse. 

Figure 3 shows the unit to be underlain by the Undifferentiated Wildcat Group sediments. These sediments are composed of silts, sands, 
clays, and infrequent gravels that are moderately consolidated. No landslides or landforms are mapped within the Tier II acres on Figure 3. 

Figure 6 shows 2 areas of deep-seated mass wasting that extend into the proposed Tier II acres. These areas correspond with low to 
moderate Mass Wasting Potential shown on Figure 4. No evidence of deep-seated mass wasting was observed in these areas during tield 
review. 

Figure 2 (Hillslope shade) reveals shadows indicative of consistent and even weathering of the slopes within the unit. The transition from 
flanking slopes to the ridge-top is sharp and distinct. Segments of the truck roads and skid trails contrast distinctly with native slopes. 

The area has been previously clearcut and ground-based logged with steam donkeys and bulldozers. Ground disturbance is observable 
throughout the unit in response to past harvest practices. The most recent harvesting occurred under the Forest Practice Rules and 
consisted of ground based yarding of pre-commercial thinning and salvage silviculture with stream buffers. The landscape mass wasting 
response to this harvest entry appears to be significantly reduced by these harvest methods and significant areas of concentrated ground 
disturbance are localized on landings and skid trails. 

~~~~~~~~ .... __ . __________ ---.l 

THP 11-008 Unit 1 Page 2 of6 Iron Gate THP 



THP Unit: # 1 
Polygon: 1-1 

A) General Observations 

THP Unit Review for Tier 2 Enrollment 

A small portion of the unit is to be enrolled as Tier II acres. Tier II enrolment acres are concentrated in the upslope, central and western 
portions of the unit. 

No Class I watercourse Riparian Management Zones extend into the unit. 

Typical Riparian Management Zones for the Class II watercourses includes a 30-foot no harvest inner band and a selection buffer that 
extends the RMZ out to between 75 and 100 feet. The outer band may be harvested but must retain a minimum of 60% canopy closure. 

The implemented THP mitigation for the Class III watercourses includes the retention of all trees growing within the active channel and all 
trees 8 inches and less within 15 feet of the channel. Where channel sideslopes are greater than 50%, a 100' RMZ has been established 
and maintaining 75 sq. ft (or the adjacent retention standard if greater) evenly distributed in the buffer. Where side slopes are less than 
50% employ a 50' RMZ that maintains 75 sq. ft (or the adjacent harvest retention standard if greater) evenly distributed in the buffer and 
no group opening greater than Y. acre immediately above the terminus of class III with slopes greater than 40% or immediately above a 
headwall swale. Additionally sub-merchantable trees and those with specific wildlife value characteristics (e.g., cavities, large limbs, 
broken tops, snags, etc.) will be retained within the harvest area to the extent feasible. 

SHALST AB modeling (Figure 2) highlights one Value 1 area consisting of 2 pixels within the proposed Tier II acres. The area is located 
adjacent a Class II, Class III watercourse confluence and truck road crossing. The Class II harvest exclusion zone has been expanded to 75 
and \00 feet and encroaches on one of the pixels. The pixels are within a landslide mapped for watershed analysis deep-seated landslide 
inventory. No other landslides have been mapped in the vicinity. Figure 4 models low mass wasting potential in this area. Value 2 pixels 
are slightly more prevalent. We counted 5 Value 2 pixels that roughly correlate with the right lateral margin of a landslide mapped for 
watershed analysis. We observed no correlation between SHALSTAB Value 1 and 2 pixels and landslides mapped for the Note 45 
Geologic Evaluation provided for this harvest plan. 

Figure 4 shows Mass Wasting Potential (MWP) modeling for the unit varies from low to high. Low MWP is modeled in the majority of 
the unit. Moderate MWP is also prevalent in the lower slope positions of the unit. One area of high MWP extends into the operational 
portion of the unit. The high MWP is located in the southern, down slope portion of the unit and is not proposed for Tier II acres. 

THP 11-008 Unit 1 Page 3 of6 Iron Gate THP 
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A) General Observations 
Eight landslides and landforms were identified in the unit by the project geologist. The unstable areas identified are all associated with 
skid trails, roads, or streamside slopes and often a combination of skid trails in or adjacent watercourses. One landslide (LS-6) is not 
within Class II RMZ protection. None of the landslides and landforms identified by the project geologist are within areas proposed for 
Tier II acres. 

B) Harvest Related Impacts and Hillslope Sensitivity ___________ ~. 

Extensive ground disturbance appears to be the most significant component to develop a landslide atop the soils within the unit (see 
geology report). Those activities are not proposed in this plan. The current planned cable yarding of the more steeply inclined slopes will 
result in less surface disturbance and significantly reduce the potential for mass wasting. Coupled with a partial harvest, the mass wasting 
potential is reduced even more. 

Significant surface disturbance has occurred within the unit in response to past logging activities. The disturbance is the culmination of 
road and layout construction. Following that impact, the area appears to have adjusted through minor slumping and settling and has 
reforested. 

The extensive RMZs were designed to provide sediment filtration bands adjacent the watercourses should extensive sediment be generated 
from the clearcut harvesting. The current level of harvest will retain both canopy closure and slash from the harvested trees potentially 
increasing the effectiveness of the sediment filtration band to the whole unit. 

Overall hillslope sensitivity with respect to the proposed selection harvest appears minimal with respect to mass wasting. 

Please see the THP geology report for a more comprehensive assessment of the role that timber harvesting has on slope stability. 

C) Forestry / Silviculture Plan 

We have not changed the silviculture in response to this evaluation. 

nIP 11-008 Unit 1 Page 4 of6 Iron Gate THP 
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D) Operational Design Plan 

THP approved yarding method is cable where moderate to steeply inclined and ground based on gently inclined slopes, generally near the 
ridge top, As delineated, the proposed yarding methods appear appropriate, 

References: 
CGS, 2005, Geologic and Geomorphic Features Related to Landsliding, Elk River Watershed, Humboldt County, California. Department of 

Conservation, now California Geological Survey (CGS) Watershed Mapping Series, Mapset 4, Plate I. Available via the web at 
fip:/ lfip.consrv .ca. gov /pub/ dmg/thp/maps/ elk! elk. co lor .pdf 

Montgomery, D.R. and W.E. Dietrich, 1994. A physically based model for the topographic control on shallow landsliding. Wat. Resour. Res. 30: 1153-1171. For 
specific details regarding the model used in this evaluation, please see Palco, 2006. Additional information from the model authors is available at the 
tollowing website: http://socrates.berkeley.edul-geomorph/shalstab 

HRC, 2007, Ortho-photo rectified aerial photographs flown by 3Di West, Eugene Oregon, 

HRC, 2008. Freshwater Creek and Elk River WDR Permit Acreage Enrollment and Compliant Monitoring Program, NCRWQCB RI-2006-0039 and RI-2006-
0041, Quality Assurance Project Plan, Version 3.0. Policy document submitted to NCRWQCB dated June 7, 2006, 

HRC, 2004, Elk River I Salmon Creek Watershed Analysis, Scotia, California, prepared for Pacific Lumber Company (PALCO) dated 2004?, and acquired by 
Humboldt Redwood Company, LLC in 2008. 

HRC, 2005, (Policy Acquired from The Pacific Lumber Company (PALCO» Prescriptions Based on Watershed Analysis for Freshwater Creek, Calitornia, August 
15,2002. 

HRC, 1999, The Pacific Lumber Company's Habitat Conservation Plan, Vol. 2 Part D, Landscape Assessment of Geomorphic Sensitivity, Public Review Draft. 

THP 11-008 Unit 1 Page 5 of6 Tron Gate THP 



THP Unit Review for Tier 2 Enrollment 

Brief descriptions of the models used in this evaluation: 

SHALSTAB was first described in Dietrich and Montgomery (1994). SHALSTAB is a simple, physically-based model based on the 
Mohr-Coulomb failure law that can be used to map shallow landslide potential. The model calculates the potential for failure using 
gridded digital elevation data. The simplicity of the model lies in the formulation of slope stability parameters that allow the model to 
be run parameter-free using default values suggested by the authors or determined by local measurement. Because the model uses no 
field measurements of critical characteristics that determine slope stability, the evaluation of potential instability is only an 
approximation. In applying SHALST AB for Tier 2 enrollment, HRC has run the model on a 10-m spatial grid using LiDAR elevation 
data and applied the parameters as suggested by the model authors. HRC's application of the method and parameters is described in 
HRC (2008). 

Mass Wasting Potential (MWP) modeling is a cursory regional assessment that numerically values soil, slope inclination, geology 
type, and geomorphology with respect to past mass wasting (HRC, 1999). The sums of the values specific to an area are measured 
against a set ranking system that extends from very low to extreme. The models intent is to highlight areas of high potential for 
instability at the planning level. The model's use at the site specific level is limited in that pedogenic soil types are used, not textures, 
the geologic formations utilized provide one value for all of the incorporated facies, and the model is heavily biased if past mass 
wasting has occurred or has been mapped as occurring in the area. 

THP 11-008 Unit 1 Page 6 of6 Iron Gate THP 



I, Tagg Nordstrom 
Name 

Professional Certification of Design 

P.G.7950 
license # 

4117111 

hereby certify, in accordance with North Coast Regional Water Quality Control Board 
(NCRWQCB) Order Nos. Rl-2006-0039 and Rl-2006-0041, that the attached application and 
the description ofTHP moditications, and the materials submitted along with: 

THP No. 1-11-008 HUM (Iron Gate) Unit #-.1 

a. are in accordance with accepted practices, and recognized professional standards; 
b. comply with the requirements of the Monitoring and Reporting Program No. R 1-2008-007 I, 

approved by the Executive Officer oflhe North Coast Regional Water Quality Control 
Board; and 

c. provided that the THP is properly implemented, operated, and maintained, are adequate for 
the THP to meet the applicable Zero Net Delivery performance standards ofNCRWQCB 
Orders Rl-2006-0039, Rl-2006-0041, and Rl-2006-0103, insofar as such perfomlance can 
reasonably be predicted by accepted engineering geologic practices. 

The opinions presented in the subject THP have been developed using that degree of care and 
skill ordinarily exercised, under similar circumstances, by reputable engineering geologists 
practicing in this or similar localities. No other walTanty, expressed or implied, is made as to the 
professional advice included in this repOli. 



CALIFORNIA ENVIRONMENTAL 

State of Cali fomi a 
Regional Water Quality Control Board 

ApPLICATION/REPORT OF WASTE DiSCHARGE 
GENERAL INFORMATION FORM FOR 

'~e'" 
WASTE DISCHARGE REQUIREMENTS OR NPDES PERMIT 

A Facility· I FACILITY INFORMATION 

Name: THP 1-11-008 Iron Gate 

Address: 

Clly: I County: State: ZipCodc: 

ConlactPerson: Jon Woessner Telephone Number: 707-764-4376 

B. Facility Owner: (timber owner) 
Name: Humboldt Redwood Company LLC Owner T ypc (Check One): 

1. o Individual 

Addres~: P.O. Box 712 3. D Governmental 
Agency 

City: Scotia Is,",,: CA Z:p: 95565 5. 0 Otller 

2. t8l Corporation 

4. o Partllership 

Contact Person: .Ton Woessner Telephone Number: \ Federal Tax !D: 

707-764-4376 

C. Facility Operator (The agency or business, not the person): (plan submitter) 
Name: Humboldt Redwood Company LLC Owner Type (Check One): 

1. o lndividual 2. t8l Corporation 

Address: P.O. Box 712 3. D Governmental 4. o Partnership 
Agency 

City: Scotia Is",,: CA Z:p: 95565 5. 0 Other 

Contact Person: Jon Woessner Telephone Number: I Federal Tax ID: 

707-764-4376 
D. Owner ofthe Land· 
Name: Humboldt Redwood Company LLC Owner Type (Check One): 

J. 0 Individual 2. IS] Corporation 

Address: P.O. Box 712 3D Governmental 4. 0 Partnership 
Agency 

City: Scotia Is",,: CA City'. State: CA 
Scotia 

Contact Person: Jon Woessner Telephone Number: I Federal tax 10: 

707-764-4376 

E Add . ress Wh ere L ega IN otIce" M ay B S e erve d : 
Addres,: 125 Main Street 

City: Scotia Is,",,: CA Zip: 95565 

Contact Persall: Mike Jani Telephone Number: 707-764-4403 

F B II I Add mg, ress: 
Addreo~: P.O. Box 712 

City: Scotia Is",,: CA Z:p: 95565 

Contact Person: Jon Woessner Telephonc Numbcl: 707-764-4376 

Form 20t) ((1/97 i 

I 



CALIFORNIA ENVIRONMENTAL 

rne~ State ofCalifomia 
Regional Water Quality Control Board 

ApPLICATION/REpORT OF WASTE DISCHARGE 

GENERAL INFORMATION FORM FOR 
WASTE DISCHARGE REQUIREMENTS OR NPDES PERMIT 

II. TYPE OF DISCHARGE 

Check Type of Discharge(s) Described in this Application (A Q!: B): 

t:8J A. WASTE DISCHARGE TO LAND o B. WASTE DISCHARGE TO SURFACE WATER 

Check all that apply: 
o Domestic/Municipal Wastewater 

Treatment and Disposal 

D Cooling Water 

Mining 

Waste Pile 

Wastewater Reclamation 

o Animal Waste Solids 

o Land Treatment Unit 

o 
o 
o 

Dredge Material Disposal 

Surface Impoundment 

Industrial Process Wastewater 

o Animal or AquaculturaJ Wastewater 

o Biosolids/Residual 

o Hazardous Waste (see instructions) 

o Landfill (see instructions) 

o Storm Water 

o 
o 
o 
[gJ Other, please describe: Timber harvest activities 

III. LOCATION OF THE FACILITY 

Describe the physical location of the facility. 

1. Assessorls Parcel Number(s) 
Facility: 
Discharge Point: 

[gI New Discharge or Facility 

D Change in Design or Operation 

D Change in Quantity/Type of Discharge 

2. Latitude 
Facility: 
Dischar!!e Point: 

IV. REASON FOR FILING 

3. Longitude 
Facility: 
Dischan!e Point: 

o Changes in Ownership/Operator (see instructions) 

o Waste Discharge Requirements Update or NPDES Permit Reissuance 

o Other: 

v. CALIFORNIA ENVIRONMENTAL QUALITY ACT (CEQA) 

Name of Lead Agency: California Department of Forestry and Fire Protection 

Has a public agency determined that the proposed project is exempt from CEQA? 0 Yes cgJ No 

If Yes, state the basis for the exemption and the name of the agency supplying the exemption on the line below. 

Basis for Exemption/Agency: 

Has a "Notice of Determination" been filed under CEQA? DYes [gJ No 
If Yes, enclose a copy of the CEQA document, Environmental) mpact Report, or Negative Declaration. If no, identify the 
expected type of CEQA document and expected date of completion. 

Expected CEQA Documents: 
D EIR 0 Negath'e Declaration I Expected CEQA Completion Date: 

rorm 200 (6/97 



CALIFORNIA ENVIRONMENTAL 

~o'" State oCCatifornia 
Regional Water Quality Control Board 

ApPLICA TION/REPORT OF WASTE DiSCHARGE 
GENERAL INFORMATION FORM Fon 

WASTE DISCHARGE REQUIREMENTS OR NPDES PERMIT 

VI. OTHER REQUIRED INFORMATION 

Please provide a COMPLETE characterization of your discharge. A complete characterization includes, 
but is not limited to, design and actual flows, a list of constituents and the discharge concentration of each 
constituent, a list of other appropriate waste discharge characteristics, a description and schematic 
drawing of all treatment processes, a description of any Best Management Practices (BMPs) used, and a 
description of disposal methods. 

Also include a site map showing the location of the facility and, if you are submitting this application for 
an NPDES permit, identify the surface water to which you propose to discharge. Please try to limit your 
maps to a scale of 1:24,000 (7.5' USGS Quadrangle) or a street map, if more appropriate. 

VII. OTHER 

Attach additional sheets to explain any responses which need clarification. List attach ments with titles and dates below: 

You will be notified by a representative of the RWQCB within 30 days of receipt of your application. The notice will state 
if your application is complete or if there is additional information you must submit to complete your Application/Report 
of Waste Discharge, pursuant to Division 7, Section 13260 ofthe California Water Code. 

VIII. CERTIFICATION 

"I certify under penalty of law thai this document including all attachments and supplemental information, were prepared under my direction and 
supervision in accordance with a system designed to assure that qualified personnel properly gathered and evaluated the information submitted. 
Based on my inquiry of the person or persons who manage the system, or those persons directly responsible for gathering the inionnation, the 
infonnatioll submitted is, to the best of my knowledge and belief. true, accurate. and complete. 1 am aware that there are signiticant penalties for 

Title: N orthem Area Manager 
submitting false in/onTIation, including the possibility of fine and imprisonment." 

Print Name: Jon W r1ssner 

Signature/Jr.,lUa.UJ.;h_/\ Date: I~ 3-/1'/1/ 
v 

FOR OFFICE USE ONL Y 
Date Form 200 Received: Letter to Discharger: Fee Amount Received: Check #: 



Humboldt Redwood Company LLC 

Erosion Control Plan (ECP) for 
the "Iron Gate" THP 

This plan is being included in the THP to partially meet the requirements 
of the North Coast Regional Water Quality Control Board 

Watershed-wide Discharge Requirements. (WWDRs) 

All operational portions of this ECP 
that are to be enforced through the Forest Practice Rules 

have been included in Section II of the THP. 

Version 20080819 

.. '2,q 3 
.-;:-" 



Humboldt Redwood Company LLC Erosion Control Plan (ECP) 

This document addresses the requirements of the California Regional Water Quality Control Board, North Coast Region 
Order No. R1-2006-0039 (Elk River) for an Erosion Control Plan (ECP) related to timber harvest activities on Non-Federal 
lands in the North Coast Region (Sec. III 02 and 03). The responsible party for this ECP is Humboldt Redwood 
Company LLC, P.O. Box 71.2 Scotia, CA 95565 (707) 764-2330. 

This ECP is submitted' for: Iron Gate: Iron Gate 
Contact Person: jon Woessner [North Area Manager] Phone: (707) 764-4376 

The landowner is committed to a wide variety of measures to prevent and minimize the discharge or threatened discharge 
of sediment from controllable sediment discharge sources as part of this project into the waters of the state in violation of 
applicable water quality requirements. Prevention and Minimization of Controllable Sediment Discharge Sources 
associated with this project are identified in the Control/able Sediment Sources table. The specific conditions of sediment 
discharge sources and a summary of prevention and minimization measures (Section I) are identified in the table. General 
prevention and minimization measures for the project (Section II) are incorporated in the ECP by reference. 

The RPF andlor the RPF DeSignee have conducted an inventory of potential "controll13ble sediment discharge sources" 
within the project area. As defined in California Regional Water Quality Control Board Order No. R1-2006-0039 (Elk 
River). 

"Controllable sediment discharge source" means sites or locations, both existing and those created by proposed 
timber harvest activities, within the Project area that meet all the following conditions: 

1. is discharging or has the potential to discharge sediment to waters of the state in violation of applicable water 
quality requirements or other provisions of these WWDRs, . 

2. was caused or affected by human activity, and 
3. may feasibly and reasonably respond to prevention." 

Upon guidance of the North Coast Regional Water Quality Control Board (NCRWQCB) staff, discharge from the source 
must be likely to occur during the life of the Timber Harvesting Plan (THP) and WWDR. (Holly Lundborg, personal 
communication) 

The inventory method consisted of an appurtenant road survey, aerial photos and ground assessments of the harvest 
units, and a complete ground assessment of all watercourses and associated stream protection zones. 

The schedule for implementing the prevention and minimization management measures for the controllable sediment 
sources will be consistent with the duration of the THP. These measures will be implemented in accordance with the 
priority level assigned to each site. High priority sites will be addressed first with low priority sites to follow. Work at all 
sites will be accomplished prior to THP expiration. The general prevention and minimization measures will be 
implemented concurrent with operations. 

I. Inventory and Treatment of Controllable Sediment Sources 

All controllable sediment sources are listed in the attached "Erosion Control Plan" table. These sources have been 
assigned a treatment priority of low, medium or high based on: 1) potential for significant sediment delivery to a Class I, II 
or III channel; 2) treatment immediacy (a subjective combination of event probability and sediment delivery); and 3) 
treatment cost-effectiveness. 

The Prioritization for implementing prevention and minimization measures for road-related and non road-related 
controllable sediment sources is based upon guidance provided in Order No. R1-2006-0039 (Elk River). Highest priority 
is aSSigned to the largest sediment discharge sources that discharge to waters that support domestic water supplies or 
fish. The landowner's prioritization method considers this guidance, and combines it with consideration for accessibility 
and level of imminent risk of significant sediment discharge. Sources that receive a high priority rating will be treated by a 
date certain as noted in the Controllable Sediment Sources table. Sources that receive a low or med'lum rating are 
determined to have a low to moderate risk of imminent discharge and will be treated prior' to completion of the THP, or as 
otherwise indicated. 

Non-road related controllable sediment sources can include skid road crossings, yarding furrow, skid road in watercourse, 
perched skid road fill, skid road rutting. landslide, layouts, railroad grade, incline, etc. 

Information specific to Controllable Sediment Discharge Sources is listed in the Controllable Sediment Sources Table, 
below. An explanation of information provided in that table is provided below. 

- ·-Iron Gate-- _. . - -Section'V 



II. General Prevention and Minimization Measures for Controllable Sediment Discharge 

In addition to the site specific measures detailed above, the general measures proposed in this project, either as required 
by. another State or Federal regulating agency, or as a matter of Humboldt Redwood Company policy, will prevent or 
minimize future sediment. delivery. These measures include, but are not limited to measures incorporated in the THP 
Section Items as follows: 

THP Section II: 
• Item 14 - Describes silvicultural prescriptions 

• (i) Site Preparation - Disclosure of selected site preparation treatments and mitigation measures 
• Item 16 - Harvestinq Practices - Describes yarding systems, equipment utilized, equipment limitations, and 

drainage facility installation timing 
• Inclusive through (m) - eqUipment use limitations and mitigation 

• Item 18 - Soil Stabilization - waterbreak requirements, mitigation to minimize soil disturbance and sediment 
transport 

• Item 20 - Ground Based Equipment Use Location 
• Item 21 - Ground Based Equipment Use in Sensitive Areas -locations, descriptions of operations, limitations and 

mitigation measures 
• Item 22 - Alternative Practices to Harvesting and Erosion Control 
• Item 23 - Winter Operations - Provides descriptions of limitations and mitigation measures required during winter 

period operations and Winter Operating Plan 
Item 24 - Roads and Landings - Describes road and landing construction and re-construction operations, 
limitations, drainage relief structure installation, mitigation measures, road maintenance, inspections and wet 
weather road use restrictions 

• Item 25 - Site Specific Measures to Reduce Adverse Impacts and Special Instructions to the L TO 
• Item 26 - Watercourse and Lake Protection (WLPZ) 

Item 27 - "In Lieu" WLPZ Practicers) 
Item 28 - Downstream Water Users Notification and Domestic Water Supply Protection Description of protection 
measures 

• Item 29 - Sensitive Watershed - Identifies whether the plan is located in a designated sensitive watershed and 
mitigation measures 

• Item 29 - 1 Hilisiope Management (HCP 6.3.3.7) - Describes HCP hillslope management measures required as 
per watershed analysis 

THP Section V: 
Sediment Reduction from Roads and THP Sediment Production--Including Table 1 - "Sediment Delivery for Units 
and Roads for this THP," references, letter regarding Road related sediment assessment for this THP with the 
calculations of deliverable net cubic yards of sediment, calculations and PWA information related to the THP 
project area when available. 

III Inspection Plan and Reporting Requirements 

A. Inspection Plan 
The Inspection .plan is designed to ensure that all required management measures are installed and functioning prior 
to rainfall events; that the management measures are effective in controlling sediment discharge sources throughout 
the winter period; and that no new controllable sediment discharge sources developed. 

B. Qualified and trained professionals will conduct all specified inspections of the project site to identify areas causing or 
contributing to a violation of the applicable water quality requirements or other provisions of these WWDRs. The 
responsible party for inspection and reporting is Jon Woessner (707) 764-4376 . 

C. No inspections are required in Project Areas where Timber Harvest Activities have not yet commenced. 

D. Project Areas where Timber Harvest Activities have commenced and no winter period Timber Harvest Activities have 
occurred inspections will be conducted each year and throughout the duration of the Project while Timber Harvest 
Activities occur. -

a. The Project is covered under WWDRs and the following inspection requirements will begin at the startup of timber 
harvest activtties within the Project area: 

i. By November 15 to assure Project Areas are secure for the winter period; 
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ii. Once following ten (10) inches of cumulative rainfall commencing on November 15 and prior to March 1, 
as worker safety and access allows; and 

iii. After April 1 and before June 15 to assess the effectiveness of management measures designed to 
address controllable sediment discharges and to determine if any new controllable sediment discharges 
sources have developed. . 

b. Project Areas with Winter Period Timber Harvest Activities will conduct inspections of such Project Areas while 
Timber Harvesting Activities occur and the Project is covered under the WWDRs as follows: 

i. Immediately following cessation of winter period Timber Harvest Activities to assure areas with winter 
Timber Harvest Activities are secure for the winter; 

ii. Once following ten (10) inches of cumulative rainfall commencing on November 15 and prior to March 1, 
as worker safety and access allows; and 

iii. After April 1 and before June 15 to assess the effectiveness of management measures designed to 
address controllable sediment discharges and to ,determine if any new controllable sediment discharges 
sources have developed. 

c. Inspection reports will identify where management measures have been ineffective and when repairs and design 
changes will be implemented to correct management measure failures. 

d. After completing the required inspections, and when it has been determined new controllable sediment 
discharges sources have developed, the ECP, implementation schedule, and inspection plan will be updated, if 
required, consistent with the WWDRs and submit the updated documents to the Regional Water Board to 
maintain coverage under the WWDRs. If the approved amendment is found to be out of compliance with the 
WWDRs, the Project will be amended to be consistent with the provisions of the WWDR within 30 days, or 
coverage under the WWDRs will be terminated. The Project will then be required to seek Project coverage under 
an individual WDR. 

e. Equipment, materials, and workers will be available for rapid response to failures and emergencies, implement, as 
feasible, emergency management measures depending upon field conditions and worker safety for access. 

D. If during the inspection or during the course of conducting timber harvest activities, a violation of an applicable water 
quality requirement or conditions of WWDRs is discovered, the following procedures will be followed: 

a. When it has been determined that discharges are causing or contributing to a violation or an exceedence of an 
applicable water quality requirement or a violation of a WWDR prohibition: 

i. Corrective measures will be implemented immediately following the discovery that applicable water 
quality requirements were exceeded or a prohibition violated, followed by notification to the Regional 
Board by telephone as soon as possible but no later than 48 hours after the discharge has been 
discovered. The notification will be followed by a report within 14 days to the Regional Board, unless 
otherwise directed by the Executive Officer, that includes: 

1. the date the violation was discovered; 
2. the name and title of the person(s) discovering the violation; 
3. a map showing the location of the violation site; 
4. a description of recent weather conditions prior to discovering the violation; 
5. the nature and cause of the water quality requirement violation or exceedence or WWDR 

prohibition violation; 
6. photos of the site characterizing the violation; 
7. the management measure(s) currently being implemented; 

. 8. any maintenance or repair of management measures; 
9. any additional management measures which will be implemented to prevent or reduce discharges 

that are causing or contributing to the violation or exceedence of applicable water quality 
requirements or WWDR prohibition violation; and, 

10. the signature and title of the person preparing the report. 
11. the report will include an implementation schedule for corrective actions and describe the actions 

taken to reduce the discharges causing or contributing to violation or exceedence of applicable 
water quality requirements or WWDR prohibition violation. 

E. For other inspections conducted where violations are not discovered, a summary report will be submitted to Executive 
Officer by June 30lh for each year of coverage under the WWDRs or upon terminat'ion of coverage. The summary 
report, at a minimum will include the date of inspections, the inspector's name, the location of each inspection, and 
the title and name of the person submitting the summary report. 
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If helicopter operations are proposed for this project, please find attached a Columbia Helicopters, Inc. (CHI) Fuel Spill 
Prevention and Cleanup Plan For Columbia Helicopters Field Operations. No helicopter- operations are proposed for 
this plan, 

Explanation of Information Included in the Controllable Sediment Sources Table 

Column Explanation 
Heading 

Site No. Site identification unique to proiect area 
Site Type A description of the existing site. Example: Humboldt Crossing; Culvert 

Crosslnll; Unstable Fill; Unstable Cut Slope; Diversion Potential. 
Estimate of A quantitative estimate of the VOlume, in cubic yards, of the total amount of 
Potential potential erosion/displacement of soil that will occur should the site entirely 
Erosion fail. The landowner often uses a methodology developed by Pacific 

Watershed Associates to estimate erosion, which assumes 100% delivery 
of calculated volume-use of this method for individual sites is noted in Site 
Description. 

Potential An estimate of the relative potential for sediment delivery expressed as a 
Sediment percent of the total amount of Potential Erosion that will be discharged to 
Delivery waters of the State should the site fail. 
Percent 
Sediment The volume, in cubic yards, of sediment discharge estimated to be 
Prevention prevented by implementation of the prescribed treiltment. Volume 
Volume represents the Estimate of Potential Erosion multiplied by the Potential 

Sediment Delivery Percent. 
Priority for Treatment priority reflects the immediacy of sediment dlscharge and the 
Treatment relative risk to the receptor, should the site fail. Low priority sites are ones 

that will not likely deliver significant amounts of sediment during the life of 
the WWDR permit, and will be treated prior to filing of THP work completion 
report, which does not exceed 5-years following THP approval date. 
Medium or high priority sites indicate potentially imminent discharge, and 
the timing of treatment is indicted in Implementation Schedule column. 

Implementation Indicates the timing of implementing the prevention and minimization 
Schedule measures listed in the Treatment column. 
Site Provides sufficient information that describes the existing condition of the 
Description site and factors that inform the chosen treatment methods and 

implementation schedule. This information will include a description of how 
the existing condition of the site (ie. stable or unstable) will be affected by 
different storm events, and whether sediment discharge is imminent. For 
example, an unstable site could easily discharge significant amounts of 
sediment in a small storm, thus. the treatment priority should be higher. 
Conversely, a stable site that may take one or more very large storms to 
trigger discharge could be lower treatment priority. If PWA method is used 
to calculate erosion/delivery volumes, 'it will noted here. 

Treatment Sediment discharge prevention and minimization measures that will be 
implemented at the site, including treatment specifications if necessary. 

Attachments: 

• ECP Table 
• Appurtenant Road Map 
• Road Construction Locations / ECP Site Locations Map 

Iron Gate ':l. 0.1 ........... : Section V 



Erosion Control Plan 
Site Site 

Type 
Est. Potential 

Erosion 
(Cu. Yards) 

Project iron gate 
RD: ()IT Road Tractor Crossing 
ST.t\TION: () 

SITE: bfc509 
WOlD: 1241314470 
SFIJIf): R9lN 
REPAIRED: NO 

R I): OIT Road 
STl\T10N: 0 
SITE: hk510 
\-VOID: -1329322705 
SEIlII) 8990 
RFPAIRFIl: NO 

RD: OrfRoad 
STATION: 0 
Slrr.: hl(:541 
WOlD: -324R77:"OO 
SF DID: 9021 
RF'"PAIRED: NO 

RD: Off Road 
STATION: 0 
SITE: X 1 
\\'( llD: 1359702773 
SEDti): ! 124R 
RFP/\IREf): NO 

I~P: OfTRoad 
STATION: 0 
Sri F: X 2 
\\ OlD: R95(lR5330 
Sl'Illll11247 
REP/\!RED: NO 

Tractor Crossing 

Tractor Crossing 

Failing Crossing 

Tractor Crossing 

f~n: LHlfUlfi Humboldt 
SL\T10N: 411 
S! I"F: (' 1 
\Hl!f): 19Rn031 R52 
SEDlI): 11245 
pr!'.\!RE/): NO 

·lhl!I~(1:-Jy. i\1:lrch 17,201 I 

22 

83 

48 

6 

30 

75 

Est. Potential 
Delivery 

(Cu.Yards & %) 

22 100% 

83 100% 

48 100% 

6 100% 

30 100% 

75 100% 

Priority for Implementation Site Description 
Treatment Schedule 

Med 

Med 

Low 

Low 

Prior to THP Final Tractor crossing with intact surface, but full 
Completion. subsurface flow. A sediment trail is below 

crossing. 

Prior to HIP Final 
Completion. 

Large tractor crossing with active head cutting 
on the lower end. This site will merge down to 
site bfc509. 

Priorto THP Final Tractor crossing just above Site bfc542 (5380 
Completion. on the U08.12). 

Prior to THP Final Small CllI tractor crossing, partially washed 
Completion. out. 

Treatment 

Tractor crossing with intact surface, but full subsurface 
flow. Excavate crossing, which may become integrated with 
sites bre5! 0 above and bfeSI2 below. A geologist shall 
evaluate how much of the channel shall be excavated above 
this site, in particular the sediment wedge between sites 509 
and 510. 

Large tractor crossing with active head cutting on the lower 
end. This site will merge down to site bfc509. Excavate 
crossing from the head cutting to the upper stumps. 
Excavation of the lower channel may not be feasible, as doing 
so will create steep, unstable side walls. A geologist shall 
evaluate whether or not to remove the sediment wedge 
between sites 509 and 510. 

Small tractor crossing just above Site bfe542 (5380 on the 
U08.12). Excavate the crossing to grade concurrent with 
completing work on Site 5380. 

Small CII! tractor crossing, partially washed auf. Excavate 
remaining crossing. Access is at the end of the U08.14. 

Low Prior to nIP Final Small em tractor crossing, partially washed out Small cm tractor crossing, partially washed out Excavate 

Low 

Completion. remaining crossing. Access is at the end of the U08.14. 

Prior to Oct 15; 
FIRST year of 

operations. 

Upper end CII!. subsurface flow above and 
below. 

Upper end CII!, subsurface flow above and below. Use 
crossing in its current state. Following operations excavate 
crossing down to channel, exposing inlet and outlet holes at 
TOP and BOT. After excavation annor as may be necessary 
the top and bottom subsurface channel openings to prevent 
collapse. 

This site shall be completed by October 15 of the first year 
this road is used. 
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Site 

R 0: liOfUIR 
ST/\TfON: R07 
SrlF:C2 
W()[J): }25575()}7 
SFDl!): I 124() 
Rf''!',\IRED: NO 

I{ I): IIOR.()RO~ 
SLHION: n3 
Sf I F: (' I 
WOlf): 43 14116R~ 
SF!)!D: II ~43 
Rf;P,\IRFD: NO 

RlJ: UOR.ORO~ 
ST\ I InN: 91.'" 
Sil F: (.]: 

\VOI]) -IKJJJR1."'J:' 
SF DIn: ! 1244-
IUT.\IRFD: NO 

RD: UOR.!2 
S L\ rloN: ."'80 
Sill: (' I 
\\O![): -1144(i}R2:,\O 
SI;DlD: 1123~ 
RFI'.,\IRrD: NO 

Site 
Type 

Watercourse 
()i\'Trsion 

. , .. ~~------

Est. Potential 
Erosion 

(Cu. Yards) 

147 

,---'" 

Failing Crossing 76 

'IU111holdl 50 

Failing Crossing 187 

rilll1'::day. h1nrch 17.201 

Est. Potential 
Delivery 

(Cu. Yards & %) 

Priority for 
Treatment 

Implementation 
Schedule 

Site Description Treatment 

147 100% Low Prior to Oct J 5; cm channel runs subsurface beneath the road cm channel runs subsurface beneath the road for 105 feet 
FIRST year of for 105 teet before exiting to original channeL before exiting to original channel. The road was constructed 

operations. The road was constmcted over the em, both of over the cm, both of which run on a downhill sideslope 
which mn on a downhill sideslope path. path. 

This site will be used in its current condition for one season, 
and abandoned by October 15. Usage of the road will 
consist offilling in the upper sinkhole (at least 6 feet deep) 
and grading the road surface. Operations on the road wi!! 
only take place during the dry period of summer (June or 
later) when this part of the watercourse will be completely 
water free. 
Abandonment Procedures: 
Excavate the entire channel from 807 to 912 .. 
Recontour the outfall slope to ronn an open channel that 
merges with the original channel. Armor the outfall if the 
final gradient appears steep. 
Place a large diplbeml across the road at 767 (uphill of807) 
to disconnect the road surface. 
Slash or mulch the road surface between 767 and 807. 
This site shall be completed by October 15 of the first year 
this road is used . 

------, ........ ~ _. 
76 1000,;i Med Prior to TIlP Final em crosing is slumping. em crosing surface is slumping, possibly a failing 

Completion. Humbloldt. 'Excavate to TOP and BOT flags and install 
culvert. 

50 100'% Low Prior to THP Final cm crossing with subsurface flow. em crossing with suosurface flow. Excavate the crossing 
Completion. from TOP 10 BOT flags, and install culvert. 

,,_._--

187 100°-'0 Med Prior to THP Final Upper em with several sinkholes between Upper em with several sinkholes between TOP and BOT. 
Completion. TOP and BOT. Excavate TOP to BOT and instal! culvert. 
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Sitf' Site 
Type 

RP:lj()R,I~ RockFord 
S L\ no]\]: (i9,"i 
<;11F: C:?: 
\\Oln: 1664119393 

SFDID: 11233 
r~l;p \1RFf): NO 

R[)', llnR, 12 Crossing 
S'1,\Tl0N: fJ]O 
Sil F: (. 3 
\\OID: ~4n6271771 
SF DID: 11234 
l~rr.\IRFn: NO 

Est. Potential 
Erosion 

(Co. Yards) 

37 

23 

RD: UOR.12 Failing Crossing 21 
ST,'\. TION: %,"i 
SllF:('4 
\V01D: -! 5596R7614 
SFDID: 112~5 
}{Fl'MRED: NO 

Rf): L10f<.!2 Failing Crossing 
ST:\T!ON: 1422 
SII E: C 6 
WUID: I (i,"i574977 
SFI)IO: 1123R 
RFPr\mF[): NO 

RI): unR.ll 
SL'\T10N: 1446 
SI IF C J 
\\'{ )If): 1749792366 
SEIJIIl 112411 
RFf';\]PFD: NO 

RD: UOfU:2 
STJ\TION: 1 )\50 
SilT: hf('5()R 
\YOf[): :2126R71116 
SF])!]): 89f<8 
RFPMRFP: NO 

Watercourse 
Diversion 

Failing Crossing 

111l1! sd"y, 1\ brch 17, 20! 1 

26 

4 

50 

Est. Potential 
Delivery 

(Cn.Yards & %) 

37 100% 

23 100'% 

21 100%, 

26 100% 

4 I OO~/o 

50 100% 

Priority for 
Treatment 

Implementation 
Schedule 

Site Description Treatment 

Lmv 

Low 

Low 

Med 

Low 

Med 

Prior to THP Final Tractor use has fi!1ied in the Class III channel. Tractor use has fillied in the upper Class III channel, allowing 
Completion. allowing flow to divert down the road. flow to divert onto the road surface. 

Reconstmct the channel from TOP flag to the road cdge. 
where the rocked ford will be installed. 
Rock annor the right side of the channel where it turns 
sharply to enter the ford. 
Install a rocked ford, making sure that the lower rim of the 
dip is high enough to prevent overllow down the road surface. 
There is no defined channel at the outboard edge. Choose the 
best option of directing flow between the two large stumps 
just below the road edge. Rock annaT the outflow at least to 
the stumps. L WD may be used beyond that 

Prior to THP Final Class m with over road surface flow. Class 1II with over road flow, Excavate crossing from TOP to 
Completion. BOT tlags and Install culvert. Remove the overlaying chunks 

at the TOP, leaving the embedded chunks. Culvert outfall 
will be narrow and steep, channeling betw-een two large 
stumps. Use downspout or well placed dissipation materials 
to prevent scour. Extend lower fill face to stabilize lefliright 
banks. 

Prior to THP Final Upper end Class III flows under the road Upper end Class HI flows under the road surface. Excavatc 
Completion. surface. from TOP to BOT flags and install culvert. Armor the inlet 

basin walls to prevent collapse of soil and buried LWD, 
Constmct inlet basin large enough to capture side flow on the 
right. 

Prior to THP Final Class III flows under the road with visible Class UI flows under the road with visible sinkholes in 
Completion. sinkholes in crossing, crossing, Excavate from TOP to BOT and instal! culvert. 

Prior to THP Final This Class III has been diverted from its 
Completion, original channel at site 1422, and now flows 

onto the road surface. 

Excavate an inlet basin to accept flow fro111 adjacent em at 
1446. 

This Class III has been diverted from its original channel at 
site 1422, and now flows onto the road surface. Reconstmct 
the channel (flagged) to direct flow into the inlet of 1422. Dig 
deep enough to capture soil pipe below. Rock line thc 
channel's lower side to prevent SCOUT. 

Prior to THP Final Subsurface em with collapsing road surface. Subsurface ern with collapsing road surface. 
Completion. Excavate from TOP to BOT and Install an 18 inch cuI vet with 

a rock lined inlet basin. Geologist shaH be on site during 
removal of the fill and logs. 
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Sitf' 

f~D: UOR.!l 
S!i\rHlN: 1990 
S!!F:CR 
\\ ()ID: -R7QJ 11 OIl 
SI-'DID: 112-1-1 
r rr ,In 1·:D: NO 

Rf): UOR.ll 
ST,\r!r)N: 1412 
SIIYbfc512 
\VOID: II ~2S 1 S46 
SFDI!J: SQ91 
lnri\IRPD: NO 

Rl): unR.12 
SI"/\TION: 26'!-7 

SITE: h!t51J 
Wf !If): 1197986003 
SFDI!): 8993 
RFJ'.'\II~Fn: NO 

RD: UnKl2 
STATION: 3126 
Slrf!:('9 
Vd)ID: 1191130131 
SFI)ID: 11141 
RI'P/\1RFD: NO 

HI): UOR.Il 
SOT ,\TlnN: 3%7 
SrIT: hkSIR 
WOI!): -1113789063 
SFD1f): 89QR 
RFP,'\!RFD: NO 

RD: UOR.12 
S1 AriON: 4667 
SIT F: hfcSn 
\\-'r !II): 17980971\92 
SF])lD: 90(l7 
RFPAIREP: NO 

I{ D: unR.ll 
;:;:'] AriON: 4(-,97 
SI I E: hl(:'!-1(-' 
\\ (HI): -I (193~J64q 1 
51;_P]P: \l006 
In[,,\rpf'P: NO 

Site 
Type 

Est. Potential 
Erosion 

(Cu. Yards) 

Rock Ford 132 

Failing Crossing 116 

Failing Crossing In3 

Ilulllholdt 29 

Failing Crossing 118 

Failing Crossing 60 

Failing Crossing tIl 

11"H~d:,\'.i\1::lrch 17,10!1 

Est. Potential 
Delh'ery 

(Cu.Yards & %) 

132 100% 

116 100%) 

10] 100% 

29 100% 

18 100%, 

60 100% 

111 00% 

Priority for 
Treatment 

Implementation 
Schedule 

Site Description 

Low 

Med 

Med 

Med 

Med 

Med 

Med 

Prior to THP Final 
Completion. 

Prior to HIP Final 
Completion. 

Prior to niP Final 
Completion. 

Prior to HIP Final 
Completion. 

Prior to THP Final 
Completion. 

Prior to THP Final 
Completion. 

Prior to THP Final 
Completion. 

A Class III flows across the surface of a large 
landing. diverting left of the original channel. 
The landing has extensive LWD along its 
perimeter. 

CII failing Humboldt with large sediment 
basin above the inlet. 

Failing Humboldt with several sinkholes in the 
road. A small skid road crossing is located at 

the TOP. 

CIII crossing with failing Humboldt. 

Failing Humboldt, just above the Class III ! 11 
split. 

ell crossing is partially washed out. All flow 
is subsurface. The lower side is impacted with 
LWD. 

em road surface has sunk. Flow is subsurface 
above and below the crossing, with heavy 
LWD deposits above TOP. 

Trpatment 

A Class III flows across the surface of a large landing, 
diverting left of the original channel. The landing has 
extensive L WD along its perimeter. Excavate the landing to 
reveal the original channel. Use the onsite L WD for bank 
armoring. Leave the existing road surface intact, and install a 
rocked ford. Use armoring to cover the ncwly exposed outfall 
channel below the ford. 

CII failing Humboldt with large sediment basin above the 
inlet. Excavate TOP to BOT to original channeL Install 24 
inch culveli. This site will become integrated with two upper 
off-road sites, bfc509 and bfc5l O. A geologist shall provide 
oversite as to the extent of sediment removal aboye the 
crossing. 

Failing Humboldt with severa! sinkholes in the road. A small 
skid road crossing is located just below the TOP flag (not 
listed as a sediment site). Excavate the skid road crossing in 
conjunction with the truck road crossing. Install a buttress 
wall as needed at the TOP for support of upstream debris. 
Excavatc the main truck road crossing down to BOT, where 
the watercoursc continues under ground for at least 150 feet. 
AnnoI' the lower entrance hole as needed to prevent collapf'e. 
Install culveli. 

em crossing with failing Humboldt. Excavate from TOP to 
BOT and install culvert. Instal! dissipater at the outlet 

Failing Humboldt, just above the Class III! J1 split. Install 24 
inch culvert. Both top and bottom channel!s are impacted 
with L WO. and (Jaw subsurface. Excavate between top and 
bottom stumps to locate the original channeL Remove the 
L WD mass on the lower left slope. Excavate an inlet basin 
with headwall armoring at the top. Extend lower fill to large 
stump for stabilization of side slopes. 

em crossing has sunk about two feet, with six foot deep 
sinkhole at inboard edge of road. The upper channel is 
completely subsurface. Excavate channel TOP to BOT and 
install cul\'e!i. 

CII! road surface has sunk. Flow is subsurface above and 
below the crossing, with heavy L WD deposits above TOP. 
Excavate channel from TOP to BOT. exposing channel inlet 
and outlet openings. Install culvert. Armor both openings as 
needed 10 prevent collapse. This crossing is basically an out 
of hole, back into hole, with a culvert in between 
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~itf' Site 
Type 

R I): lIOS. I 2 Humboldt 
SL\r[(lN: 4RM 
SITF: hk535 
\V(lID: -1893620558 
SI;!)r/): 9015 
pr;p/\IRED: NO 

Rf): UnR.12 Rock Ford 
STAT"lON: ."i128 
srr E: hfc544 
\Vf)lf): -1788747957 
SF!)I/): 9024 
RFPMRF]): NO 

Est. Potential 
Erosion 

(ell.Yards) 

133 

53 

R!): U~),s.12 Failing Crossing 62 
ST/\TION: 5J,s0 
S! IF hfcS42 
\\'()!!): 1711118<)2!45 

SEDI!): 9(}22 

Hrp{\JRFD: NO 

RI): UOg,I230 Penn<lJ1cnt 
S-I:\TION: 3M) Crossing 
')11 F: C.2 
\\()lI): If(~J774."i38 

SF!)!!): 112J7 
RFI'.'\lRFJ): NO 

n I): lIOE_12JO 
S L\T!ON: 402 

SII I.> hICS07 
\\,(ll[): -19091.'i9R05 
SF])!!): E!)R7 
!HT,\mFP: NO 

RIl: UOE.1230 
S!,\TI()N:-,,(lO 

SII F: hli::,,()6 
\1, (III). fiOl)2R2M 
"\1'1111 J: ,<;:q;';(, 

PIT \!l'F[): NO 

Failing Crossing 

Fniling Crossing 

II"w.J:l\.1\hrch 17.2011 

84 

18 

35 

Est. Potential 
Delh'ery 

(Co. Yards & 'Yo) 

133 100% 

53 100% 

62 100%, 

84 100% 

II{ 100% 

35 I OO'};' 

Priority for 
Treatment 

Implementation 
Schedule 

Site Description 

Med 

Low 

Med 

Med 

Med 

Med 

Prior to THP Final CII crossing is partially washed out. All flow 
Completioll. is subsurface. 

Prior to TI~P Final cm upper end of channel, with no apparent 
Completion. Humboldt. 

Prior to THP Final Cli crossing with failing Humblodt.. Upper 
Completion. and lower channels are impacted and 

subsurface, with steep side slopes. 

Prior to THP Final CIII with subsurface flow. 
Completion. 

Prior to THP Final Mostly washed out CII crossing. 
Completion. 

Prior to THP Final Mostly washed out em crossing. 
Completion. 

Treatment 

CII crossing is partially washed out. All flow is subsurface. 
The lower side is impacted with L WD. Excavate the crossing 
down to grade, from TOP to BOT and install culvert. The 
bottom flag is short, stopping at a mass ofLWD which is 
stabilizing the lower channeL Excavate the lower left 
shoulder (stumps and trees), and stabilize the hank. Extend 
fill as needed to stabilize leftlright side banks. 
The TOP flag is located close to the inlet to prevent the 
creation of instability upstream. Excavate to expose the 
channel, and stabilize the inlet area with rock or L WO. 

Clll upper end of channel, with no apparent Humboldt. 
Install rocked ford. with a rocked outfall of at least 25 teet. 
As an alternative an 18 inch culvert with dissipater or 
downspout may be used. 

ell crossing with failing Humb!odt. Upper and lower 
channels are impacted and subsurface, with steep side slopes_ 
Excavate between TOP and BOT to expose channel, and 
install culvert. Stabilize the lower channel to prevent collapse 
of the entrance hole. 
TOP flag is close to the inlet due to two large stumps in the 
channel. Excavate around the lower stump, removing as 
much edge wood as possible, and create a sma!l inlet basin 
between shlmps. 
Site bfc54 1 lies just above this crossing, and should be 
completed concurrently. 
This site is the sediment savings site for the TllP. 

CIII with subsmface flow. Excavate TOP to BOT and instal! 
culvert. A geologist sha)l delineate the upper Cllt limit. due 
to the presence of scarp lines. and recommend mitigation 
work. This site wi!! blend into site 402. just up the road. 

Mostly washed out en. Excavate TOP to BOT and install 
culvert. This site will blend into site 360 

Mostly washed out Cill crossing. Excavate small inlet basin 
and rock line. instnil culvert 
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RI): liOR.llJO 
STl\T!flN: 694 
SITF: C 3 
\V( HD: 41."0436! 
SF!)f!): 11249 
RFI'A1RE[): NO 

1{ 11: UOR.1130 
STATION: 1077 
S!n~:C4 

\VoID: -119nR46f;:iR 
SEnl!): I12J6 
I~H',\IRFI1' NO 

Site 
Type 

Rock Ford 

Temporary 
Crossing 

Total Estimated Yards 

111I1I'ql:l.\'. r>.hl1'ch 17,2011 

Est. Potential 
Erosion 

(Cu. Yards) 

2 

n 

1968 

Est. Potential 
Delivery 

(Cu.Yards & %) 

2 100% 

27 100% 

1968 

Priority for Implementation Site Description 
Treatment Schedule 

Low Prior to THP Final elll crossing with a shallow. layed back 
Completion. channel. 

Low Prior to HIP Final Mostly dipped out em crossing. 
Completion. 

Treatment 

Cll! crossing with a shallow, layed back channel. Im:tall 
rocked ford. 

em crossing, mostly dipped out. Use crossing as is, 
stabilizing as necessary for usage. At the end of operations 
pull crossing to grade. 
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ENGINEERING GEOLOGIC EVALUATION OF THE IRON GATE THP, HUMBOLDT 
CO .. CALIFORNIA 

Prepared for: Mr. Jon Woessner, RPF. 
Humboldt Redwood Co. 
PO Box 712 
Scotia, CA 95565 

INTRODUCTION 

This evaluation is prepared for the Humboldt Redwood Company (HIl.C), Iron Gate Timber Harvest 
Plan (THP) under the direction of Mr. Jon Woessner, Registered Professional' Forester (RP F) HRC. 
and the project RPF, Mr. Dave Rogers. The purpose of this investigation is to evaluate the proposed 
harvest with respect to potential risks to public health, safety, stmctures and land, as well as sediment 
delivery to watercourses as a result of landsliding resulting from THP activities. The 
recommendations from this investigation were incorporated into the THP prior to submittal and ore 
pm1 of the plan, 

Location and Regulatory Framework 
The iron Gate THP is located in the Elk River watershed (Figure I). The harvest unit is adjacent the 
Suuth fork Elk River a Class I watercourse. The proposed harvest unit occupies the south, southwest 
facing flanks of a west-nol1hwest trending ridgeline that varies in elevation from about 120 to gSO 
feet above mean sea level. Peltinent localion information is presented below in Table 1. 

Table 1: Pertinent Location Information 
Legal Description Section 25, Township 4N, Range I W: 

Section 36, Township 3N, Range I W: and 
Section 31, Township 4N, Range IE HB&M, 

USGS Quadrangle fields Landing and McWhinney Creek USGS 7.5-minute 
quadrangle. 

, 

Cal Watershed Lower South fork Elk 1110,000302 

Elk River is listed as sediment and temperature impaired under Section 303(d) of the Federal Clean 
Water Act. This plan is prepared under the California Forest Practice Rules (fPR) and the HRC 
Habitat Conservation Plan (Hep). 11Jere are no reported domestic water supplies within 1000 feet of 
the THP area or potential public safety hazards posed by the proposed operations. 

Scope 
The RPF asked Oswald Geologic to address unstable areas as detined in California Forest Practice 
Rules and HRC HCr prescriptions for the Elk River and Salmon Creek watersheds, dated August 12. 
2005 (HRC, 2005). The Forester has implemented the "Hillslope Management Checklist for Elk 
River and Salmon Creek Watershed Analysis Unit". The Forester did not identify potentially 
unstable areas within the operational portions of the plan area but based on its proximity to public 
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access and parklands opted for review by a geologist. Portions of these unstable areas are proposed 
for harvest. Special Riparian and Hillslope Prescription areas consisting of areas with slope gradients 
greater than 50% leading to streams and other areas and identified as having "very high hazard" have 
been identified in this THP. The "Hills lope Management Checklist" is based on the guidelines 
developed co-operatively between the CalifQmia Geological Survey (CGS, formerly CDMG) and the 
California Division of Forestry and Fire Protection (CDF), contained in CLF A (1999). to be used by a 
forester for determining the need for input from a Califomia licensed geologist (CLG) during THP 
preparation. 

The appropriate scope of the THP evaluation was determined based on the location of the THP units. 
published geological information, conditions found during geologic evaluations for neighboring 
THPs, conditions observed by the Forester, results of the site investigation. and review of aerial 
photography. This report considered potential impacts of specific operations within the proposed 
plan insofar as they may affect any recommendations provided. 

Methods 
This srudy was conducted in accordance with generally accepted engineering geological standards 
and practices, with the objective of providing a geological evah,lation in accordance with the 
guidelines set forth by the Department of Conservation, California Geological Survey in Note 45 
(CGS, 1999a) and guidelines provided by the California Board for GeoloJiists and Geophysicists 
(BGG, 1998). This srudy evaluates the slope stability conditions of the plan area using previously­
developed geological information, historical aerial photography, and on-the-ground observations, 
consistent with established engineering geological practices, to characterize slope stability conditions 
within THP units, evaluate the potential impacts of THP activities on slope stability and sediment 
delivery, and guide mitigations. This approach uses site specific geologic and geomorphic mapping, 
combined with observation of slope performance under historic and modem land management 
operations to predict landscape response to proposed operations. 

HCP Prescriptions 
The Iron Gate THP is proposed under prescriptions based on watershed analysis for the Elk River and 
Salmon Creek watersheds (HRC, 2005). Section 6.3.2 describes slope stability measures to reduce 
management related sediment delivery to aquatic systems. Unstable areas are identified in and 
adjacent the operational portions of the plan. 

Class 1 watercourses have 150- to 200-foot wide RMZ divided into an inner and outer zone. The 
inner, no harvest zone is 100 feet wide. The outer zone extends to a minimum of 150 to 200 feet wide 
depending on streambank slope gradient class. The outer ZOne retains 50% post-harvest canopy 
closure unless streamside slope inclination is greater than 50%), where the outer zone is covered under 
the Special Hillslope Prescription (SHP). Under SHP, the outer zone ofthe RMZ extends to 200 feet 
and retains a minimum of ISO sq. ft..Iacre basal area or 50% of pre.-harvest basaJ area whichever 
resuhs in greater retention. 

Class II watercourses have 75- and JOO-foot wide RMZ, respectively. The inner, no harvest zone is 
50 feet wide. The outer zone extends to a minimum of 125 feet wide and, depending on streambank 
slope gradient class, can contain an additional zone out to 200 feet wide. 'rhe outer zone retains 60% 
post-harvest canopy closure unless streamside slope inclination is greater than 50%, where the outer 
125 to 200 feet of the RMZ is covered under the Special Hillslope Prescription (SHP). Under SHP. 
the outer zone of the RMZ extends to 200 feet and retains a minimum of 150 sq. ftJacre basal area or 
50% of pre-harvest basal area whichever results in greater retemioll. 

Class III watercourses have 50- to 100-foot wide equipment exclusion zones based on slope gradient 
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considerations that contain habitat, tree in contact with bank, and less than 8" diameter retention 
requirements. TIle minimum Class 11J watercourse prescription retention standards are exceeded by 
the proposed selection harvest as marked and proposed by the RPF. Please see Section 2 of the 
timber harvest plan prepared by theRPF for a complete description of environmental mitigations. 

Proposed Operations 
TI,e RPF proposes a cable and gronnd-based yarded selection harvest with progressively greater 
timber retention in watercourse protection zones as described above. This report provides 
recommendations for timber harvesting on unstable areas consistent with HRC HCP requirements and 
CA Forest Practice Rules. Please find detailed descriptions of management activities and acreages 
associated with this timber-harvesting plan in the environmental disclosure of which this report has 
been made a part. 

The planning area has undergone substantial road mitigation and remediation work since adoption of 
the HCP in 1999. The mainline, rocked haul roads in the plan area are in good condition and need 
minor upgrades and maintenance. The secondary haul roads both rocked and native surfaced are also 
in relatively good condition and require some upgrading and maintenance. Several secondary haul 
roads and skid roads are being opened for this plan and the RPF proposes to upgrade crossing areas 
and other erosion sites as descried in the roadwork order. These roads are being used for the 
proposed harvest and to access road mitigation sites to comply with .HCP and State agency 
regulations. 

GEOLOGIC AND GEOMORPHIC SETTING 

Regional Setting· 
The Iron Gate THP is located within the Northern Coast Ranges Province of Califomia. North­
northwest oriented ranges that reflect the dominant regional structural trend characterize the province. 
In the northern part of the province, the structural trend is dominated by northwest striking. northeast 
dipping thrust faults and northwest trending fold axes that accommodate northeasl directed 
shortening. Shortening is in response to convergence of the North America and Gorda Plates across 
the Cascadia subduction zone. In the southern part of the province, the local structural grain is 
dominated by north-northwest trending strike-slip faults associated with the San Andreas transform 
margin between the North American and Pacific Plates. Between the northern and southern portions 
of the province. the northwest trending structure is overprinted with wesl-northwesterly trending folds 
and thrust faults. The superimposed west-northwest trending structures are generally accepted to be a 
result of the northward migration of the Mendocino Triple Junction (Kelsey and Carver, 1988: Aalto 
et al.. 1995). The Mendocino Triple Junction (MTJ) . marks the location where the Cascadia 
subduction zone to the north transitions to a transform margin to the south. 

'Seismotectonic Setting 
The THP is located within a seismically active area. Because of the seismotectonic setting of 
Humboldt COUllty there are numerous sources of potentially large earthquakes. Large earthquakes 
have occurred and will occur in the vicinity of the THP. Slope stability may be reduced by strong 
ground accelerations. Site response during strong ground rnotion will depend on a complex 
interaction between site-specific conditions of earth materials. topography. lithology, hydrology, 
earthquake wave travel path and distance to source. Research by Keefer (1984) and published 
observations of the 1992 Cape Mendocino earthquake (Prentice et ai.. 1992) show that earthquakes 
are important in the initiation or reactivation of both deep-seated and shallow landslides than. 
Prentice et oJ. (1992) describes three large earthflows just south of the Eel River Delta that were 
reactivated in both the 1992. Cape Mendocino earthquake and the 1906 San Francisco earthquake. 
Hundreds of shallow landslides were also described along the Eel River and coastal bluffs. 
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Additionally, the association of landslides and major geologic stmctures is well documented 
(Guzzetti, et aI., 1996: McCalpin and Irvin, 1995: Savage and Varnes, 1987, Savage and Swolfs, 
1986). 

A variety of seismic sources have potential to generate large earthquakes in Humboldt County. In 
generaL the seismic sources are a manifestation of the interaction between the North American, 
Gorda, and Pacific Plates. The sources are a combination of different inter-plate and intra-plate fault 
systems. 

The nearest active state-mapped fault is the Little Salmon fault (LSF) (Jennings, 1994; Petersoll et aI., 
1996). TIle LSF is a northeast-dipping thrust fault with its trace approximately 2.5 miles west­
southwest of the THP area (McLaughlin et aI., 2000: Jennings, 1994). The LSF is considered to be 
the stmcture that has the potential, along with Cascadia Subduction Zone, to generate the greatest 
ground shaking at the site. 

The LSF is thought to have about 4-5 miles of IOtal displacement across it and a slip-rate of about 6-
10 mmlyr (Clarke and Carver, 1992). Clarke and Carver (1992) documented about 16-23 feet of 
single event offset in fault trenches. Using relationships of fault offset to earthquake magnitude, 
Clarke and Carver (1992) suggest the LSF is capable of Mw=7.6-7.8. More recent estimates by 
Geomatrix Consultants (1994) put the maximum magnitude earthquake expeqied at Mw=7.3. 

Geologic Setting 
CGS (l999b) mapped the plan as underlain by the Quaternary- to Tertiary-aged undifferentiated 
Wildcat Group and the eastern portion of the plan area as underlain by the Quatemary Hookton 
Formation (Figure 2a). Ogle (1953) describes the Hookton Formation as Quaternary aged, 
predominantly non-marine, poorly consolidated, gravel, sand, and clay. Exposures of the Hookton 
Formation are described as loose brown sand, brownish gray clay, and silt (Ogle, J953). TIle 
undifferentiated Wildc.t Group is described as Quaternary to Tertiary aged, marine siltstone and 
sandstone regionally cropping out predominantly north of tlle Yager and Little Salmon faults. The 
Hookton Formation is exposed in the eastern portion of the plan area along the ridgetop that separates 
the South and North Forks of the Elk River. This mapping is taken from Ogle (1953) who initially 
mapped the plan area. The undifferentiated Wildcat Group is described as light brown to gray 
mudstone and sandstone (Ogle, 1953). Light brown to gray, massive, weakly consolidated, fine 
sandy siltstone and silty fine sandstone was observed exposed in natural exposures and road cuts 
throughout the plan area, consistent with descriptions of the Undifferentiated Wildcat Group (Ogle, 
1953). 

TIle west-northwest trending. Humboldt Anticline is mapped .iust north of the northern harvest 
boundary (Ogle, 1953). The anticlinal fold is pl'Obably active and likely provides structural control 
of the orientation of the ridgeline the THP is laid out on. Bedding is reported within the harvest unit 
as dipping about 7 to 25 degrees to the northeast and northwest. Bedding likely becomes steeper the 
further north or south of the axis of the Humholdt Anticline. Geologic units observed withi]] the plan 
area were massive siltstone and silty fine sandstone and do not contain features showing primary 
stmcture. Bedding of the undifferentiated Wildcat Group was not confirmed within the harvest unit. 

Geomorphic Setting 
Within the Elk River drainage, the drainage network regionally forms an asymmetric trellis drainage 
pattern characteristic of incision into gently folded sediments with minor secondary structural control 
(Bloom. 1978). This is consistent with uplift and erosion of the regionally gently folded strata of the 
Hookton Formation and Wildcat Group within the fold and thrust belt of the Cascadia SubductiOJl 
zone. The main stream network fonm, a relatively wide valley with an under fit. meandering main 
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channel. Tributaries to the main channel are generally ShOl1 seasonal feeder streams extending 
upslope at " generally 45° angel to the main stream. Asymmetry of the drainage network suggests a 
secondary structural control, likely on the NOIth Spit fault and anticline that trends west-northwest 
just west of the plan area (Woodward-Clyde, 1980; Stallman, 2003). This fault system appears to 
control the location of the change from the Elk River being an incised canyon to a meandering 
alluvial river. 

A review of published geomorphic mapping shows shallow landslide hazards as potentially present 
and mapped debris slide amphitheater slopes in the lower slope portions of the proposed harvest unit 
(CGS; 1999b)(Figure 2a) and more recent mapping shows a relatively large earthflow just outside of 
the westem harvest boundary (CGS, 2005). Recent mapping does not show debris slide amphitheater 
slopes. Mapping by CGS (l999b and 2005) is somewhat consistent with mapping fi'om this 
investigation and is modified in the project site maps introduced and described below. 

TIle hillslope morphology exhibited throughout the THP suggests a correlation between landscape 
morphology, bedrock structure, and mass wasting processes. HilIslopes in the plan area are 
moderately to steeply inclined with broadly divergent to convergent slopes that transition downslope 
to steep streamside slopes. The upper hiJIslope is characterized by relatively low gradient slopes with 
a broad essentially flat ridgeline. The upper slopes transition downslope tp moderately to steeply 
inclined slopes that are well incised by tributaries to the main watercourse. The moderately to steeply 
inclined midslopes generally become steeper along tributaries and main stream network. Elk River is 
a meandering channel within a broad floodplain. 

Watercourses in the plan area vary from poorly to well-incised channels and in general do not have an 
armoring of gravels and cobbles except in the main Class I streams that flow from areas of the 
watershed witlt a source of hard rock. Typically, the higher order watercourses become more 
entrenched in the lower slope positions. Where landsliding is chronic and recently expressed, 
watercourses have aggraded beds with large amounts of fines and woody debris. The morphology of 
the stream channels in the plan area is closely associated with the activity status of landslides. 
Headwall swales were observed in select locations throughout the watershed and were generally small 
and very steep convergent depressions at the upper extent of Cla" 1lI watercourses. These locations 
are shown on Figures 3a-d and discussed below in the HCP Prescription Discussion. 

Evidence of unregulated, legacy timber operations from the initial harvest are evident in streams as 
excessive saw-cut timber clogging the channelS and Humboldt crossings formed by pushing sidecast 
and woody debris in to the channels to create road crossings: Many of these Humboldt crossings are 
sources of erosion and episodic turbid input into the SUlTOIl"dihg streams. The main Class I and Class 
11 stream e1l.nnels are typically heavily impacted by legacy timber operations and have evidence of 
railroad trestle. pilings, large volume cut and fills, and flat graded floodplains. During the initial 
harvest entry, the unsuspended yarding of large timber across the slopes by steam donkeys created 
many yarding furrows. The furrows are up to several feet deep and JO feet wide and generally 
converge downslope through swales towards the main channel. Site disturbance is almost ubiquitous 
across the plan area and complicates geomorphic interpretation. As discussed below, ground 
disturbance is considered one of the primary factors contributing to management related landsliding 
in the plan area. 

During the site investigation, sand, silt, and clay (SM to CL) soils were observed exposed in cutbanks 
and natural exposures throughout the plan area. Observed soils appear to be about 3-5 feet in depth, 
weakly developed, and generally contain a relatively gradational contact with bedrock at depth. Finer 
soils were prefer€mtially observed in lower gradient slopes than coarse soils. The observation of finer 
grained soils located in low gradient eat1hflow lelTain suggest~ a strong association of both landfol111 
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and soil type to underlying parent material. 

LAND.USE HISTORY/AERIAL PHOTOGRAPHIC REVIEW 

The initial harvest history maps show the plan area as initially harvested circa J 860-1869. Timber 
harvesting methods at this time used railroad access along Class J Elk River, steam donkey timber 
yarding, and gas and diesel powered tractors in the later initial harvest entries, The yarding of timber 
typically utilized topographic swales as yarding conidors and roads, Harvested logs were brought 
downslope to a railroad located adjacent to and within Elk River. Railroad construction techniques 
generally consisted of SO/50 cut and fill with unengineered sidecasted fills and raised trestles with 
pilings driven into the creek bed, Harvested timber was dragged across the ground with little to no 
suspension of the log and resulted in concentrated areas of significant disturbance focused on 
watercourse swales. A second harvest entry after the 1965 aerial photography used ground-based, 
track mounted, bulldozers and cable yarding techniques to harvest timber, This harvest entry likely 
occurred pre-Forest Practice Rules and used largely unregulated construction techniques to construct 
roads in creeks and on steep slopes. Fills on steep slopes were often 'cribbed' or reinforced with logs. 
Over time, the log cribbing rots and results in an apparent increase in landsliding, The proposed 
harvesting is probably the third entry for the plan area and occurs under the Hep and implements 
road management rules and large stream buffers, The landscape mass wasti!lg response to the most 
recent harvest entries appears to be significantly reduced by these harvest -methods and significant 
areas of concentrated ground disturbance are not visible. 

Slopes in the plan area support moderately to very dense, multi-tier stands of 30- to 60-year-old 
redwood, fir, and hardwood forest. Intermixed with the second growth conifers are scattered residual 
old growth trees remaining from the initial entries, They are mostly located in modern stream 
protection zones and under the proposed operations no old growth timber is to be harvested, 
Underlying the overstory and sub-canopy is a variably thick shrub layer composed of huckleberry and 
other common ground cover species. 

No landslides from adjacent and underlying THP are mapped within the plan area, This report also 
refers to landslides mapped as part of this investigation. Please refer to the site map provided in this 
report for the location of landslides discussed ill the aerial photograph section (Figure. 3). 

Land Use and Mass Wasting Observations 
1948 aerial photographs: The 1948 aerial photographs show an uneven canopy with the western 
portion of the plan area having a relatively less dense stand of conifer and more hardwood. No 
obvious landslides were observed and recent cable and ground-based harvesting is visible to the north 
of the proposed harvest unie Lineaments within the forest canopy suggest the midslope skid trails are 
already constructed and the ridgetop road looks recently graded, Several linear canopy openings 
along stream channels suggest some debris slides or flows likely initiating from midslope road. 

1954 aerial photographs: TIle 1954 aerial photographs have poor coverage and no stereo pairs of 
the plan area were available. No obvious landslides or canopy breaks are visible and recent 
harvesting is still visible IlOIth of the proposed harvest unit. 

196; aerial photographs: The 1965 aerial photographs show no active harvest operations in the 
proposed harvest unit and the recent operations to the north or the plan area are revegetating with 
brush and timber. A recent landslide is visible initiating from a landing in the recent operations north 
of the proposed unit. No mass wasting is observed in the plan area and the plan area is covered with 
mature timber. 
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1984 aerial photographs: The proposed harvest unit appears selectively harvested using ground· 
based equipment and several midslope skid trails access the proposed harvest unit. No recent 
landslides are visible in the proposed harvest unit. A large debris flow is visible just north of the plan 
area that initiated from tile outboard edge of the ridgetop road. The failure appears to have delivered 
to the North Fork Elk River. 

1997 aerial photographs: The proposed harvest unit appears harvested using ground-based 
equipment. Based on regrowth and the size of timber it appears the plan area was harvested in the 
1970's or early 1980's. A dense network of skid trails is visible within the harvest unit and appears to 
be bare and eroding in places. No recent landslides are readily visible ill the aerial photography but 
several small areas of high albedo in streamside slopes suggest some streamside slumps are present. 
The large debris flow just north of the plan area appears reactivated from just downslope of the 
ridgetop road and appears to deliver to the North Fork Elk River. 

2007 aerial photographs: No recent harvesting was observed in the proposed plan area. No recent 
landslides are visible and the plan area is covered with mature conifer and hardwoods. 

Aerial Photography Summary 
Observation and analysis of the land use data and aerial photography reveal the plan area has 
perlhrmed adequately under the initial two harvest entries with very limited mass wasting response. 
The few landslides observed appear to have been locally, negatively impacted by legacy harvest and 
road construction activities on steep convergent slopes conducted in the 1940's throngh 1970's. It 
should be noted that large portions of the plan area have performed adequately after two entries of 
c1earcut and selection silviculture. TIlese observations combined with detailed site mapping and 
koowledge of the regional geologic structure provides good indicators of potential unstable areas 
within the plan area. 

SITE CHARACTERIZATION 

TIle plan area is a single contiguous harvest area that is broken into areas based on silviculture 
prescription and yarding method. Please see the maps provided with the plan for detailed locations of 
silviculture, yarding, and site preparation. 

(see Site Map Fignres 3a) 

LS-J is a dormant-historic debris slide that initiated from the-fillslope of the U08.081 0 Road at Road 
Point 1686. The failure is about 100 feet long, 75 feet wiode ahd 3-5 feet deep. The failure delivered 
to a Class HI watercourse and contains two undeformed ft)-inch and 18-inch diameter redwood. The 
forester proposes to pull perched fill at the site and disconnect road surface drainage to the sileo This 
proposal is appropriate and should prevel11 additional failures at the site. Few trees if any will be 
harvested from the landslide because of the selection silviculture and the existing stand density. 
Selection of timber from the surrounding slopes is considered appropriate because the failure is 
related 10 road construction techniques and harvesting adjacent the landslide should not negatively 
affect the landslide. 

LS 2, LS 3. and LS 4 are dormant-historic debris slides that initiated from steep streamside slopes. 
All failures are associated with skid trails and delivered to the watercourse downslope. The three 
failures are also within the no harvest band for the Class IJ watercourse and should not be negatively 
affected by the proposed harvest operations. 

LS :i and LS 6 are dormant-historic debris slidell thaI initiate from steep s.treamside slopes in the 
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south em portion of the plan. The failures are associated with skid trails or disturbed ground related to 
ground-based yarding. LS 5 is within the no harvest band for the Class II watercourse. LS 6 is a 
failed skid trail crossing and should perform adequately under the cable-yarded selection because the 
failure is largely stabilized. LS 6 contains small unmerchantable timber up to 8 inches ill diameter. 
The landslides should perform adequately to the proposed silviculture based on the low levels of tree 
removal and cable-yarding harvest. 

LS 7 is an area of debris slide slopes in the central portion of the proposed harvest unit. TIle debris 
slide slopes are restricted to steep streamside slopes in a nan-ow v-shaped Class lJ draw. The channel 
appears impacted from sediment likely derived from the adjacent raveling streamside slopes. LS 7 is 
also within the no harvest band for the Class II watercourse and poses a very low hazard of delivering 
sediment tothe watercourse under the proposed selection silviculture. 

LS 8 is a donnant-historic debris slide that initiates fi·om a skid trail just upslope of steep streamside 
slopes. LS 8 delivered to a Class II watercourse. The failure is within the Class 11 RMZ and few 
trees if any will be harvested because of the existing stand density. 

LS 9 is a donnant-historic earthflow that initiates from low gradient.slopes near the upper extents of 
the ridge. The earthflow extends downslope to a steeper and narrower sec~ion of the watercourse 
draw. LS 9 is outside of the harvest boundary and will not be affected by the proposed operations. 
LS 9 appears to be the upper extents of a large earthtlow mapped by CGS (2005; Figure 2a). 

HCP PRESCRIPTION DISCUSSION 

During the layout of the plan it was realized that ground disturbance was associated with landsliding 
shortly after timber harvesting was conducted in the plan area in the initial and subsequent, pre-HCP 
and Forest Practice Rules harvest entries. Many of the landslides that have delivered sediment to a 
watercourse are located on steep streamside slopes and associated with skid trail crossings. During 
the review of aerial photography and the site investigation, it was evident that selection silviculture 
combined with wide stream buffers of the Hep that contain progressively denser retention towards 
the watercourses is an effective means to mitigating harvest related landsliding and delivery of 
sediment to watercourses. While Class III watercourses do not contain no-harvest zones, the 
retention of all timber less than 8 inches, retention of channel trees, and retention of 75 sq. ft.lacre 
basal area is considered adequate to provide canopy and root strength retention within these zones. 

Many of the source areas for shallow landslides are unvegetated or have a sparse distribution of 
merchantable timber species and the use of a distributed selection silviculture effectively make these 
area!=> of no harvest. ,. 

This investigation used the program SHALST AB in a GIS to evaluate stability based primarily on the 
driving inputs to the program: slope convergence, slope gradient, and modeled concentration of 
groundwater (Figure 4). The model output provides values of 1-5 representing potentially unstable to 
potentially stable slopes. The values for the two highest values of instability were overlain on the 
map with multiple data layers that included: 
I) IO-foot contour maps. 
2) Landslide mapping, 
3) Watercourse mapping 

The areas containing clusters of modeled potentially unstable slopes were compared \\I.ith landslide 
mapping. evaluated for delivery potential. and potentially unstable slope morphology. No significant 
clusters of modeled potentially unstable slopes were shown on the model output. One section of 
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debris slide slopes was mapped from field reconnaissance but not recognized in the SHALSTAB 
model. 11le lack of modeled unstable ground is supportive of the field investigation that found few 
open slope landslides and the rew landslides mapped were associated wltb the skid trail network. 

It should be recognized that landsliding is a natural process in this portion of the Elk River watershed 
and the plan area is considered to have a moderate landslide hazard because of the relatively weak 
bedrock, steep incision controlled slopes, and weakly developed soils. The natural landslide potential 
in the Elk River watershed can easily be exacerbated by land management activities, especially 
ground-disturbance. This hazard is recognized and is mitigated by the distributed selection timber 
harvesting and yanding that has a low to non-existent potential for ground disturbance. Ground based 
equipment is restricted to low gradient areas on and adjacent the ridgetop. 

CONCLUSIONS 

Observation of the aerial photography and geologic investigation indicate that few unstable areas of 
any activity status underlie the plan area. Review of the plan area shows some landsliding following 
the initial harvest and subsequent pre-HCP harvest entries. The proposed harvest retains essentially 
all the canopy along the Class I and II watercourses and retains about Y, to 1/3 of the stand across the 
remainder of Class III watercourses. The retained timber is intended to provide canopy closure and 
root strength distributed across the plan area. Other landslides in the plan area while affected by the 
initial harvest are largely attributed to road construction and excessive ground distnrbance. It is my 
opinion that the proposed harvest does nol pose a significant risk of exacerbating the existing 
conditions presented by landslides and nnstable areas present in the portions of the plan I reviewed. I 
have worked with tbe forester to provide recommendations that allow for the harvesting of trees in 
such a manner that the existing hazards will not be significantly increased. It is also my opinion that 
the plan does not pose a threat to public health and safety from mass wasting as a result of the 
proposed harvest operations. This is because of the selection silviculture, the wide and low gradient 
buffer between the area of proposed operations and public access along Elk River. 111e performance 
of the plan area under two previous entries also shows that this plan poses a low to negligible risk to 
public safety as a result of proposed operations. 

To the best of my k.nowledge, this plan confonns to Forest Practice Rules and the hillslope 
management strategy that applies to Humboldt Redwood Company ownership under prescriptions of 
the Habitat Conservation Plan. 

I agree with the proposed harvest· methods and it is my opmlDn that the methods and 
recommendations provided in this report and to the for~ter during the plan layout are geologically 
compatible with the site. The recommendations provided in this report, required under the cun-ent 
Hep and Forest Practice Rules, and recommendations provided to the forester during the layout of 
the plan wi1l decrease the potential for sediment delivery to watercourses as a result of harvesting. I 
recognize that the plan are. is in a dynamically active site and conditions can and will change. I have 
used my best professional judgment to assess the present and future risks and assist the forester in 
proposing a harvest plan that does not increase the risk to the resources present in the plan area. 

TIlis report, recommendations, and conclusions are soJely intended for the site discussed above. TIle 
information contained in this report is only intended for use at the stated site using the stated proposed 
operations. This report should not be used as justification for harvest of any other site or different 
operations, and only be used for information purposes if referenced and reviewed for other projects. 

TIle opinions presented herein have been developed using that degree of care and skill ordinarily 
exercised. under similar circumstances. by reputable engineering geologisl~ practicing in this or 
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similar localilies. No other warranty, expressed or implied, is made as to Ll,e professional advice 
included in this repon. 

RECOMMENDATIONS 

There are no recommendations above the mitigations already proposed by Ihe Registered Professional 
Forester. 

I hope this repon is sufficient for your immediate purposes. Please contact me if you have any 
questions. 

f2" '0 :C'0'-2-2':9::::1 ~~-------:. 
Certified Engineering Geologist 
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APPENDIX A: POTENTIAL IMPACTS OFTHP ACTIVITIES ON SLOPE STABILITY 

This section was co-authored with a large input from Gilben Craven, CEG, PG and is provided to 
give a general overview of slope slability issues and the literature associated with my understanding 
offorest slope stability. 

Timber harvest related impacts on slope stability fall into two general categories: I) impacts of tree 
removal and 2) impacts of ground disturbance (yarding scars and road building). Impacts of tree 
removal consist of loss of root strength, loss of evapotranspiration, and loss of canopy effects. 
Impacts of ground disturbance consist of sUlface and groundwater diversion, changes in slope mass 
balance (cutting and filling) and potential instability of fill due to poor compaction (excess porosity) 
or incorporated organic debris. 

Keppeler et al. (1994) documented increased groundwater levels after clearcut logging and cable 
yarding in coastal nonhern California and offered " range of possible causes including decreased 
evapotranspiration and decreased canopy interception due to tree removal, and decreased soil 
infiltration capacity due to yarding-related compaction. Montgomery et aJ. (2000) monitored rates of 
shallow landsliding after elearcUl logging in coastal southern Oregon. Montgomery et aJ. (2000) 
concluded that, while landslide rates increased dramatically, the increased landsliding occurred 
mainly in areas that were already slide-prone, as demonstrated by previous.landslide occurrence and 
as derived from a model of landslide occurrence based on soil strength parameters, slope steepness, 
and slope hydrology. Montgomery et aJ. (2000) modeled variation in soil cohesion as a function of 
root strengtiJ to explain increased landslide occun'ence in harvested areas and noted piezometric 
variations in response to rainfall microbursts. Their analysis was weighted towards root strength as a 
primary influence; however, piezometric variation in response to microbursts was also considered a 
possible influence. Iverson and Major (1987) documented the dynamics of pore pressure waves and 
groundwater levels in soil resulting from storm and seasonal rainfall, and concluded that pore 
pressure waves from storms attenuate rapidly in the upper soiL The piezometric variation noted by 
Montgomery et aJ. (2000) appears to be analogous to the pore pressure waves noted by Iverson and 
Major (1987). Cafferata and Spittler (1998) found a preponderance of management-related landslides 
in the Caspar Creek Watershed between 1967 and 1997 to be caused by earthworks (roads, landings, 
and skid trails). In particular, earthworks constructed prior to the implementation of the Forest 
Practices Act were found to be significant sources of landsliding decades after their original 
construction, in contrast with those constructed according to Forest Practice Rules. Bawcom (2003) 
studied the effects of c1earcut harvesting conducted during the 1980s and 1990s on landsliding in the 
Jackson Demonstration State Forest. Among the 32 shallow 1andslides associated with clearcut units, 
all but four were associated with roads, landings, and skid trails. None of the dormant deep-seated 
landslides associated with clearcut units showed eVIdence of re-activation. Bawcom (2003) 
concluded that there was little evidence to suggest that vegetation removal associated with c1earcut 
'harvesting of Coastal Redwoods was 0 significant contributor to slope instability. The findings of 
Bawcom (2003) and Cafferata and Spittler (1998) indicate that tile effects of ground disturbance and 
roads are the mo~t significant impacts to slope stability. 

Root reinforcement is a significant factor allowing soils to remain stable 011 steep slopes (CGS, 2004; 
Krogstad, 1995; Schmidt et aI., 2001; Ziemer, 1981). According to Krogstad et 01. (1999) and 
Schmidt et aJ. (200 I ) the effect of root reinforcement on soil stability is limited by the depth to which 
roots penetrate the soil, and increased effective cohesion of the soil due to lateedl root reinforcemem 
may outweigh venical anchoring as a factor increasing soil stability. CGS (2004) provides a 
literature-based discussion of effective soil cohesion as a function of vhal root biomass and indicates 
that root reinforcement may increase effective soil cohesion by as much as a factor of two. Root 
strength loss could increase the potential for movement of shallow landslides. 
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Krogstad (1995) uses pipe-model theory and physiological considerations to model rool biomass as 
being proportional 10 sapwood basal area and foliage density. 111e analysis by Krogstad (1995) 
provides a basis for estimating the potential loss of root strength after harvest as proportional to the 
decrease in foliage. Krogstad (1995) also describes the distribntion of vital root biomass as a function 
of proximity to the tree bole and the age of the tree. Root biomass is generally concentrated near the 
tree bole; however, it is relatively more distributed for younger trees, particularly in stands not 
experiencing crown competition. 

Krogstad (1995) and Roering el al. (2003) have some important implications for root reinforcement 
relative to tree age, species, and stand structure, with potential for guidance of silvicultural practices 
for maintaining slope stability. The root reinforcement contributed by larger trees relative to smaller 
trees is less than proportional to relative tree size, since a relatively large portion of the basal area of 
large trees is composed of heartwood, which does not support vital root mass. The root reinforcement 
associated with larger trees is more concentrated near the tree bole, especially when the greater 
spacing between larger trees is considered. All other factors equal, the greatest potential for slope 
failure within a stand occurs where the root reinforcement is the lowest (Roering et aI., 2003). 
Occurrence of landslides in forested areas in the Oregon Coast Range is empirically associated with 
areas beyond the radii of dominant overstory conifers, particularly in areas vegetated with hardwoods 
and herbaceous vegetation (Roering et aI., 2003). These considerations suggest that critical root 
reinforcement may be contributed by understory conifers in the gaps between the overstory trees in a 
mixed-age stand. Canopy closure may be used as a proxy for estimating root reinforcement with 
some qualification. Crown competition decreases the distribution of root reinforcement. Canopy 
closure is only one metric for the robustness of tree crowns, which is more directly proportional to 
root reinforcement than canopy closure. The theoretically optimal stand from a root reinforcement 
standpoint would consist of vigorously growing long-crowned conifers evenly spaced on the slope 
and not experiencing crown competition. 

The amount of root strength loss after harvest is propOltional to the mortality and decay of root 
systems after harvest. Root mortality varies according to harvested species, harvest practices, and site 
preparation after harvest (Schmidt et aI., 2001; Ziemer, 1981). Decay of Douglas-fir root systems 
results in a maximum loss of str!!ngth within about 10 years after harvest, however, variations of 
decay rates between climates and species result in uncertainty regarding the timing of the strength 
loss (Schmidt et aL, 2001; Ziemer, 1981). Decay rates are slow for Coastal Redwoods and the 
mortality of their root systems is significantly less than 100% after harvest, so a significant portion of 
the root strength is retained. CGS (2004) discusses relative die-off rates of old growth and second 
growth redwood root systems after harvest. Root mass vitality is rypically maintained after harvest of 
second growth redwoods due to rapid stump sprouting. Root mass vitality is depressed after harvest 
of old growth redwoods because of decreased probability of stump sprouting and less canopy biomass 
to support the root mass. One implication of the argument presented by CGS (20041 is that the 
potential root mass die-off of old growth redwoods is proportional to the vitality of the existing 
crown, consistent with the findings of Krogstad (1995). 

The greatesl short-tem1 loss of root strength is associated with clear-cut harvest: however. recovery of 
root reinforcement is variable after harvesl depending on site treatment and reforestation (Schmidt et 
ai., 2001; Ziemer, 1981). Understory root systems may ameliorate the loss of root strength between 
l,arvest and mature reforestation (Schmidt et aI., 2001). According to Ziemer (l98l), 50% root 
reinforcement recovery occurs typically between 15 and 25 years after harvest. Ziemer (1981) also 
cites possible 100% recovery after about 25 years after harvest, however, Schmidl el al. (2001) 
estimates that hardwood invasion after harvest may delay full recovery by ) 00 years or more. 
Silvicultural systems thal resull in reduced crown competition. such as overstory selection and 
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thinning, stimulate the growth of understory trees, with potential for a net gain in root reinforcement 
if the vigorous growth of understory roots exceeds the decay rate of the harvested roots (Ziemer, 
1981). The replacement of the more concentrated root systems of larger trees with the more 
distributed root systems of the released understory also would result in more distributed root 
reinforcement according to the model of Krogstad (1995), Depending on the pre-harvest stand 
conditions, a similar }ong~tenn result is possible with vjgorous reforestation after clearcut or 
rehabilitation harvest although the time interval to achieve it would obviously be longer. 

n,e significance of canopy interception and evapotranspiration to stann hydrology and slope stability 
remains controversial. Evapotranspiration is generally accepted as a significant component of annual 
water budgets for forested· lands (cf. Keppeler et aI., 1994; Jones, 2000; Ziemer, 1981). Under arid 
summer conditions ill the Sierra Nevada, evapotranspiration depletes as much as 30 em of soil 
moisture from forested areas relative to non-forested areas (Ziemer, 1981). The difference would be 
less for a coastal forest that experiences lower evapotranspiration potential and has fog interception as 
a significant portion of its dry season water budget (Jones, 2000). Tbe findings of Jones (2000) and 
Ziemer (1981) indicate that evapotranspiration can be expected to have a signature on dry-season 
water table levels and decrease the antecedent groundwater levels to stonns following a seasonal dry 
period. During high rainfall periods and winter conditions, evapotranspiration potential is lower and 
the water budget becomes dominated by large storms. Given these conside,ations, a series of large 
stonns that raises groundwater levels toward a threshold of instability. would overwhelm the 
antecedent influences of annual evapotranspiration and become the dominant antecedent influence, as 
indicated by the findings of Jones (2000). While it is theoretically possible for a very large stann to 
occur during tbe period when the difference in soil moisture between forested and un-forested areas 
may be critical to slope stability, landslide-triggering storms generally occur during tbe period when 
the antecedent influences of other large storms dominate the water budget. In the opinion of Ziemer 
(1981), "the critical period during which forested slopes are drier than cut slopes may be 
insignificantly shon." 

Average canopy evaporation rates during small «1.2") winter stonns ill a coastal climate in New 
Zealand, similar to that of Humboldt County, have been estimated in a range from 026"- 0.33" per 
day (Pearce, 1980 and oral communications, cited by the "UC Team", 1999). A 3"/24 hour rainfall 
event is considered potentially significant to slope stability and triggers landslide monitoring under 
the PALCO Habitat Conservation Plan. The evaporation rates cited by the UC Team (1999) indicate 
a maximum evaporative loss of approximately 11 % of the rainfall in a 3"/24 hour event. Since 
evaporation is controlled by relative humidity. the evaporation rate would be higher for rainfall during 
wanner periods when relative humidity is lower, and lower for large winter storms when relative 
humidity is highest. 

Reid (1998) presented data from .I'mall (0.13"-1.3") winter storms in the Freshwater Creek watershed 
showing a 17% to 36% difference in rainfall reaching the ground between open areas and areas under 
forest canopy. The time intervals of the stoims were not specified, so it is not possible to evaluate the 
consistency of the data presented in Reid (1998) with the evaporation rates presented by the UC team 
(1999). 

According to an abstract by Reid and Lewis (2004), evaporative losses in a 100-year-old Donglas­
fir/redwood forest canopy are approximately 22% of the total annual rainfall, asymptotically 
approaching 21 % for storms with rainfall totals greater than 70 mm (2.8"). The assumption of the 
Reid and Lewis (2004) study is that the difference between the rainfall detected on collectors beneath 
forest canopy and in an adjacent clearing (six tota1) is due entirely to evaporation and stem flow 
losses. That aSRumption is not valid. The differences between the locations where rainwater fal1s into 
and out of the canopy are significant. particularly under windy conditions. Under an altemative 
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hypothesis, not considered by Reid and Lewis (2004) but discussed in the presentation of that paper, 
the results indicate substantial re-direction of rainfall by the canopy, rather than large evaporative 
loss, during large stonns, Additionally, the evaporation rates postulated under the Reid and Lewis 
(2004) model are at a minimum twice the evaporation rates cited by the UC Team (1999), 

Reid and Lewis (2004) hypothesize that large evaporation rates from mature conifer forest canopy 
occur because of the large surface area of foliage, That hypothesis incorrectly assumes that the 
surface area of foliage is the surface area available for evaporation of water. Redwood and Douglas 
fir fronds are very efficient devices for gathering surface water into large, spheroidal drops, That is 
an evolutionary water-conserving feature that allows conifers to extend their photosynthetiC period 
under drought conditions, utilizing condensation and fog, The evaporative surface of water stored in 
spheroidal drops is much lower than the evaporative surface that would occur if water were evenly 
distributed over the fronds, as the Reid and Lewis (2004) model assumes, lt is also unclear how the 
rainfall re-direction issue was addressed in the studies that provided the canopy evaporation data cited 
by tile UC Team (1999), Taking those results at face value, it is theoretically possible for a stonn to 
occur where a canopy evaporation rate of less than O.3"/day makes a critical difference to slope 
stability, There is, however a greater probability of stonns occurring that exceed a O,3"/day critical 
evaporation window, and an even greater probability if the critical evaporation rate is smaller. 

To summarize, canopy interception during large storms may be mainly significant as a microhurst 
buffer that would attenuate pore pressure waves in near~surface soils, analogous to infiltration 
through on-ground organic debris, The loss of microburst buffering is an impact limited to the area 
where the canopy has been removed, Loss of on-ground organic debris, through either yarding­
related ground disturbance or site preparation, may be of equal or greater significance to canopy loss 
as an impact on microburst buffering, 

Given the dynamic and evolving nature of the literature surrounding tree removal and shallow 
landsliding, this investigation incorporates this background infonnation into an analysis of potential 
harvest impacts based on past and current slope stabiliry conditions and the effects of past 
disturbances on slope stability conditions, as revealed by thorough observation of historical and fwld 
evidence, Potential slope stability conditions are considered in the context of the past and current 
slope stability conditions, potential impacts from root strength loss, evapotranspiration changes, 
canopy interception, ground disturbance, and drainage disturbance, Our operating assumptions are 
the following, based on empirical observation and literature review in accordance with standards and 
practices for engineering geology: 

I) Slide-prone lerrain can be identified by evaluating wl;ere landsliding has occurred in the past 
and identifying the conditions that led to landsliding, Younger landslides are more likely 
than older landslides to be near a threshold of instability that could be impacted by 
management practices, The activity classification system of Keaton and DeGraff (1996) 
provides a tool for evaluating the potential sensitivity of landslides to management-related 
disturbances, 

Transient loss of root strength can be expected, however. much root strength will be retained after 
logging of Coastal Redwood because of the ability of cut redwood to re-sprout stumps and maintain 
vital rool systems after harvest. Altemalive silvicultural prescriptions can mitigate this hazard, 
Evapotranspiration and canopy interception may influence the potential for shallow landslidillg by 
influencing the antecedent conditions for large stonns early in the stonn season, Their effect 
diminishes as the stonD season progresses. 

2) Canopy interception may help atlenuate pore pressure waves from precipitation micro bursts 
in the upper soil layers. h is probably a relatively insignificant factor in the overall water 
budget oflarge slom,", 
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3) Ground disturbance from road building and yarding are relatively important impacts of 
timber harvest due to potential for drainage disl1lption, unstable fills and soil compaction_ -

.impacts are specific to road locations road construction practices, yarding techniques, ,and site 
geological conditions. Ground disturbance impacts must be evaluated relative to the road 
construction and yarding systems proposed and those used in the past. 

Studies of deep-seated landslides show that activity of these features is controlled by a complex of 
structural, rheologic, hydrologic, and climatic factors. Initiation of activity or re-activation of sliding 
may be caused by large triggering events such as earthquakes, secular changes in climatic or 
hydrologic regime, or disturbance of the mass balance (head loading and toe cutting) of the slope. 
Mass balance disturbance- may be due to natural or anthropogenic factors. The most significant 
anthropogenic mass balance and hydrologic disturbances are associated with roads and landings, 
Harvesting on active deep-seated landslides may increase their activity rate or extend their active 
seasonal period. From a Jand management standpoint, the most serious issues pertain to recognitioll 
of features that are likely to have their activity level affected by timber harvesting. 

Given all of the above factors, recognition of deep landslide features potentially impacted by timber 
harvesting would be best facilitated by using the activity classification system contained in Keaton 
and DeGraff (1996). The Keaton and DeGraff (1996) system contains variations for slides in humid 
and arid climates, The activity classification of morphological features in humid climates is based on 
Wieczorek (1984). This approach has the merit of evaluating landslide sensitivity based on 
objectively observable morphological features that indicate age of activity. Morphological activity 
and sensitivity indicators wou1d provide a means of estimating the severity of disturbance necessary 
to affect the activity of a deep-seated landslide. 
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