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Background

The Pescadero-Butano Watershed isthe largest watershed in coastal San Mateo County, encompassing
over 80 sguare miles. It drains to the Pacific Ocean within the Monterey Bay National Marine
Sanctuary. The main stem of the Pescadero Creek is approximately 26 miles in length and has an
additional 44 linear miles of perennial tributaries. The watershed supports a substantid southern
Steelhead trout population, as well as a small remnant Coho salmon run. It is estimated that
approximately 21 miles of main ssem Pescadero Creek and Peters, Sate, Oil and Butano Creeks are
potentialy viable coho rearing habitat (Draft Strategic Plan for Restoration of the Endangered Coho
Salmon South of San Francisco Bay, CDFG, 1998). San Gregorio Creek has a Steelhead trout
population, which has since disappeared.

A key attribute of thiswatershed is the Pescadero Marsh —the largest coastal estuary between Tomales
Bay and Elkhorn Slough. The marsh provided critical steelhead rearing habitat, equal to the vaue of
over 8 milesof instream production withinthe watershed (Dr. J. Smith, 1990, Steelhead Restoration and
Management Plan for California, CDFG,1996). However, the marsh over the last several decades has
experiencing severe aggradation due to excessive siltation and sedimentation from the upper watershed,
resulting in a loss of habitat qudlity and quantity (Pescadero Marsh Natural Preserve Hydrologic
Enhancement Plan, Phillip Williams and Associates, 1990).

Historicland uses, in particular pre-Forest Practice Act logging, upland grazing and farming, highvisitor
uselevelsand antiquated private, county and state road design, construction and maintenance practices,
have combined with a highly erodible and seismically unstable geol ogy to result in severe sedimentation
of the sreambed for much of the lengths of Pescadero and Butano Creeks. Many of the early logging
roads were rough cut-fill construction along stream banks. The streambeds themselves, particularly
along ephemeral streamsin the upper watershed, were used as kid trails. Large areas of the upper
watershed were clear-cut between 1856 and 1970. Most of these lands have been acquired by County
or State agencies as recreational lands; however, the now maintained and abandoned logging road
gystem still exists, and continues to be a source of sedimentation in the streams (Andysis of the
Pescadero-Butano Marsh Watersheds, R. Osterling, 1987). The Pescadero/M emorid/SamMacDonald
County Park Complex (PM SM-CPC) isthelargest snglelandowner in the Pescadero Creek watershed.
Within the park complex, there are atotal of 65 miles of known and abandoned roads and trails.
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In 1998, Pescadero/Butano and San Gregorio Creek watershedswere listed as‘impaired’ for sediment
by the Regional Water Quality Control Board, and the basins are scheduled for development of Total
Maximum Daily Load (TMDL) regulationsin the next three years. This fina report and “Sediment
Assessment for the Pescadero Creek County Park Complex” addressesmany of therequirements of the
NPDES permit issued by the Regional Water Quality Control to the City/County Association of
Government of San Mateo County (C/CAG) on July 29, 1999.

Introduction

In January 2002, Pacific Watershed Associates (PWA) was contracted by San Mateo County Parksand
Recreation (SMCPR) to inventory 65 miles of roads and trails within the Pescadero/Memorial/Sam
McDonald County Park Complex for stes of future erosion and sediment delivery to streams, and to
prepare aprioritized erosion prevention plan (Figure 1). This project wasfunded through a CDFG S.B.
271 watershed restoration grant (Contract # P-0030412). This project was specifically aimed at
identifying future erosion sources that are impacting fish bearing streams and to develop prescriptions
aimed at reducing sediment input to thewatershed. T his project was not concerned with those erosional
features that are not delivering sediment to the stream network.

Pescadero Creek Watershed Assessment

Perhapsthetwo most important, watershed elements needed for longtermregoration of salmon habitat,
and the eventual recovery of salmonid populations in the Pescadero Creek watershed, are 1) the
reduction of accelerated erosion and sediment delivery to the stream channel system and 2) improving
estuarine rearing habitat. The later is a very complex problem influenced by tectonic and seismic
activity inthe watershed, along history of levee construction and channel flow coursealteration, anong
other factors.

In relation to reducing the effects of past and current land management practices on sediment
production, this summary report describes the erosion assessment and inventory process that was
employed on County Park Lands in the Pescadero Creek watershed. It also servesasaprioritized plan-
of-actionfor cog-effectiveeroson control and erosion prevention treatmentsfor the watershed. When
implemented and employed in combination with protective land use practices, the proposed projectsare
expected to significantly contribute to the long term protection and improvement of salmonid habitat in
the basin.

The implementation of erosion control and erosion prevention work is an important step toward
protecting and restoring watersheds and their anadromous fisheries (especially where sediment input is
alimiting or potentialy limiting factor to fisheriesproduction, asisthought to bethe casefor Pescadero
Creek). Road systems and trail systems (to alesser extent) are perhaps the most significant and most
easly controlled sources of sediment production and delivery to stream channds. Pescadero Creek is
underlain by erodible and potentially unstable geol ogic subgtrate, and both fid d observationsand aerial
photo analys ssuggests that roads have been asignificant source of accelerated sediment productionin
the watershed. In Pescadero Creek, as in many other coasta watersheds, the disturbance caused by
excess sediment input to sream channels during large rainfal events is perhaps one of the most
significant factors affecting samonid populations. Chronic sediment inputsto the channd system, from
roads, trails and other bare soil areas, are also important contributors to impaired habitat and reduced
salmonid populations.
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Figure 1. Location map of the Pescadero Memorial/Sam MeDonald County Park Complex road and trail assessment,
teo County, Calilornia
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Unlikemany watershed improvement and restoration activities, erosion prevention and " storm-proofing"
of road systems and trails have an immediate benefit to the sreams and aquatic habitat of the basin. It
helps ensure that the biological productivity of the watershed's streams is not impacted by future
human-caused erosion, and that future storm runoff can cleanse the streams of accumulated coarse and
fine sediment, rather than depositing additional sediment from managed areas. Sites targeted as high
treatment immediacy in Pescadero Creek have beenidentified ashigh priority for implementation so that
fill failures, stream crossing eroson, washouts, ditch relief gully eroson and stream diversons do not
degrade the stream system.

The completed assessment identified al recognizable current and future sediment sources from roads
and trails within the watershed assessment area. The fidd inventory identified future sediment sources
from approximatey 65 miles of road and trail system in the watershed. The primary objective of the
road and tral upgrading and decommissioning recommendations which have been prepared, is to
implement cost-effective eroson control and erosion prevention work on sites that were identified as
a part of this comprehensive watershed assessment and inventory. This assessment is dso intended to
be used asatool for bas n-wide transportation planning inwhich the ecol ogical impacts of specific roads
andtrails can be balanced againg the needsfor trangportation, management, fire safety and public access.

Project Description

The project involved a completefield inventory of the road and trail sysemsin the three County Parks
inthewatershed. Technically, thisassessment was neither an eroson inventory nor aroad maintenance
inventory. Rather, it was an inventory of sites where there is a potential for future sediment delivery to
the stream systemthat could impact fish bearing sreamsinthewatershed. All roads andtrails, including
both maintained and abandoned routes, werewalked and inspected by trained personnel and al existing
and potential sediment delivery siteswereidentified, described and arecommendation for treatment was
made. Sites, asdefined in this assessment, include locations where thereis direct evidence that future
eroson or masswasting could be expected to ddiver sediment to astream channd. Sitesof past erosion
werenot inventoried unlesstherewas apotentid for additional future sediment delivery. Similarly, sites
of future erosion that were not expected to deliver sediment to a stream channel were not included in
the inventory, but were mapped on the fiedld maps during the assessment. A map of the road and trail
system in the watershed was deveoped from field maps, air photos and GIS.

Inventoried sites generally consisted of stream crossings, potential and existing landdidesrelated tothe
road or tral system, gulliesbelow ditch relief culverts and long sections of uncontrolled road and ditch
surface runoff which currently discharge to the sream system. For each identified existing or potential
eroson source, adatabase form wasfilled out and the site was mapped on amylar overlay on a1:12,000
scae topography map. The database form (Figure 2) contained questions regarding the site location,
nature and magnitude of existing and potential erosion problems, the likelihood of erosion or slope
failure and recommended treatmentsto diminate the Ste as a future source of sediment delivery.

The eroson potentia (and potential for sediment delivery) was estimated for each problem site or
potentid problem site. The future volume of sediment expected to be eroded and delivered to sreams
was estimated for each site. The data provides quantitative estimates of how much materia could be
eroded and delivered in the future, if no erosion control or eroson prevention work is performed. In
anumber of locations, especially at sream diverson sites, actual sediment loss could easly exceed fidd
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predictions. All steswereassigned atreatment priority, based on their potential or likelihood to deliver
sediment to stream channels in the watershed and on the cost-effectiveness of the proposed treatment.

In addition to the database information, tape and clinometer surveys were completed on virtually all
stream crossings. These surveysincluded alongitudinal profile of the stream crossing through the road
prism, aswell astwo or morecrosssections. The survey datawas entered into acomputer program that
caculates the volume of fill in the crossing. The survey dlows for an accurate and repeatable
guantification of future erosion volumes (assuming the stream crossing wasto wash out during afuture
storm), decommi ssioning volumes (assuming the road was to be closed) and/or excavation volumesthat
would be required to complete a variety of road upgrading and erosion prevention treatments (culvert
ingallation, culvert replacement, complete excavation, etc.).

Asshown by thisassessment, the net benefit of treating the legacy road network and the risk associated
withroad sediment delivery to streams exceeds, by orders of magnitude, the sediment i mpactsassociated
with trail erosional processes (Table 1 and Table 6).

Inventory Results

Approximately 73.8 miles of roads and trails (39.4 miles of roads and 34.4 miles of trails) were
inventoried for future sediment sources within the Pescadero/M emorial/Sam McDonald County Park
Complex (PMSM-CPC). All County Park roadsand the Sheriff Honor Camp roads have been assgned
site numbers ranging from #1 to #310, and include Ste #609. All county park trails have been assigned
site numbersinthe 500's, and all county public works department roads have site numbersin the #600's
(See Maps 1,2 and 3).

The sediment assessment was completed in two phases, and isreported onintwo separate partsof this
report. InJanuary, 2002, a the request of County Park Senior Planner Sam Herzburg, PWA personnel
completed the sediment assessment along the 5.7 mile long “Old Haul Road” located in Pescadero
County Park (SeeMaps 1 and 2). Reaultsof the“Old Haul Road” sediment assessment arereported in
Appendix A. All the remaining roads (33.7 miles) and the 34.4 miles of trails within the County Park
Complex were inventoried during the summer and fal of 2002, and the results of the sediment
assessment are presented in the following Tables #1 though #6.

Inventoried future erosion stesfell into one of two treatment categories: 1) upgrade sites - defined as
sites on maintained roads or trails that are to be retained for access and management and 2)
decommisson sites- defined as sites exhibiting the potential for future sediment delivery that have been
recommended for either temporary or permanent closure. Virtually dl future road and trail related
eroson and sediment delivery inthe PM SM-CPC is expected to come from four sources: 1) erosion at
or associated with stream crossings (from severa possible causes), 2) road surface and ditch erosion,
3) landslides associated with road fill dopes or cut banks, and 4) gully erosion below ditch rdief culvert
outlets.

Pacific Watershed Associates - P.O. Box 4433 - Arcata, CA 95518 - (707) 839-5130

8



Pescadero/Memorial/Sam M cDonald County Park Complex Sediment Assessment, Final Report

February 2003

Figure 2. Road erosion inventory data form used in the Pescadero Creek watershed assessment

ASAP___ PWA ROAD INVENTORY DATA FORM (3/98version) Check_
GENERAL Site No: GPS: Watershed: CALWAA:
Treat (Y,N): Photo: TIRIS: Road #: Mileage:
Inspedtors; Date Yearbuilt_ Sketch (Y):
Maintained Abandoned Driveable Upgrade Decom. Maintenance
PROBLEM Stream xing Landslide (fill, cut, hill) Roadbed (bed, ditch, cut) DR-CMP Gully Other
Location of problem Road related?(Y) Harvest history: (1=<15yrs old; 2=>15 yrs old) Geomorphic assodation: Streamside, 1.G.,
(UM, L,9 TC1, TC2, CC1, CC2, PT1, PT2, ASG, No Stream Channel, Swale, Headwadl, B.L.S.
LANDSLIDE Road fill Landingfill Deep-seated Cutbank Past failure Potentia Failure
Slopeshape: (convergent, divergent, planar, hummocky) Slope(%) Diganceto stream (ft)
STREAM CMP Bridge Humboldt Fill Ford Armored
fill
Pulled xing: (Y) % pulled Left ditch length (ft) Right ditch length (ft)
cmpdia(in) inlet (O, C, P,R) outle (O,C, P, R) bottom (O, C, P,R) Separated? Rd grade (%)
Headwall (in) ___ CMPslope (%) Stream class (1, 2, 3) Rustline (in) % washed out
D.P.2(Y) Currently dvted? (Y) Past dvted? (Y) Plug pot: (H, M, L) Ch grade (%) _ |
Ch width (ft) __ Ch depth (ft) Sed trans (H, M, L) Dranagearea (mi?)
EROSION EP.(H,M,L) Potential for extreme erosion? (Y, N) Volumeof extreme erosion (yds®): 100-500, 500-1000, 1K-2K, >2K
Past erosion... Rd& ditch vol (yds’) Gully fillslope'hillslope Fill failure volume Cutbank erosion Hillslope Stream xing failure
(yds’) (yds’). (yds’) (yds’) dide vol. bank vol (yds’)
(yds erosion
Total past erosion Past delivery Total past yield Ageof past erosion (yds)
(yds) (%) (yds) (decede)
Future erosion... Total future erosion Future delivery Total future yield Futurewidth Future Futurelengh (ft)
(vds) (%) (vds) m__ depth (ft)
TREATMENT Immed (H,M,L) Complex (HM,L) Mulch (ft?)
Excavate soil Critica dip Wet crossing (ford or sill hot (ft) sill width (ft)
armored fill) (cirde)
Trash Rack Downspout D.S.lengh (ft) Repair CMP Clean CMP
Install culvert Replace culvert CMP diameter (in) CMPlength (ft) __
Reconstruct fill Armor fill face(up, dn) Armor area (ft?) Clean or cut ditch Ditch length (ft)
Qutslope road (Y) OS and Retain ditch (Y) O.8. (1) Inslope road LS. (f) Rolling dip RD.(#)
Remove berm Remove berm (ft) Remove ditch Remove ditch (ft) Rock road- f*
Install DR-CMP DR-CMP(#) Check CMPsize? (Y) Other tmt? (Y) No tmt. (V)
COMMENT ON PROBLEM:
EXCAVATION VOLUME Total excavate (yds®)____ Vol putbackin (yds’) Volumeremoved (yds) __
Vol gockpiled (yds®)___ Vol endhauled (yds’) Dist endhauled (ft) Excav prod rate (yds’)
EQUIPMENT HOURS Excavator (hrs) Dozer(hrs) Dump truck (hrs)___ Grader (hrs) ___
Loader (hrs)__ Backhoe (hrs) _ Labor (hrs) Other(hrs) __
COMMENT ON TREATMENT

Pacific Watershed Associates - P.O. Box 4433 - Arcata, CA 95518 - (707) 839-5130
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Part 1: Road-related sites

Site types

A total of 137 steswereidentified along 33.7 miles of road ( 39.4 miles- 5.7 milesreported in Appendix
A for the Old Haul Road) with the potential to deliver sediment to streams. Of these, 122 Stes were
recommended for erosion control and erosion prevention treatment. Approximately 53% (n=73) of the
sites are classified as stream crossings, 30% (n=41) as ditch relief culverts and 10% (n=14) aspotentid
landslide sites. The remaining 7% (n=9) of the inventoried sites consist of “other” sites which include
road reaches, orings, gullies, etc. (Table 1 and Maps 1A and 1B).

Stream crossings - Seventy-three (73) stream crossings were inventoried in the PMSM-CPC road
assessment area, including 41 culverted crossings, 18 unculverted fill crossings, 5 humboldt log
crossings, 4 “ford or wet” crossings and 5 bridges. An unculverted fill crossing refers to a stream
crossing with no formal drainage structureto carry the flow through the road prism. Streamflow either

Table 1. Site classification and sediment delivery from all inventoried road sites (excluding the Old
Haul Road, see Appendix A) with future sediment delivery, Pescadero/Memorial/Sam McDonald
County Park Complex, Pescadero Creek, San Mateo County, California.
Sites recommended for treatment
Number
Number of sites Stream Stream culverts
. of sites crossings Stream with a high to
Site Type orroad | Fuyture crossings
or road . . w/ a moderate
miles miles to yield diversion | currently lusoin
treat (yds’) : diverted plugging
potential *) potential
# #)
Stream crossings 73 71 15,230 40 17 43
Landslides 14 8 1,288 - - -
Ditch rdief culverts 41 35 483 -- -- --
Other 9 8 131 -- -- --
Total_ 137 122 17,132 40 17 43
(al sites)
Persistent Paved 3.3 2.9 2,269 -- -- --
surface
Non-
S N N N
erosion paved 10.0 9.9 19,315
Totals 137 122 38,716 40 17 43
* Paved roads assume 10' cutbank and ditch contributing area, and 0.4' of cutbank surface lowering over two decades. Non-paved roads assume 25' wide
road prism and cutbank contributing area, and 0.4' of road/cutbank surface lowering over two decades.

Pacific Watershed Associates - P.O. Box 4433 - Arcata, CA 95518 - (707) 839-5130
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flows over the road surface, or it is diverted down the road to the inboard ditch. Mot unculverted fill
crossings are located at small Class 111 streams that exhibit flow only inthe larger runoff events.

Of the 73 stream crossing sitesinventoried, 71 have beenrecommended for some formof eroson control
and eroson prevention treatment. The treatments range from smply ingdling a downspout at the
culvert outlet (to prevent fill Slope erosion) or atrash rack at the culvert inlet (to reduce the plugging
potential), to removing amajor bridgein order to excavate 500 yds’ of failing fill beneath the bridge, and
then putting the bridge back in place (see Site#236). Approximately 15,230 yds’ of future road-rel ated
sediment delivery inthe PM SM -CPC assessment area could originatefrom erosion at stream crossings,
if the crossings were to wash out (Table 1). This amounts to nearly 39% of the total expected future
sediment delivery from the road system. Not all these crossings can be expected to wash out, but over
long periods of time many will experience repeated episodes of partial erosion, stream diversion or
completefailure. The rate of faillure will be higher for crossings which are located on abandoned roads
or for those which are not designed to current 100-year design standards.

The most common problems which lead to eroson at sream crossngs include: 1) crossngs with
undersized culverts, 2) crossings with culverts that are likely to plug, 3) stream crossings with a
diversion potentia and 4) crossings with gully eroson at theculvert outlet. Thesediment delivery from
stream crossing sites is dways classified as 100% because any sediment eroded at the crossing steis
then delivered to the channel. Even sediment which is delivered to small ephemera streams will
eventually be transported downstream to fish-bearing stream channels.

At stream crossings, the largest volumes of future erosion can occur when culverts plug or when
potentid storm flowsexceed culvert capacity (i.e., the culvertisundersized for thel00-year desgn sorm
flow or prone to plugging with sediment or organic debris), and flood runoff spills onto or across the
road. When stream flow goes over thefill, part or all of the stream crossing fill may be eroded.

Approximatey 97% (n=71) of the stream crossingsinventoried in the PM SM -CPC assessment area will
need to be upgraded for the roadsto be considered “ sorm-proofed.” For example, 59% of the existing
crossings have a“moderate’ to “high” plugging potential (Table 1). Because most of the roads were
constructed many years ago, culverted stream crossings are typically under-designed for the 100-year
storm flow, and the expected high amounts of wood and sediment which will be in transport.

Alternatdy, when flow is diverted down the road, either on the road bed or in the ditch (indead of
spilling over the fill and back into the same stream channd), the crossing is said to have a“diverson
potentia” and the road bed, hillslope and/or stream channel that receivesthe diverted flow can become
deeply gullied or destabilized. These hilldope gullies can be quite large and can deliver significant
guantities of sediment to stream channels. In someinstances, diverted stream flow which is discharged
onto steep, potentially unstable slopes can also trigger large hilldope landslides. Of the 71 sream
crossings recommended for treatment in the PMSM-CPC assessment area, 80% (n=57) have the
potentid to divert in the future and of these, 17 streams are currently diverted at stream crossing sites
(Table 1).

At stream crossings with undersized culverts or where there is a diversion potentia, corrective
prescriptions have been outlined on the data sheetsand in the following tables. Preventative treatments

Pacific Watershed Associates - P.O. Box 4433 - Arcata, CA 95518 - (707) 839-5130
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include such measures as congructing critical dips (rolling dips) at stream crossings to prevent stream
diversions, installing larger culverts wherever current pipes are under-designed for the 100-year sorm
flow (or where they are prone to plugging), ingalling culverts a the natura channel gradient to
maximize the sediment transport efficiency of the pipe, to reduce plugging, and ensure that the culvert
outlet will discharge on the natura channel bed below the base of the road fill, and ingtdling debris
barriers and/or downspoutsto prevent culvert plugging and outlet eroson, respectively.

Landslides - Only those landslide sites with a potential for sediment delivery to a stream channe were
inventoried. Potentid landslides account for approximately 10% of the inventoried sitesin the PMSM -
CPC assessment area (Table 1). Most of the potential landslide sites were found dong roads where
material had been Sdecast during earlier congruction and now shows signs of ingability. Potential
landslides are expected to deliver nearly 1,288 yds’® of sediment to Pescadero Creek and its tributaries
in the future. Correcting or preventing potentiad landdides associated with the road is reatively
straightforward, and involves the physcal excavation of potentialy unstable road fill and sidecast
materials.

There are anumber of potential landslide sites |ocated in the Pescadero Creek assessment areathat did
not, or will not deliver sediment to streams. These Steswere not inventoried usng data sheets (Figure
2) dueto thelack of expected sediment delivery to astream channd, but they were mapped on the mylar
overlays of the 1:12000 scale field maps. They are generally shallow and of amdl volume, or located
far enough away from an active stream such that delivery is unlikely to occur.

Ditch relief culverts - Only those ditch rdief culvertsthat currently deliver or will potentially deliver
sediment to streams in the future were inventoried in this project. Forty-one (41) ditch relief culverts
with potentid sediment delivery were identified and these cumulatively account for approximately 30%
of the inventoried sitesin the PM SM-CPC assessment area. Gully erosion can occur below ditch relief
culvert outletsdue to excessve road and/or ditch contributionto theinlet. Gully erosion canalso occur
asaresult of poor installation techni ques such as shotgunned outlets or the culvert being placed too high
inthefill without functional downspouts. Ditchrelief culvertsare expected to deliver approximately 483
yds® of sediment to Pescadero Creek and its tributariesin the future. Correcting or reducing sediment
delivery associated with ditch relief culverts generaly involves reducing and dispersing excessive ditch
flow by installing additional ditch relief culverts, installing rolling dips and outsoping roads. Reducing
outlet erosion below these sitesinvol vesinstalling functional downspouts aswell asreplacing ditch relief
culverts deeper in the fill.

“Other’’sites - A totd of 9" other” sites werealso identified in the PM SV -CPC assessment area (Table
1 and Map 1A and 1B). Other sitesincluderoad surface, ditch, major springs, and gullies not associated
with ditch relief culverts which exhibited the potential to deliver sediment to streams. The main cause
of existing or future erosion at these stesis surface runoff and uncontrolled flow from long sections of
undrained road surface and/or inboard ditch. Uncontrolled flow along the road or ditch may affect the
road bed integrity aswell as cause gully erosion on the adjacent hillslopes. Road runoff is dso amajor
source of fine sediment input to nearby stream channels.

Of the 9 “other” gtes, 8 have beenrecommended for eroson control and eroson prevention treatment.
We estimate 131 yds® of sediment will be delivered to streams if they are left untreated. Sediment
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delivery from these sites represents less than 1% of the total potentid sediment delivery from sites
recommended for erosion control and erosion prevention treatment.

Persistent surface erosion - nthe PM SM-CPC assessment area, we measured approximately 13.3 miles
of road surface and/or road ditch (representing over 39% of the total inventoried road mileage) which
currently drain directly to streams, and delivers ditch and road runoff and sediment to stream channels.
Theseroadsare said to be“hydrologically connected” to the stream channel network. When theseroads
are being actively maintained and used for access, they represent a potentially important source of
chronic fine sediment delivery to the stream system throughout the year.

Of the 13.3 miles of road surface and/or ditch contribution , 12.8 miles have been recommended for
treatment. Fromthe 12.8 milesof “connected” road segments, we calculated approximately 21,584 yds®
of sediment will be delivered to sream channelsin the Pescadero Creek watershed over thenext 20 years
if no efforts are made to change road drainage paterns (Table 1).* This will occur through a
combination of 1) cutbank erosion delivering sediment to theditchtriggered by dry ravel, rainfall, freeze-
thaw processes, cutbank landdlidesand brushing/grading practices, 2) inboard ditch erosionand sediment
transport, 3) mechanical pulverizing and wearing down of the road surface, and 4) erosion of the road
surface during wet weather periods.

Relatively sraight forward eroson prevention treatments can be applied to upgrade road systems to
prevent finesediment fromentering stream channels. Thesetreatmentsgenerallyinvolvedispersing road
runoff and disconnecting road surface and ditch drainage from the natural sream channd network.
Road surface treatments include the installaion of rolling dips road surface outsloping and/or
installation of additional ditch relief culverts prior to rocking road surfaces.

Treatment Priority

Aninventory of future or potentia erosonand sediment delivery Stesisintended to provideinformation
which can guidelong range transportation planning, aswell asidentify and prioritize erosion prevention,
eroson control and road decommissioning activitiesin the watershed. Not all of the sitesthat have been
recommended for treatment have the same priority, and some can be treated more cost effectively than
others. Treatment prioritiesare evaluated onthe basis of severd factorsand conditions associated with
each potential erosion site. These include:

1) the expected volume of sediment to be delivered to streams (future delivery - yds?),

2) the potential or “likelihood” for future erosion (eroson potentid - high, moderate, low),
3) the“urgency” of treating the site (treatment immediacy - high, moderate, low),

4) the ease and cost of accessing the site for treatments, and

5) recommended treatments, logistics and costs.

' The applied, average rate of surfacelowering on cutbanks and along road beds (i.e. 0.2 feet/decade) is
based on observed retreat or erosion rates in the Pescadero Creek watershed, and on un-published data from
sedi ment budget studies on similar geologiesin the Redwood Creek water shed, Humboldt County (Redwood
National Park, unpublished data).
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The erosion potential of asiteisaprofessional evaluation of thelikeihood that future erosion will occur
during a future storm event. Erosion potential is an estimate of the potentia for additional erosion,
based on field observations of a number of local site conditions. Eroson potential was evduated for
each site, and expressed as “High”, “Moderate” or “Low.” The evaluation of erosion potential is a
subjective estimate of the probability of eroson, and not an estimate of how much erosion is likely to
occur. Itisbased on the age and nature of direct physical indicatorsand evidence of pending instability
or eroson. Thelikelihood of erosion (erosion potentia) and the volume of sediment expected to enter
a stream channel from future erosion (sediment delivery) play significant roles in determining the
treatment priority of eachinventoried site (see”trestment immediacy,” below). Field indicatorsthat are
evaluated indetermining the potential for sediment delivery include such factors as slope steepness, slope
shape, distance to the ssream channel, soil moisture and evaluation of erosion process. The larger the
potentid future contribution of sediment to a stream, the moreimportant it becomesto closdy evaluate
its potential for cost-effective treatment.

Treatment immediacy (treatment priority) is a professional evaluation of how important it is to
“quickly” performeroson control or eroson preventionwork. Itisalso defined as“High”, “Moderate”
and “Low” and represents both the severity and urgency of addressing the threat of sediment delivery
to downstream areas. Anevaluation of treatment immediacy considerserosion potential, future erosion
and delivery volumes, the value or sensitivity of downstream resources being protected, and treatability,
as well as, in some cases, whether or not there is a potential for an extremely large eroson event
occurring & the ste (larger thanfield evidence might at first suggest). If massmovement, culvert falure
or sediment delivery isimminent, evenin an average winter, then treatment immediacy might be judged
“High”. Treatment immediacy is a summary, professional assessment of a site’s need for immediate
treatment. Generdly, Stes that are likely to erode or fail in anormal winter, and that are expected to
deliver significant quantities of sediment to a stream channel, are rated as having a high treatment
immediacy or priority.

One other factor influencing asite' streatment priority is the difficulty (cost and environmental impact)
of reaching the site with the necessary equipment to effectively treat the potentid eroson. Many sites
found on abandoned or unmaintained roads require brushing and tree removal to provide accessto the
site(s). Other roads require minor or major road rebuilding of washed out stream crossings and/or
existing landslidesin order to reach potential work sites farther out the alignment. Road reconstruction
addsto theoverall cost of erosion control work and reduces project cost-effectiveness. Potential work
sites with lower cost-effectiveness, in turn may be of relatively lower priority. However, just because
aroad is ébandoned and/or overgrown with vegetation is not sufficient reason to discount its need for
assessment and potentia treatment. Treatments on heavily overgrown, abandoned roads may still be
both beneficial and cost-effective.

Evaluating Treatment Cost-Effectiveness

Treatment priorities are developed from the above factors, as well as from the estimated cost-
effectiveness of the proposed erosion control or erosion prevention treatment. Cogt-effectiveness is
determined by dividing the cost ($) of accessng and treating asite, by the volume of sediment prevented
from being delivered to local sream channels. For example, if it would cost $2000 to develop access
and treat an eroding stream crossing that would have delivered 500 yds® (had it been l&ft to erode), the
predicted cost-effectiveness would be $4/yds’ ($2000/500yds’).
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To be considered for priority treatment asite should typically exhibit: 1) potential for sediment delivery
to a stream channel (with the potentid for trangport to afish-bearing stream), 2) a high or moderate
treatment immediacy and 3) a predicted cost-effectiveness vaue averaging in the generd range of
approximately $7 to $15/yd?, or less? Treatment cost-effectivenessanalysisisoften applied to agroup
of stes(rather than on asingle Ste-by-site basis) so that only the most cost-effective groups of sites or
projectsare undertaken. During road decommissioning, groups of stesare usudly considered together
sincetherewill only be one opportunity to treat potentid sediment sourcesalong theroad. Inthiscase,
cost-effectivenessmay be calculated for entire roads or road reachesthat fall intological treatment units.

Cost-effectiveness can be used as a tool to prioritize potentia treatment sites throughout a sub-
watershed (Weaver and Sonnevil, 1984; Weaver and others, 1987). It assures that the greatest benefit
isreceived for thelimited fundingthat istypicaly available for protection and restoration projects. Sites,
or groups of stes, that have apredicted marginal cost-effectiveness value (>$20/yd®), or are judged to
have alower erosion potential or treatment immediacy, or low sediment delivery volumes, areless likely
to be treated as part of the primary watershed protection and “erosion-proofing” program. However,
these sites should be addressed during future road reconstruction (when access is reopened into areas
for future management activities), or when heavy equipment is performing routine maintenance or
restoration at nearby, higher priority sites.

Types of Prescribed Heavy Equipment Erosion Prevention Treatments

Roads can be storm-proofed by one of two methods: upgrading or decommissioning (closure) (Weaver
and Hagans, 1999). Upgraded roads are kept open and are ingpected and maintained. Their drainage
facilitiesand fills aredesigned or treated to accommodate or withstand the 100-year ssorm. Incontrast,
properly decommissioned roads are closed and no longer require maintenance. Generic treatments for
decommissioning roads and landingsrangefrom mild outdoping or smplecross-road drain construction,
to full road decommissioning (closure), including the excavation of unstable and potentidly unstable
sdecast materials, road fills, and all stream crossing fills. The characteristics of storm-proofed roads,
including those which are either upgraded or decommissioned, are depicted in Figure 3. Appendix 2
illugrates typical design and construction standards for upgrading or decommissioning roads. Only 5
sites are recommended for decommissioning in the PM SMI-CPC assessment area (Table 2).

% The cost-effectiveness values of $7 to $15/yds®, or less, was developed by the CDF&G in 1996 based on
cost egimates to treat and up-grade road eroson sites along roads in the northern California counties of Humboldt,
Trinity, Dd Norte and Mendodino. Severd factors indicate that in the San Francisco Bay Area counties, amore
appropriate cost-effectiveness value should be between $10 to $20/yd® saved or prevented from entering a stream
channel. The acceptability of the proposed revision in cos-effectiveness valuesis based on the following
considerations: 1) numerous road assessments PWA has performed over the last 5 yearsin the greater Bay Area
from Sonoma to Monterey Counties, where the cost-effectiveness values frequently exceed $15/yd saved, 2) heavy
equipment rental rates in the Bay Area counties on average, exceed the north coast counties by 25% to 50%, 3) the
cost-effectiveness values esablished by CDF& G over 6 years ago have not been adjugted for cost-of-living rate
changes, whether based on inflation or the higher cost of living in the greater Bay Area, and 4) the vast mgjority of
upland road projects in the Bay Area counties are conducted at prevailing wage rates compared to owner -operator
rates charged on similar projects in the north coast counties.

Pacific Watershed Associates - P.O. Box 4433 - Arcata, CA 95518 - (707) 839-5130

15



Pescadero/Memorial/Sam M cDonald County Park Complex Sediment Assessment, Final Report February 2003

FIGURE 3. CHARACTERISTICS OF STORM-PROOFED ROADS

The following abbreviated criteria identify common characteristics of “sorm-proofed”’ roads.
Roads are “ sorm-proofed” when sediment delivery to streamsis srictly minimized. Thisis
accomplished by dispersing road surface drainage, preventing road erosion from entering streams,
protecting stream crossings from failure or diversion, and preventing failure of unstable fills which
would otherwise deliver sediment to a stream. Minor exceptionsto these “ guidelines’ can occur
a specific sites within a forest or ranch road system.

STREAM CROSSINGS

v al stream crossings have a drainage structure designed for the 100-year flow

v/ stream crossings have no diversion potentid (functional critical dips arein place)

v/ stream crossing inlets have low plug potentid (trash barriers & graded drainage)

v/ stream crossing outlets are protected from erosion (extended, transported or dissipated)

v culvert inlet, outlet and bottom are open and in sound condition

v’ undersized culvertsin deep fills (> backhoe reach) have emergency overflow culvert

v/ bridges have stable, non-eroding abutments & do not significantly restrict design flood
v fillsare stable (unstable fills are removed or stabilized)

v road surfaces and ditches are “ disconnected” from streams and stream crossing culverts

v/ decommissioned roads have al stream crossings completely excavated to original grade

v Class 1 (fish) streams accommodate fish passage

ROAD AND LANDING FILLS

v’ unstable and potentialy unstable road and landing fills are excavated (removed)
v excavated spail isplaced in locations where eroded material will not enter a stream
v’ excavated spoil is placed where it will not cause a dope failure or landslide

ROAD SURFACE DRAINAGE

v road surfaces and ditches are “ disconnected” from streams and stream crossing culverts

v ditches are drained frequently by functional rolling dips or ditch relief culverts

v outflow from ditch relief culverts does not discharge to streams

v gullies (including those below ditch relief culverts) are dewatered to the extent possible

v ditches do not discharge (through culverts or rolling dips) onto active or potentia landslides
v/ decommissioned roads have permanent road surface drainage and do not rely on ditches
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Table 2. Treatment priorities for all inventoried sediment sources (excluding the Old Haul Road, see
Appendix A), Pescadero/Memorial/Sam McDonald County Park Complex, Pescadero Creek, San
Mateo County, California.
. - . Future
Treatment Upgrade sites Decommission sites sediment
Priority (# and site #) (# and site #) Problem delivery (yds®)
7 0 7 stream
High (site #: 210, 236, 245, 264, 295, 299, ) 6,247
crossings
605)
11 16 stream
High (site #: 200, 204, 205, 206, 207, 214, 0 Zﬁ;ﬁ" sﬂ%s 10994
Moderate | 217, 218, 221, 221.1, 242, 244, 253, 3 ditch r eI?Zf '
256, 263, 265, 274, 282, 287, 293, 298)
culverts
31 21 stream
(site#: 202, 202.1, 211, 212, 220, 222, crossings,
Moderate 231, 232, 239, 243, 248, 250, 251, 255, 2 1landdlide, 12018
259, 260, 262, 264.1, 270, 271, 272, (site #: 215, 288) 8 ditch relief '
281, 291, 297, 304, 305, 308, 606, 607, culverts,
608, 609) 3 other
37 16 stream
(site #: 200.1, 208, 213, 216, 217.2, crossings,
Moderate 219, 219.3, 221.3, 221.6, 223, 227, 235, 0 5 landdlides,
Low 237, 238, 240, 249, 249.1, 252, 254, 13 ditch relief 7,441
266, 268, 269, 273, 276, 277, 278, 279, culverts,
283, 285, 286, 292, 294, 300, 301, 302, 3 other
307, 602)
21 11 stream
(site#: 203, 209, 219.2, 221.4, 221.5, 3 crossings
Low 221.7,221.8, 221.9, 226, 233, 234, 241, (site#: 217.1, 11 ditch relief 2,786
246, 247, 258, 261, 275, 290, 296, 303, 221.2, 267) culverts,
306) 2 other
71 stream
crossings,
8 landslides,
Total 117 5 35 ditch relief 38,716
culverts,
8 other

Road upgrading involvesavariety of treatmentsused to makearoad moreresilient to large sormsand
flood flows. The most important of these include stream crossing upgrading (especialy culvert up-sizing
to accommodate the 100-year storm flow and debrisin transport, and to eliminate stream diversion
potential), removal of unstable sdecast and fill materials from steep slopes, and the application of
drainage techniques to improve dispersion of road surface runoff. Road drainage technigues include
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berm removal, road outdoping, rolling dip congruction, and/or theingallation of ditch relief culverts.
The goal of all treatmentsis to make the road as “hydrologically invisible” asis possible.

Along some low strength road routes, re-rocking or repaving the road following stream crossing
upgrading, installation of ditch relief culverts, rolling dip construction and road outsoping or indoping
will often be necessary. These activitieswill incorporate pre-existing road rock into the new road shape
design, thereby providing someroad bed strength and stability. However, this often may not be enough
material to provide safe passage in the winter months. Predicting the total amount of new road rock
required can be difficult but, at a minimum, rock or pavement has been prescribed at dl newly
constructed rolling dips and culvert locations on roads which are currently rocked or paved and are
proposed for upgrading and winter use.

Treatments

Badsc treatment priorities and prescriptions were formulated concurrent with the identification,
description and mapping of potential sources of road-related sediment delivery. Table 2 and Maps 2A
and 2B ouitline the treatment priorities for all 122 inventoried road-related sites with future sediment
delivery that have been recommended for treatment in the PM SM -CPC assessment area. Appendix C
(see attached document) containsall the individual data sheets for each site.

Ot the 122 siteswith future sediment delivery recommended for erosion control and erosion prevention
treatment, 28 sites were identified as having a high or high-moderate treatment immediacy with a
potentia sediment delivery of approximately 16,471 yds’ (Table 2). Seventy (70) siteswerelisted with
amoderate or moderate-low treatment immediacy and these account for nearly 19,459 yds® of future
sediment delivery. Finaly, 24 siteswere liged as having alow treatment immediacy with approximately
2,786 yds® of future sediment delivery.

Table 3 summarizes the proposed treatments for sites inventoried on all roads in the PMSM-CPC
assessment area. These prescriptions include both upgrading and road closure measures. The database,
as well as the field inventory sheets, provide details of the treatment prescriptions for each site. Most
treatments require the use of heavy equipment, including an excavator, tractor, dump truck, grader
and/or backhoe. Some hand labor isrequired at sitesneeding new culverts, downspouts, culvert repairs,
trash racks and/or for applying seed, plants and mulch following ground disturbance activities.

It is estimated that eroson prevention work will require the excavation and permanent disposa of
approximately 5,106 yds’ of soil from 24 sites. A total of 105 yds® of 0.5to 1.5 foot diameter mixed and
clean rip-rap sized rock will be needed to construct 10 proposed armored fill or wet crossings and to
armor 2 outboard fill faces (Table 3). At 44 dream crossing sites, we have recommended replacing or
installing new culverts designed for the 100 year storm discharge.

We have recommended 237 rolling dipsbe constructed at selected locationsalong the road network, at
spacing dictated by the steepness of the road. A minimum of 59 new ditch rdief culverts are
recommended to be installed and/or replaced along the inventoried road routes to disconnect ditches
from streams. Some of the proposed rolling dips can be replaced with additional ditchrelief culverts at
the discretion of the landowner, but there will beincreased costs dueto the need to purchase the culvert.
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Table 3. Recommended treatments along all inventoried roads (excluding the Old Haul Road, see
Appendix A), Pescadero/Memorial/Sam McDonald County Park Complex, Pescadero Creek, San
Mateo County, California.
Treatment No. Comment Treatment No. Comment
Critical dip o4 T_o prevent siream !nstall flared 3 Install flared_lnletto increase
diversons inlet culvert capacity
Outd ope road
Install CMP 13 InstalIaCMI_Datan and remove 1 _Outslope268feetofroad_to
unculverted fill ditch improve road surface drainage
Upgrade an undersized Indope 100 feet of road to improve
Replace CMP 30 CMP Inslope road 1 road surface drainage
Typicaly fillslope &
. crossing excavations, Remove 450 feet of berm to improve
Excavate sl 40 excavate a total of 5,672 Remove berm 3 road surface drainage
yds®
o souts | 5 Lﬁ:’tﬁ;oopm;fg:;he install ditch | | Install ditch relief culvertsto
a : pe relief CMP improve road surface drainage
erosion
Ingall 1 rocked ford and : . i .
Wet crossing 10 | 9 armored fill crossings :j?Stsa” rolling 246 :jl:;ti“ rglllng dipsto improve road
using 90 yds’ of rip-rap b &
Remove debris and/or . .
Clean CMP 5 sediment from CMP erss road 5 Install cross road drains to improve
; drains road drainage
inlet
Rock or re-rock road surface using
Rock road 1,390yds’ road rock at 8 ditch relief
Install bridge 1 Install bridge surface 125 | culvert installations, 103 rolling dip
ingallations and 14 stream crossing
upgrades
';ii trash 13 | Instal trash rack Other 11 | Miscdlaneoustreatments
Armor fill ROCk armor to pro_tect No treatment
face 3 filld ope from erosion recommended 15
using 17 yds® of rock

A total of 1,450yds’ of 1.5inch minusroad rock is recommended to re-rock disturbed areas along roads
which are currently rocked.

Treatment Conclusions
All the treatment recommendations liged in this report have the specific aim of reducing sediment
delivery to the watershed’ s stream network. These treatments will be effective at minimizing sediment
delivery, and are generally the minimum, most cost effective prescriptionsnecessary to achievethisgod.
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Additional treatment activities might be considered at the time of implementation to meet broader land
management goals. Broader land management goas may include, but are not limited to, full ecological
restoration, restoration of native plant communities, successional processes, natural drainage patterns
that provide diversity, wildlife habitat improvements, natura creek function and maintaining visualy
intact landscapes. Some additional treatment activities that are not necessary for sediment delivery
reduction but may complement land management goal sto reduce impacts on natural resources are listed
below:

. Rerouting or abandoning problematic sections of roads or trals when the origind alignment is
SO poor that it cannot be sustainable.

. The use of more extensive outdoping, with dips at small topographic drainage features, and
elimination of as much inboard ditch as possible, rather than extensive use of rolling dips.

. Removal of ditch relief culverts that are no longer functiond after outsloping.

. Addition of drain lensesand armored drains that may be used to drain springs and seeps which
are bisected by aroad or trall.

. Theuseof culvert headwalls congructed of quick-crete sacks either independently or in addition
to flared inlets.

. Completetopographic obliteration on decommission roads where no threat of sediment delivery
exists.

These treatments listed above were considered as options if sediment delivery to a stream channel was
apossibility, however our recommended treatments are the most effective and cost effective
prescription. There are an infinite number of treatment possibilities that may be applied to atan
management gods, however, they generally cos more than those prescribed for this project.

Equipment Needs and Costs

Treatments for the 122 sites identified with future sediment delivery in the Pescadero Creek road
assessment area will require approximately 573 hours of excavaor time and 635 hours of D-5 tractor
time to complete all prescribed upgrading, road closure, eroson control and erosion prevention work

Table 4 Estimated heavy equipment and labor requirements for treatment of all inventoried sites
(excluding the Old Haul Road, see Appendix A), with future sediment delivery, Pescadero/Memorial/
Sam McDonald County Park Complex, Pescadero Creek, San Mateo County, California.
. Total

Treatment Site Excavated Excavator | Tractor Dump Backhoe Labor

Immediacy # Volume (yds’) (hrs) (hrs) Trucks (hrs) (hrs) (hrs)
High,
High/Moderate 28 6,164 225 268 5 51 241
Moderate,
Moderate/L ow 70 5,725 260 303 0 92 340
Low 24 644 88 64 0 10 79
Total 122 12,533 573 635 5 153 660
' Total excavated volume includes permanently excavated material and temporarily excavated materials used in backfilling upgraded stream crossings. |
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(Table 4). Excavator and tractor work is not needed at all the Stes that have been recommended for
treatment and, likewise, not dl the stes will require both atractor and an excavator. Approximatey 5
hours of dump truck time has been listed for work in the basin for end-hauling excavated spoil from
streamcrossings. Approximately 153 hours of backhoe timeisneeded primarily for installing additional
or replacing existing undersized and rotten ditch relief culverts. Approximately 660 hoursof labor time
Is needed for a variety of tasks such as ingdlation or replacement of culverts, ingdlation of debris
barriers and downsgpouts (Table 4), and an additiona 80 hours are for laborers to seed and mulch
disturbed areas (Table 5). Roughly 500 hours of water truck time, 100 hours of grader time and 200
hours of roller time has been prescribed in order to apply road surface treatments such as rolling dips,
additional ditch relief culverts, road outsloping, berm removal, etc., and to achieve good compaction at
all new stream crossing work sites (Table 5).

Estimated costs for erosion prevention treatments - Prescribed treatments are divided into two
components: a) dte specific erosion prevention work identified during the watershed inventories, and
b) control of persistent sources of road surface, ditch and cutbank erosion and associated sediment
delivery to streams. The total cogts for road-related erosion control at sites with future sediment
deliveryisestimated at approximately $596,267 for an averagecos-effectivenessvalue of goproximat ey
$15.40 per cubic yard of sediment prevented from entering Pescadero Creek and itstributaries (Table
5). This estimate incdudes costs to re-pave or re-rock dl currently paved or rocked work sites.
However, it should be noted that coststo re-rock or re-pave the entire upgraded road system following
implementation of the proposed storm-proofing activities are not included in this table.

Overall site specific erosion prevention work: Equipment needs for site specific eroson prevention
work at siteswith future sediment delivery are expressed in the database, and summarized in Tables 5,
as direct excavation times, in hours to treat all stes having a high, moderate, or low treatment
immediacy. These hourly estimates include only the time needed to treat each of the Stes and their
associated length of road bed and ditch, and do not include travel time between work sites, times for
basic road surface treatmentsthat are not associated with a specific “site,” or the time needed for work
conferencesat each site. These additional times are accumulated as"logistics" and must beadded tothe
work times to determine total equipment costs as shown in Table 5.

The costs in Table 5 are based on a number of assumptions and estimates, and many of these are
included asfootnotesto the table. The costs provided are assumed reasonable if work is performed by
outside contractors, with no added overhead for contract administration and pre- and post-project
surveying. Movement of equipment to and from the site will require the use of low-boy trucks. The
majority of treatmentslisted in this planarenot complex or difficult for equipment operatorsexperienced
in road upgrading and road decommissioning operations. The use of inexperienced operators would
require additional technical oversght and supervision in the field.

All recommended treatments conform to guidelines described in “The Handbook for Forest and Ranch
Roads’ prepared by PWA (1994) for the California Department of Forestry, Natural Resources
Conservation Service and the Mendocino County Resource Conservation Digtrict. It should aso be
noted that approximately 7.1 miles of the road length inventoried was on paved county roads (5.5 miles)
or county jail roads (1.6 miles) where engineers may need to be involved in the desgn of upgrade work
Extracosts could include safety flagging, concrete slurry around new culverts, painting, guard rails, etc.
This could add a significant cost to completing the proposed work. .
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Table5 lists atotal of 595 hoursfor “supervison” time for detailed pre-work layout, project planning
(coordinating and securing equipment and contractors), on-Ste equipment operator instruction and
supervision, establishing short and long term, effectiveness monitoring measures, and post-project cost
effectiveness analyssand reporting. It is expected that the project coordinator will be on-stefull time
at the beginning of the project and intermittently after equipment operations have begun.

As mentioned previously, it is often advantageous to lump a number of sitestogether based on a sub-
watershed area, inorder to develop alogical project and improve cost-effectiveness. Table 6 and Map

Table 5. Estimated logistic requirements and costs for road-related erosion control and erosion prevention
work on all inventoried sites (excluding the Old Haul Road, see Appendix A), with future sediment
delivery, Pescadero/Memorial/Sam McDonald County Park Complex, Pescadero Creek, San Mateo County,
California.
Cost Estimated Project Times Total
Cost Category' Rate? Treatment? Logistics* Total Estimsated
(8/hr) (hours) (hours) (hours) Costs” (3)
(Low Boy expenses) || D5 tractor 85 30 - 30 2,550
Excavator 135 432 130 562 75,870
D-5 tractor 125 386 116 502 62,750
Heavy Equipment Dump Truck | 65 5 2 7 455
requirements for site
spedific treatments Backhoe 95 40 12 52 4,940
Water truck 90 200 60 260 23,400
Roller 100 100 30 130 13,000
Excavator 135 141 42 183 25,705
D-5 tractor 125 249 72 312 39,000
Heavy Equipment Backhoe 95 113 34 147 13,965
reguirements for road
drainage treatments Grader 120 100 30 130 15,600
Water truck 20 300 20 390 35,100
Roller 100 100 30 130 13,000
Laborers’ 40 900 270 1,170 46,800
Traffic control® 30 200 60 260 7,800
Rock Costs: (includes trucking for 1,390 yds®of road rock and 97 yds® of rip-rap sized rock ) 52,395
Culvert materials costs (20" of 12", 2,130 of 18, 1,590 of 24", 480' of 30", 610" of 36", 150" of 29,742
48", 70" of 60", 90" of 72", and 60" of 84". Costs included for couplers, elbows and flared inlets) '
Paving Costs (for 18,880 ft? (@ $1.50/ ft?) 28,320
Mulch, seed and planting materials for 15acres of disturbed ground® 8,250
Layout, Co_ordgwanon, Supervision, 75 __ __ 595 44,625
and Reporting
| Total Estimated Costs $596,267 |
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Potential sediment savings: 38,716 yds®

Overall project cost-effectiveness: $15.40 spent per cubic yard saved *

Costs for tools and miscellaneous materials have not been included inthistable. Costs for administration and contracting are variable and have not been included.

? Costsllisted for heavy equipment include operator and fuel. Costslisted are estimates for favorable local private sector equipment rental and labor rates.

* Treatment times includeall equipment hours expended on excavationsand work directly associated with erosion prevention and eroson control at all thesites.

* Logistic times for heavy equipment (30%) include all equipment hours expended for openingaccess to sites, travel ime for equipment to move from site-to-site, conference times with equipment
operators at each siteto convey treatment prescriptions and strategies, and for difficulties in excavating complicated sites. Logistic times for laborers (30%) includes estimated daily travel time to
project area.

° Total estimated project costs listed areaverages based on private sector equipment rental and |abor rates.

® Lowboy haulingfor tractor and excavator, 3 hours round trip for 5work seasons to areas within the Pescadero/M emorial/Sam McDonald County Park Complex. Costs assume 2 hauls each
for two pieces of equipment (oneto movein and oneto move out).

7 An additiond 240 hours of labor time isadded for straw mulch and seeding activities.
¢ An additiond 200 hours of labor time isadded for traffic control on County Public Works roads. Includes time for 2 laborers.

¢ Seed costs equa $6/pound for erosion control seed. Seed costs based on 50# of erosion control seed per acre Straw costs indude 50 bales required per acre & $5 per bale. Sixteen hours of labor
are required per acre of straw mulching.

* Supervision timeincludes detailed layout (flagging, etc) prior to equipment arrival, training of equipment operators, supervision during equipment operations, supervision of labor work and post-
project documentation and reporting).

3A and 3B illustrates a variety of eroson control and prevention projects by sdected roads or
mai ntenance responsbility within the PM SM-CPC watershed assessment area. Table 6 liststhe number
of sites or road miles to treat, by treatment immediacy, the general proposed types of treatments, the
estimated sediment savings, the estimated costs for erosion control and erosion prevention treatments,
and the cost-effectiveness of implementing the project. The Pomponio Tral Road exampleincludes dl
road sites in a subwatershed, whereas the Towne Fire Road example is along segment of road and
associated spur roads which weavesthrough several sub-watersheds, and the Public Works Department
and Sheriff Honor Camp Roads are examples of different management responsibilities. We have
included the same data on the “Old Haul Road” portion of the sediment assessment (Appendix A), for
comparison purposes in Table 6.

Part 2: Trail-related sites

Site types

Erosional problems along foot, horse and bike trails are the same as on roads, however, the scale and
magnitude or volume of the erosion is generdly an order of magnitude lower than dong roads. The
frequency of erosional problems or risk is often similar, but the costs to mobilize people and get
materials to the individual sites results in enormously high costs and very poor cost-effectiveness.

Approximatey 34.4 miles of single treed, horse, foot and bike trails are present in the PMSM-CPC
assessment area. Along these, atotal of 68 sites were identified with the potential to deliver sediment
to streams. Of these, 56 siteswere recommended for eroson control and eroson prevention treatment.
Approximately 88% (n=60) of the dtes are classfied as stream crossngs, 3% (n=2) as potential or

3 See footnote #2 on Page 15 for explanation concerning appropriate cost-effectiveness values.
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Table 6. Future delivery and treatment costs for inventoried sites in the Pescadero/Memorial/Sam McDonald County Park Complex by sub-watershed, management
responsibility, road or group of roads, San Mateo County, California .

Site recommended for treatment by Treatment
. o Treatment type
problem type No. of immediacy
Total '\;"tg road fTu(t)LtJ?Ie Cost
Roed name no. of No. of No.of |\ 0 miles Uoarad Il?nstIaII/ deliver Cost effectiv
sites 0.0 No.of | ditch | OO to M/ POraCe 1 | gt | ToPECE ® e-ness
) stream . . other | treat 1| H stream . ditch y $vd
. landdlides | relief | | treat M| L 5| RD : 49 ($lyds)
crossings sites (#) : HM crossing relief | (yds)
#) culverts (mi) L #)
(#) # (€] culverts
# )
County Public
Works Roads 9 2 0 1 2 5 0.62 1 4 0 2 0 7 4,358 72,687 16.68
Tarwater Creek/
Bridge Trail 15 10 0 4 0 14 1.40 2 10 2 5 34 1 4,184 65,643 15.69
Road
Towne Fire 18 10 0 8 0 18 | 200 | 7 | 9] 2 6 76 3 8090 | 95924 11.86
Roads
Pomponio Trail |, 7 9 3 1 0 13 | 107 | 3| 9|1 8 27 0 3369 | 50120 | 14.88
(Memorial Park)
Ridge Trail Rd
(Sam 18 10 1 6 1 18 1.04 4 10 4 9 49 2 6,739 65,594 9.73
McDonald)
Sheriff Honor 36 12 3 15 1 31 | 153 | 6 | 13|12 9 5 34 | 10089 | 125433 | 1243
Camp Roads
SUBTOTAL 113 53 7 35 4 99 8.65 23 55 | 21 39 191 47 36,829 475,410 12.91
Old Haul Road 45 20 10 10 4 44 3.79 5 32 7 17 59 16 67,326 1,147,182 17.03
TOTAL 158 73 17 45 8 143 12.44 28 87 | 28 56 250 63 104,155 | 1,622,592 15.58

* Number of road miles “ hydrologically connected” to streams that are recommended for treatment.

2 Treatment immediacy: H/HM - High/High-moderate, M/ML - Moderate/Moderate-low, L- Low

® Upgrade stream crossings include culvert installati ons and replacements and the installati on of armored fill crossings and fords.
*RD - Rolling dips
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Stream crossings -Sixty (60) stream crossingswereinventoried inthe PM SM-CPC trail assessment area
including 29 culverted crossings, 11 unculverted fill crossings, 16 bridges, 3 humbol dt log crossingsand
1 wet or ford crossing. Approximately 1,204 yds® (50%) of future trail-related sediment delivery inthe
PMSM-CPC trail assessment areacould originate from erosion at stream crossings, if the crossngsare
not treated and they fail during future sorms (Table 7). This amounts to nearly 49% of the total
expected future sediment delivery fromthetrail syssem. Not dl identified trail crossingscan be expected
to wash out, but over long periods of time many will experience repeated episodes of partial eroson
and/or stream diversion, or complete failure.

The most common problems which lead to erosion at trail gream crossngsinclude: 1) crossngs with
insufficient cross sectional area to allow peak flows to pass across armored fills or under bridges, 2)
stream crossings with adiversion potentia and 3) crossingswith culvertswhich are likely to plug. The
sediment delivery from stream crossing sitesontrails, aswith roads, isalwaysclassified as 100% because
any sediment eroded at the crossing Steisusually delivered to a stream channel. Even sediment which
isdelivered to amall ephemera streamswill eventually be delivered to downstream fish-bearing stream
channéls.

Approximatey 82% (n=56) of thetrail stream crossingsinventoried inthe PMSM-CPC trail assessment
areawill need to be upgraded for the trailsto be consdered“ storm-proofed.” For example, 32% of the

Table 7. Site classification and sediment delivery from all inventoried trail-related sites with future
sediment delivery, Pescadero/Memorial/Sam McDonald County Park Complex, Pescadero Creek, San
Mateo County, California.
Sites recommended for treatment
N;m'lber Nu.mber of Stream Stream Stream culverts
Site Type 0 s1tesd snties Of Future | crossings w/ a | crossings | likely to plug (plug
or l;loa roac mres yield diversion currently | potential rating =
mies to treat (yds®) potential diverted high or moderate)
) (#) (#)
Stream 60 50 1,204 14 1 19
crossngs
Landslides 2 1 3 - - -
Other 6 5 19 -- -- --
Total
(all sites) 68 56 1,226 14 1 19
Pessent | 5 25 1,173 - - -
surface erosion
Totals 68 56 2,399 14 1 19
* Assumes 6' wide road prism and cutbank contributing area, and 0.4' of road/cutbank surface lowering over two decades.
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existing stream crossings have a“moderat€’ to “high” culvert plugging potentid, and approximately
25% of the stream crossings exhibit a diversion potentid (Table 7). Because some of the trails were
constructed years ago, stream crossings are typically under-designed for the 100-year storm flow. At
stream crossngswith insufficient cross sectional area, undersized culvertsor wherethereis adiverson
potential, corrective prescriptions have been outlined on the data sheets and in the following tables.

Preventative treatments include such measures as excavating sufficient area and placing armor at
armored fills fords and bridges, constructing critical dips (rolling dips) a stream crossingsto prevent
stream diversions, installing larger culverts wherever current pipes are under-designed for the 100-year
storm flow (or where they are prone to plugging), instaling culverts at the natura channel gradient to
maximize the sediment transport efficiency of the pipe and ensure that the culvert outlet will discharge
on the natural channel bed below the base of the road fill, and installing bridges at specified stream
crossing locations.

Landslides- Only 2 potentidly controllable landdides were identified along the trail system in the
PMSM-CPC assessment area. The total future sediment delivery isminimd at 3 yds’, however we have
recommended treating one of the sites.

“Other’sites - A tota of 6 “other” steswereidentified in PMSM-CPC trail assessment area. Of the
6 “other” gtes, 5 have been recommended for erosion control and erosion prevention treatment. We
edimate 19 yds’ of sediment will be delivered to streams from the 5 “other” specific trail sites if left
untreated (Table 7 and Maps 1A and 1B). The main cause of existing or future eroson at these Stesis
surface runoff and uncontrolled flow from long sections of undrained trail surface. Uncontrolled flow
along thetrail may affect thetrail bed integrity aswell as cause gully eroson onthe hilllopesbelow the
outlet of ditch relief culverts. Concentrated trail runoff can also be amajor source of fine sediment input
to nearby stream channels.

Persistent surface erosion - 1nthe PMSM-CPC trail assessment area, we measured approximately 2.6
miles of trail surface (representing approximately 8% of the total inventoried trail mileage) which
currently drain directly to streams and deliver surface runoff and sediment to stream channels. These
trals are said to be “hydrologically connected” to the stream channel network. When these tralls are
being actively maintained and used for access, they represent a potentialy important source of chronic
fine sediment delivery to the stream system.

Of the 2.6 miles of “connected” trail segments, 2.5 miles have been recommended for treatment. We
egimate gpproximately 1,173 yds’ (i.e. 49% of thetotd trail derived sediment delivery) of sediment will
be delivered to stream channels in the assessment area over the next 20 yearsif no efforts are made to
changetrail drainage patterns. Thiswill occur through acombination of 1) mechanical pulverizing and
wearing down of the trail surface by foot, bike, and horse traffic, and 2) erosion of the trail surface
during wet weather periods.

Relatively straight-forward eroson prevention treatments can be gpplied to upgrade trail systems to
prevent finesediment from entering stream channels. These treatments generally involvedispersingtral
runoff and disconnecting the trall surface from the natura stream channel network. Trail surface
treatmentsinclude the installation of trail dips, outdoping and the occasiond installation of ditch relief
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culverts. Treatment of trail drainage is very smilar to road surface drainage treatment techniques.
These trails aretreated as if they are small roads.

Prescribed Erosion Prevention Treatments
All the trails inventoried within the PM SM-CPC have been recommended for upgrading in order to
storm-proof the trail system (Table 8).

Trail upgrading involves avariety of treatments used to make atrail morereslient to large stormsand
flood flows. The most important of these include stream crossing upgrading (especially armored fills,
fords or bridges to accommodate the 100-year storm flow and debris in transport, and to diminate
stream diversion potentid), and the application of drainage techniques to improve dispersion of trall
surfacerunoff. Trail drainagetechniquesincudebermremovd, outdoping, trail dip congruction, and/or
the ingdlation of ditch reief culverts. The god of al treatmentsisto make thetrail as“hydrologicaly
invisible” asis possible.

Table 8. Treatment priorities for all inventoried trail-related sediment sources, Pescadero/Memorial/
Sam McDonald County Park Complex, Pescadero Creek, San Mateo County, CA.

Treatment Upgrade sites Future sediment
Priority (# and site #) Problem delivery (yds®)
. 1 1 stream crossings
High (site # 534) 67
9
High (site #: 503, 504, 506, 509, 517, 535.1, 8 stream crossings, 790
Moderate | 536, 559, 560) 1 landslide,
17

(site #: 500, 502, 519, 520, 523, 532, 537, .
16 stream crossngs,

Moderate | 545, 545.1, 549, 550, 551, 552, 553, 558, 1 other 842
562, 564)
14 13 stream crossngs
Moderate | (site #: 501, 510, 511, 515, 516, 522, 524, 1 other gs 304
Low 529, 535, 540, 541, 544, 554, 556)
15
Low (site #: 505, 508, 513, 518, 525, 526, 527, 12 stream crossngs, 103
528, 531, 533, 538, 539, 545.2, 555, 563) 3 other
Total 56 50 stream crossings, 2,193

1 landslides, 5 other
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Treatments

Basic treatment priorities and prescriptions were formulated concurrent with the identification,
description and mapping of potentid sources of trail-related sediment delivery. Table 8 and Maps 2A
and 2B outlinethetreatment priorities for dl 56 inventoried steswith future sediment delivery that have
been recommended for treatment in the PMSM-CPC assessment area.  Of the 56 sites with future
sediment delivery, 10 siteswereidentified as having ahigh or high-moderate treatment immediacy with
a potentid sediment delivery of approximately 857 yds’. Thirty-one (31) sites were listed with a
moderate or moderate-low treatment immediacy and account for 1,146 yds®of future sediment delivery.
Findly, 15 siteswere listed ashaving alow treatment immediacy with approximately 193 yds® of future
sediment delivery.

Table 9 summarizes the proposed treatments for sites inventoried on all trails in the PMSM-CPC
assessment area. The database, as wel as the fidd inventory sheets, provide details of the treatment
prescriptionsfor eachsite. Sometreat mentsrequiretheuseof heavy equipment, including an excavator,
tractor or bobcat. Hand labor isrequired at sStes needing ford, bridge, and armored fill construction, and
for applying seed and mulch following ground disturbance activities.

It is esimated that erosion prevention work will require the excavation and permanent disposa of
approximately 437 yds’ at 12 sites. A total of 31 yds® of 0.5 to 1 foot diameter mixed and clean rip-rap
sized rock will be needed to construct 5 proposed armored wet crossings and armor fill Slope (Table 9).

Table 9. Recommended treatments for all inventoried trail-related sediment sources, Pescadero/
Memorial/Sam McDonald County Park Complex, Pescadero Creek, San Mateo County, Ca. .
Treatment No. Comment Treatment No. Comment
. . N Remove debris and/or sediment
Critical dip 12 | Toprevent stream diversons ||| Clean CMP 4 from CMP inlet
. Typicalyfilldope & Install trail Install 3 horsetrail bridges and
Excavate sail 12 | crossing excavations; bridge 6 3 foot bridaes
excavate a total of 437 yds® 9 g
. Install 2 ford crossingsand 1} ) igcy Install ditch relief culvert to
Wet crossing 3 armored fill crossng using . 1 . :
. relief culvert improve surface drainage
16 yds® rip-rap
. Rock armor to protect . .
Armor fill 2 filld ope from erosion using Install trail dips | 288 Install tra I.d|ps toimprove
face . surface drainage
15 yds® rip-rap
Replace 9 Upgrade an undersized CMP ||| Remove berm 1 anove berm along 216 of trail
CMP to improve surface drainage
) Rock trail surface using 14 yd®
Trash rack 4 Install trash rack tq protect Rock trail 5 road rock at 4 trail dipsand 1
culvert from plugging surface . . o .
other” site specific location
DOWN SHoUtS 3 Installed to protect the outlet (|| No treatment 12
» filld opefrom erosion recommended
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Culverts at 9 stream crossings have been recommended to be replaced with culverts sized for the 100
year sorm, and a 6 stream crossings, we have recommended wooden foot bridges be constructed to
replacefailing culverts. We have recommended 288 trail dipsbe constructed at selected locationsalong
the trail, and at spacingsdictated by the seepness of the trail.

Equipment Needs, Labor Times and Costs

Treatments for the 56 trail sites identified with future sediment delivery in the assessment area will
require approximately 18 hours of excavator time, 50 hours of D-4 dozer time, 151 hoursof bobcat time
and 1,134 hours of labor time to complete all prescribed upgrading, erosion control and erosion
prevention work (Table 10). Excavator and dozer work has been prescribed for trail stes along
overgrown, former logging roads.

Estimated costs for erosion prevention treatments - Prescribed treatments are divided into two
components: a) sSte oecific erosion prevention work identified during the watershed inventories, and
b) control of persistent sources of trail surface erosion and associated sediment delivery to streams. The
total costs for trail-related erosion control at sites with future sediment delivery is estimated at
aoproximately $117,310 for an average cost-effectiveness value of approximately $48.90 per cubic yard
of sediment prevented from entering Pescadero Creek and its tributaries (Table 10).

Table 10. Estimated heavy equipment and labor requirements for treatment of all inventoried trail-
related sediment sources, Pescadero/Memorial/Sam McDonald County Park Complex, Pescadero
Creek, San Mateo County, California.
Treatment Site (#) Total Excavated Excavator Tractor Bobcat Labor
Immediacy Volume (yds®) (hrs) (hrs) (hrs) (hrs)
High,
High/M oderate 10 343 7 9 57 397
Moderate,
Moderate/Low 31 383 11 41 89 623
Low 15 5 0 0 5 114
Total 56 731 18 50 151 1,134
! Total excavated volume includes permanently excavated material and temporarily excavated materials used in backfilling upgraded stream crossings.

Overall site specific erosion prevention work: Equipment and labor needs for site specific erosion
prevention work at sites with future sediment delivery are expressed in the database, and summarized
in Table 11, as direct excavation and labor times, inhours, to treat al stes having ahigh, moderate, or
low treatment immediacy. These hourly estimatesinclude only the timeneeded to treat each of the sites,
and do not include travel time between work sites, timesfor basic road surface treatments that are not
associated with aspecific “site,” or the time needed for work conferencesat each site. These additional
times are accumulated as "logistics' and must be added to thework timesto determinetotal equipment
cogsasshowninTable1l. Thecostsin Table 11 are based on anumber of assumptions and estimates,
and many of these are included as footnotes to the table.
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All recommended trail treatments are basic construction techniques currently utilized by various state
and federal parks trail construction crews. Some treatment prescriptions conform to techniques
described in the “Trails Handbook” prepared by The California Department of Parks and Recreation.

Table 11. Estimated logistic requirements and costs for road-related erosion control and erosion
prevention work for all inventoried trail-related sediment sources, Pescadero/Memorial/Sam
McDonald County Park Complex, Pescadero Creek, San Mateo County, California.

Cost Estimated Project Times Total
Cost Category' Rate’ Treatment’ | Logistics’ Total Estimsated
(8/hr) (hours) (hours) (hours) Costs” ($)

Move-in; move-out® Excavator 110 3 - 3 330
(Low Boy expenses) Dozer 85 3 - 3 255

: Excavator 135 18 5 23 3,105
Heavy Equipment
requirements for site specific || Dozer 95 47 14 61 5,795
trestments Bobeat 05 124 37 161 15,295
Heavy Equipment Dozer 95 3 1 4 380
reguirements for road
drainage treatments Bobcat 95 27 8 35 3325
Laborers 35 1,142 343 1,485 51,975
Foot bridge costs (6 horse/foot trail bridges) $6,000
Culvert materials costs (20' of 18") 155
Rock Costs: (includes trucking for 13 yd®of road rock and 31 yds® of rip-rap sized rock ) 1,320
Mulch, seed and planting materialsfor 0.5 acre of disturbed ground® 275
Layout_, C%ordlnatlon, Supervision, and 75 _ _ 388 29,100
Reporting

Total Estimated Costs $117,310 |

Potential sediment savings: 2,399 yds?

Overall project cost-effectiveness: $ 48.90 spent per cubic yard saved |

*Costs for tools and miscellaneous materials have not beenincluded inthistable. Costs for administration and contracting are variable and have not been included.

2 Costs listed for heavy equipment include operator and fuel. Costslisted are estimates for favorable local private sector equipment rental and labor rates.

* Treatment times includeal | equipment hours expended on excavationsand work directly associated with erosion prevention and eroson control at all thesites.

“ Logistic times for heavy equipment (30%) include all equipment hours expended for openingaccess to sites on maintained and abandoned roads travel timefor equipment to move from site-to-
site, and conference times with equipment operators at each site to convey treatment prescriptions and strategies. Logistic times for |aborers (30%) includes estimated daily travel time to project
area

° Total estimated project costs listed areaverages based on private sector equipment rental and labor rates.

¢ Lowboy hauling for tractor and excavator, 3 hours round trip for one (1) crew to areas within the Pescadero/Memorial/Sam McDonald County Park Complex. Costs assume 2 hauls each for
two pieces of equipment (oneto movein and oneto move out).

® An additiond 8hours of labor time isadded for straw mulch and seeding activities.

° Seed costs equa $6/pound for erosion control seed. Seed costs based on 50# of erosion control seed per acre Straw costs ind ude 50 bales required per acre a $5 per bale. Sixteen hours of labor
are required per acre of strav mulching. Doesnot indude additional seed and mulch required on decommissioned road surfaces within the Water/L eke Protection Zones.

1o Supervision timeincludes detailed layout (flagging, etc) prior to equipment arrival, training of equipment operators, supervision during equipment operations, supervision of labor
work and post-project documentation and reporting). Supervision timesbased on 30% of the totd bobcat time, 30% of the labor time plus1 week prior and 1 week post project implementation
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Other treatment prescriptions conform to techniques described in“ The Handbook for Forest and Ranch
Roads” prepared by PWA.

Table 11 listsa tota of 388 hoursfor “Layout” time for detailed pre-work layout, project planning
(coordinating and securing equipment), on-site equipment operator instruction and supervision,
establishing effectiveness monitoring measures, and post-project cost effectiveness analyssand
reporting. It is expected that the project coordinator will be on-site full time at the beginning of the
project and intermittently after equipment operations and labor work have begun.

Conclusion

The expected benefit of completing the eroson control and prevention planning work lies in the
reduction of long term sediment ddlivery to Pescadero Creek, an important salmonid stream. A critical
first-step in the overall risk-reduction process is the development of a watershed analysis and
transportation plan. In developing this plan, al roads and trails in an ownership or sub-watershed are
considered for either decommissioning or upgrading, which should first depend upontherisk of eroson
and sediment delivery to streams, among other park concerns/ values. Not all roads and trails are high
risk andthose that pose alow risk of degrading aquatic habitat in the watershed may not need immediate
atention. It istherefore important to rank and prioritize roads and trails in each sub-watershed, and
within each ownership, based on their potentid to impact downstream resources, as well as their
importance to the overall transportation system and to management needs.

Trail systems are treated and assessed in much the same manner as road systems. In the PMSM-CPC
assessment area, it hasbeen shown that the trail networks have significantly less potential for erosional
Impacts on aquatic resources compared to road networks. Nearly 34.4 miles of trails could contribute
approximately 2,399 yds® of sediment to the stream network (an average of 70 yds® per mile), compared
to 33.7 miles of roads which could contribute nearly 38,716 yds’ of sediment (an average of 1,150 yds®
per mile of road), if left untreated. With this information, the focus of erosion prevention planning
projects, for the benefit of anadromous fisheries, should be on road based, treatment implementation.

Good land stewardship requirestha roadsand trails either be upgraded and maintained, or intentionally
closed (“put-to-bed’). The old practice of abandoning roads and trails, by either instaling barriers to
traffic (logs, “tank trgps’ or gates) or amply letting them naturdly revegetate, isno longer considered
acceptable. These roads and trails typicaly continue to fail and erode for decades following
abandonment. The proper word for proactive road and trail closure is “decommissioning.”

Road and trail upgrading consists of avariety of techniques employed to “eroson-proof” andto “storm-
proof” aroad or trail and prevent unnecessary future erosion and sediment delivery. Erosion-proofing
and storm-proofing typically consists of stabilizing dopesand upgrading drainage structures so that the
road or trall is capable of withstanding both annual winter rainfall and runoff, as wel as a large sorm
event without failing or delivering excessive sediment to the stream system. Mogt al theroadsand trails
inthe Pescadero/M emorial/Sam McDonald County Park Complex have been prescribed for upgrading.
The godl of upgrading isto strictly minimize the contributions of fine sediment from roads, trails and
ditchesto stream channels, aswell asto minimizetherisk of serious erosion and sediment delivery when
large magnitude, infrequent storms and floods occur.
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Appendix A.

Inventory results, erosion control and erosion prevention plan
for 5.7 miles of the Old Haul Road,
Pescadero/Memorial/Sam McDonald County Park Complex,
San Mateo County, California.
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Inventory results, erosion control and erosion
prevention plan for the 5.7 miles of the Old Haul Road,
Pescadero/Memorial/Sam McDonald County Park Complex,
San Mateo County, California.

Background

In January 2002, Pacific Watershed Associates (PWA) was contracted by San Mateo County Parks
and Recreation (SM CPR) to inventory 65 miles of roads and trails within the Pescadero/M emorid/
Sam McDonald County Park Complex. In the agreement, PWA wasto immediaely assess 5.7 miles
of the Old Haul Road located in Pescadero Creek County Park, with the remaining mileage to be
inventoriesin the Spring and Summer months. The inventoried section of the Old Haul Road begins
at the intersection with Wurr Road, extending southeasterly for 5.7 mileswhere it terminates at the
gate before Trestle Creek (Figure 1).

The initial PWA assessament of the Old Haul Road segment was requested to be used as acheck to
the County Park’ s 2001 S.B. 271 funded road drainage treatment plan (Old Haul Road Trall
Drainage Improvement Project #2). The County Park’s road drainage treatment plan was
developed by park staff to reduce sedimentation to Pescadero Creek and its tributaries through the
treatment of road drainage problems along the Old Haul Road. The S.B. 271 approved treatment
planis to be implemented in conjunction with four FEMA/County projects located aong the 5.7
miles of the Old Haul Road. The implementation schedule has yet to be determined.

The Old Haul Road is located along lower hilldopes of the mainstem of Pescadero Creek. Slopes
south of Pescadero Creek below Butano Ridge were clear-cut between 1940 and 1953 by the Santa
Cruz Lumber Company and as a reault tributaries and slopes above the Old Haul Road have been
heavily disturbed by tractor activity. The Old Haul Road was origindly built in the 1940's as a major
railroad alignment used to transport saw logs to a Santa Cruz Lumber Company mill located at
Waterman Gap in Santa Cruz County. Inorder to keep the Old Haul Road railroad alignment on
contour and at arelatively even grade, hugelog and fill structures were congructed to span major
tributariesto Pescadero Creek which crossthe adignment.

SMCPR intends to keep the Old Haul Road open and accessible for the following reasons: 1) it isthe
main access into Pescadero Creek County Park and to its network of multi-use recreationd trails, 2)
it serves as a secondary emergency route to the San Mateo County Sheriff’'s Men's Correctional
Center and to Portola Redwood Creek State Park and 3) it serves as the only maintenance and fire
road access to the northern Butano Ridge area.

The following report summarizes the results of the road erosion assessment inventory conducted by
Pacific Watershed Associates (PWA) during the week of January 14, 2002 and provides a prioritized
erosion control and erosion prevention treatment plan for the 5.7 miles of the Old Haul Road. In
addition, we have reviewed and discussed the differences between the PWA erosion prevention plan
and the prescriptions contained in the SMCPR “Old Haul Road Trail Drainage Improvement Project
#2".
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 Figure 1. Location map of the Old Haul Road Stabilization Project, Pescadero Creek County Park, Big Basin,
Franklin Point, La Honda, and Mindego Hill TI8
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Old Haul Road Assessment Inventory Results

Sites, as defined in this assessment, include locations where there is direct evidence that future
erosion or mass wasting could be expected to deliver sediment to Pescadero Creek and its
tributaries. Sites of past erosion were not inventoried unless there was a potential for additional
future sediment delivery. Similarly, sites of future erosion that were not expected to déiver sediment
to a stream channel were not included in the inventory, but their approximate locations were
recorded on the field base map.

Inventoried sites generally consisted of stream crossings, potential and existing landdides related to
the road system, gullies below ditch relief culverts and long sections of uncontrolled road and ditch
surface runoff which currently discharge to the stream system. For each identified existing or
potential source of sediment delivery, a database form was filled out and the site was mapped on a
1:12,000 scale topographic base map. The database form (Figure 2) contained questions regarding
the site location, the nature and magnitude of existing and potential eroson problems, the likelihood
of eroson or slope failure and recommended treatments to diminate the site as afuture source of
sediment delivery. Road surface drainage problems were also identified where long stretches of road
or ditch deliver fine sediment to stream channels. The “other” category of stes includes
miscellaneous erosiond features such as ditch relief culverts, gullies, swales or springs that have or
demonstrated the potential to deliver sediment to a stream channel.

A total of 45 sites with sediment delivery were identified in this assessment. These sites were
identified as having a high, high-moderate, moderate, moderate-low or low risk of future sediment
delivery to Pescadero Creek and itstributaries (Table 1). Sitesinclude 21 stream crossings, 10
landslides and 14 miscellaneous “other” sites (Map 1). Of the 45 inventoried sites, 44 have been
recommended for erosion prevention treatment. In addition, 3.8 miles (67%) of the 5.7 miles of
inventoried road currently deiver sediment and runoff to streams. Treatments have been prescribed
to “disconnect” this surface drainage. Most future erosion is expected to originate from erosion at
stream crossngs (Table 1).

Stream crossings - Of the twenty-one sream crossingsidentified in the field, twenty are
recommended for erosion control and erosion prevention treatment. The twenty crossings
recommended for treatment include 15 culverted fill crossings, 3 Humboldt (log and fill) crossings, 1
bridgeand 1 unculverted fill crossing. Totd potential future erosion and sediment delivery from
failure of the stream crossing sites inventoried on the Old Haul Road is approximeately 54,660 yds® if
erosion prevention measures are not undertaken. Of this, 39,508 yds® is estimated to ddiver from
two large log and fill crossings at site # 16 (Dark Gulch - 22,857 yds®) and site # 18 (Carriger Creek
- 16,651 yds’). These large log and fill crossings are currently exhibiting eroson in the form of
collapse structures (sink holes), fill failures and gullies. Over time if left untreated, erosion at these
gtes will involve accelerated fill collgpse and the chronic release of sediment into the stream system if
left untreated and ultimately, over the next two or more decades, the entirefill could fail delivering
large volumes of sediment to Pescadero Creek and its respective tributaries.

A significant additional problem identified from stream crossings inventoried along the Old Haul
Road arises from sream crossings with a diversion potentid. Stream diversions, which can occur

Pacific Watershed Associates - P.O. Box 4433 - Arcata, CA 95518 - (707) 839-5130

36



Pescadero/Memorial/Sam M cDonald County Park Complex Sediment Assessment, Final Report

February 2003

Figure 2. Road erosion inventory data form used in the Old Haul Road assessment, Pescadero
Creek County Park, San Mateo County, California

ASAP____ PWA ROAD INVENTORY DATA FORM (3/98 version) Check
GENERAL Site No: County Site No: Watershed: Subwatershed:
Treat (Y,N): Photo: TIR/S: Road #: Mileage:
Inspectors; Date Yearbuilt:____ Sketch (Y):
Maintained Abandoned Driveable Upgrade Decommission Maintenance
PROBLEM Stream xing Landslide (fill, cut, hill) Roadbed (bed, ditch, cut) DR-CMP Gully Other |
Location of problem Road related? (Y) Harvest history: (1=<15yrs old; 2=>15 yrs old) Geomorphic assodation: Streamside, |.G.,
Um,L,9 TC1, TC2, CC1, CC2, PT1, PT2, ASG, No Stream Channel, Swale, Headwadl, B.1.S.
LANDSLIDE Road fill Landing fill Deep-seated Cutbank Already failed Pot. failure |
Slopeshape: (convergent, divergent, planar, hummocky) Slope(%) Diganceto stream (ft)
STREAM CMP Bridge Humboldt Fill Ford | Armoredfill |
Pulled xing: (Y) % pulled Left ditch length (ft) Right ditch length (ft)
cmp dia(in) inlet (O, C, P,R) outle (O,C, P,R) bottom (O, C,P,R) Separated? |
Headwall (in) __ CMPslope (%) Stream class (1, 2, 3) Rustline (in)
% washedout D.P.2(Y) Currently dvted? (Y) Past dvted? (Y) Rd grade (%) |
Plug pot: (H, M, L) Ch grade (%) _ Ch width (ft) Ch depth (ft) ____
Sed trans(H, M, L) Dranagearea (mi2)
EROSION EP.(H,M, L) Potential for extreme erosion? (Y, N) Volumeof extreme erosion (yds®): 100-500, 500-1000, 1K-2K, >2K
Past erosion... Rd&ditch vol (yds®) Gully fillslopehillslope Fill failure volume Cutbank erosion Hilldopesslidevol. Stream bank xing failure
(yds’) (yds’) (yds’) (yds’) (yds’) erosion vol (yds’)
(yds)
Total past erosion Past delivery Total past yield Ageof past erosion
(vds) (%) (yds) (decede)
Future erosion... Total future erosion Future delivery Total future yield Futurewidth Future depth Future length
(yds) (%) (vds) m__ (Gl (Gl —
TREATMENT Immed (H,M,L) Complex (H,M,L) Mulch (ft?)
Excavate soil Criticd dip Wet crossing (ford or armored fill) (cirde) sill hae (ft) sill width (fty
Trash Rack Downspout D.S.lengh (ft) Repair CMP Clean CMP
Install culvert Replace culvert CMP diameter (in) CMPlength (ft)
Reconstruct fill Armor fill face(up, dn) Armor area (ft?) Clean or cut ditch Ditch length (ft)
Qutslope road (Y) OS and Retain ditch (Y) O.8. (1) Inslope road LS. (ft) Rolling dip RD.(#) __
Remove berm Remove berm (ft) Remove ditch Remove ditch (ft) Rock road - ft
Install DR-CMP DR-CMP (#) Check CMPsize? (Y) Other tmt? (Y) No tmt. ()
COMMENT ON PROBLEM:
EXCAVATION VOLUME Total excavated (yds®) Vol putbackin(yds’) ___ Volumeremoved (yds’)
Vol gockpiled (yds’) Vol endhauled (yds’) Dist endhauled (ft) Excav prod rete (yds/hr)
EQUIPMENT Excavator Dozer Dump truck Grader Loader Badkhoe Labor Other
HOURS (hrs) (hrs) (hrs) (hrs) (hrs) (hrs) (hrs) (hrs)

COMMENT ON TREATMENT:
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Map 1. Road-related sites with future sediment delvivery, Old Haul Road Stabilization Project,

Pescadero Creek County Park, Big Basin, Franklin Point, La Honda, and Mindego Hill UVSGS 7.5
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when culverts are plugged, can cause substantia eroson and sediment delivery from newly
developed gullies. Of the 20 crossings recommended for treatment, 9 have adiversion potentid and
three are currently diverted. Treatment for stream diversions is straight-forward and requires
instaling a“criticd dip” at the down-road hinge line of the sream crossng to direct flow back into
its natural drainage.

Table 1. Site classification and potential sediment delivery from all inventoried sites along 5.7 miles of
the Old Haul Road, Memorial County Park, Pescadero Creek, San Mateo County, California.
Sites recommended for treatment
Number | Number of
. of sites Stesor Stream Streams | Stream culvertslikely
Site Type orroad | road miles Ft:gljge crossingsw/ a | currently | to plug (plug potential
miles to treat (y ds) diverson diverted rating = high or
Y potential (#) # moderate) (#)
Stream 21 20 54,660" 9 3 5
crossngs
Landslides 10 10 2,099 -- -- --
Other 14 14 199 -- -- --
Total
»n

(all sites) 7 44 56,958 9 3 5
Persistent
surface 3.80 3.79 10,368 - - -
erosion?
Totals 45 44 67,326 9 3 5
' Two large log and fill crossings are expected to yield 39,508 yds ® (72%) of the future yield from stream crossings recommended for treatment.
? Assumes average 35' wide road prism and cutbank contributing area, and 0.4' of road/cutbank surface lowering over 2 decades.

Significant erosion can also occur from undersized culverts and poor culvert ingallation. Undersized
culverts are too small for the 100-year design storm flow, are often prone to plugging and this can
cause flow to overtop the road and erode of the stream crossing fill. Alternatively, flow can be
diverted down the road to create hillslope gullies. Of the 15 culverted stream crossngs, 11 were
undersized for the 100-year design storm flow based on drainage calulaions and 5 were classified as
having a moderate to high plug potential. Erosion can also occur as aresult of poorly installed
culverts which cause serious gully erosion below the outlet.

Landslides - Only those road-related landdide sites with a potential for future sediment delivery to a
stream channel were inventoried. The term “road-related” impliesthat the road appearsto have
played (or is playing) arole in causng or accelerating landdide movement and sediment delivery to
stream channels. There are afew past and potential deep seated rotational or translational landslides
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aong the 5.7 miles of the Old Haul Road that may have been initiated by the Old Haul Road or old
abandoned roads located above or below the Old Haul Road alignment.  Although the road may have
been a*“causative’ factor intheir initiation or continued movement, there is often very little that can
be done to treat this deep seated process. For this reason, some of the larger features were not
inventoried and prescribed for treatment. Monitoring and maintaining areas where deep seated
landdides affect roads and de-watering the road system is often the most cost-effective treatment for
these sites. At one site (site #15.5), road surface drainage treatments have been prescribed to de-
water alandslide and the gullies that traverseit. Locations of deep seated landslides and other road-
related landslides that did not or will not deliver sediment to a stream were mapped in the field on the
1:12,000 topographic base map.

Intotal, ten (10) potentia debris landdides with potentiad sediment delivery were identified along the
Old Haul Road (Map 1). These fillslope failures are expected to deliver approximately 2,099 yd® of
sediment to Pescadero Creek and its tributaries in the future (Table 1). Potentid landslide Stes were
found along roads where materia had been sidecast during earlier construction and now show signs
of ingtability. Correcting or preventing potentia landdides associated with the road isrelatively
straightforward, and involves the physical excavation of potentially unstable road fill and sidecast
materials.

“Other’’sites - A tota of 14 “other” steswere aso identified along the inventoried section of the
Old Haul Road (Table 1 and Map 1). “Other” sites include ditch relief culverts and road surface
drainage problems which exhibited the potential to ddiver sediment to Pescadero Creek and/or its
tributaries. The main cause of existing or future erosion at these sitesis surface runoff and
uncontrolled flow from long sections of undrained road surface and/or inboard ditch. Uncontrolled
flow along the road or ditch may affect the road bed integrity as well as cause gully erosion on the
hillslopes below the outlet of ditch relief culverts. We estimate 199 yds® of sediment will be
delivered to streams from the 14 “other” specific sites inventoried if they are left untreated (Table 1).
Sediment delivery from these sites represents less than 1% of the total potential sediment yield from
sites recommended for eroson control and erosion prevention treatment.

Chronic erosion - Road runoff isalso a major source of fine sediment input to nearby stream
channels. We measured approximately 3.80 miles of road surface and/or road ditch (representing
67% of thetota inventoried road mileage) which currently drain directly to stream channels and
deliver ditch flow, road runoff and fine sediment to stream channels along the Old Haul Road (Table
1). Theseroads are said to be “hydrologically connected” to the stream channel network. Of the
3.80 miles of “hydrologicaly connected” roads, 3.79 miles of road have been recommended for
erosion control and erosion prevention treatment.

From the 3.79 miles of “connected” road segments recommended for treatment, we calculated over
10,368 yds® of sediment could be delivered to stream channels in the Pescadero Creek watershed
over the next two decades, depending on road use, if no efforts are made to change road drainage
patterns. * This will occur through a combination of 1) cutbank erosion (dry ravel, rainfall, freeze-

' The applied, average rate of surfacelowering on cutbanks and along road beds (i.e. 0.2 feet/decade) is
based on observed retreat or erosion rates in the Pescadero Creek watershed, and on un-published data from
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thaw processes, cutbank failures and brushing/grading practices) delivering sediment to the ditch, 2)
inboard ditch erosion and sediment transport, 3) mechanica pulverizing and wearing down of the
road surface, and 4) erosion of the road surface during wet weather periods.

Rdatively straight-forward eroson prevention treatments can be applied to upgrade road systems to
prevent fine sediment from entering stream channels. These treatments generally involve dispersing
road runoff and disconnecting road surface and ditch drainage from the natural sream channd
network.

Treatment Priority

Table 2 and Map 2 outline the treatment immediacy (priority) assigned to each of the 44 inventoried
sites with potentid for future sediment delivery along the Old Haul Road. Altogether, 5 sites were
identified as having ahigh or high-moderate treatment immediacy with a potential sediment delivery
of approximately 31,000 yds®’. Thirty-two steswere listed with amoderate or moderate - low
treatment immediacy with the potentid for delivering approximately 32,600 yds®. Finally, seven sites
were listed with a low treatment immediacy and these account for over 3,700 yds® of future sediment

delivery.

Table 2. Treatment priorities for inventoried future sediment sources along 5.7 miles of the Old Haul
Road, Memorial County Park, Pescadero Creek, San Mateo County, California.
Treatment Upgrade sites Future sediment
Priority (# and site #) Problem delivery (yds®)
. 1 .
High (site # 110) 1 stream crossing 1,931
Moderate 4 .
High (site # 14, 16, 102, 121) 4 stream crossings 29,070
18 8 stream crossin
Modaate | (S1€%4,7,9,10, 13, 15, 155, 17, 18, 103, ihutbhh gs o7 005
107, 109, 114, 117, 118, 120, 122, 124) . SiIges, '
3 ditch relief culverts
14 3 stream crossings,
Moderate (site#: 2,5, 6, 8,11, 12, 104, 106, 108, 111, 2 landslides, 4668
Low 113, 116, 119, 125) 7 ditch relief culverts, '
2 other
7 4 stream crossings,
Low (site#: 1, 3,100, 101, 112, 115, 123) 1 landdlide, 3,732
2 other
20 stream crossings,
Total 44 10 landslides, 67,326
14 other

sedi ment budget studies on similar geologiesin the Redwood Creek water shed, Humboldt County (Redwood
National Park, unpublished data).
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Map 2. Treatment immediacy for road-related sites, Old Haul Road Stabilization Project, Pescadero
Creek County Park, Big Basin, Franklin Point, La Honda, and Mindego Hill USGS 7.5° quadrangles,
Sam Mateo County, California
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Treatments

Table 3 lists the site specific treatments for all inventoried sites recommended for erosion prevention
work along 5.7 miles of the Old Haul Road. Each site has an individua data form which outlines the
problem and describes in detail the recommended treatment and the estimated heavy equipment and
labor requirements that has been prescribed. Recommended erosion prevention work involves
upgrading at site locations that have future sediment delivery and/or need for road surface drainage
improvements. Upgrading typicaly consists of properly instaling new culverts designed to

accommodate the 100-year return interval peak storm flow and debris which will be in transport.
Upgrading aso includesimproving the road drainage by utilizing different road surface treatments
such asinstalling frequent rolling dips, additional ditch relief culverts and/or reshaping the road

surface.

It is estimated that erosion prevention work will require the excavation of just over 14,830 yds® at 25
stream crossing sites. Approximately 80% of the volume excavated is associated with upgrading

Table 3. Recommended treatments along 5.7 miles of the Old Haul Road, Memorial County Park,
Pescadero Creek, San Mateo County, California.
Treatment No. Comment Treatment No. Comment
Critical dip 5 T'o prqvent stream Flared inlet 3 Install flared_l nlet to increase
diversons culvert capacity
Install CMP 3 InstaIIaCMF_’atan Inslope road 3 _Inslope740feetofroadt_o
unculverted fill improve road surface drainage
Upgrade an undersized Ingall rolling Ingtall rolling dipsto improve
Replace CMP 14 CMP dips 59 road drainage
Typicaly fillslope &
Excavate sail o5 | Crossing excavati ons, Remove berm 4 Remove 1,325 feet of berm to
permanent excavation of improve road surface drainage
14,832 yds®
o soouts | 3 Lﬁ:’t'ﬁ;"opm]ffg:;he Ingtall ditch 16 | Install ditch relief culverts to
h : pe relief CMP improve road surface drainage
erosion
Remove debris and/or . ,
Clean CMP 1 sediment from CMP inlet Clean/cut ditch 1 Clean/cut 140 feet of ditch
Rock road surface using 1,109
Rock armor to protect yds’ road rock at 59 rolling
Armor fill 4 outboard filId ope from Rock road 93 dips, 17 stream crossing cul vert
face erosion using 116 yds® of surface installations, 16 ditch relief
rock culvert installations and 1 ste
specific location
Install trash rack at
Trash rack 5 culvertinlet to prevent No treatment 1
. recommended
plugging
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stream crossings and nearly 20% of the volume is proposed for excavating potentially unstable road
fills (landslides). Other miscdlaneous treatments for inventoried stes on the Old Haul Road will
include instdlation of downspoutsto prevent culvert outlet eroson, instdlation of flared inletsto
increase the culvert capacity to carry water and debris, ingallation of trash racks upstream of culvert
inlets to prevent plugging by woody debris, a variety of road surface drainage treatments (such as
rolling dips and berm removal) and the installation of additional ditch relief culverts to disperse
runoff and lessen fine sediment delivery from the road surface during wet winter months. Road
surface rock will be applied at the specific locations including proposed rolling dips, ditch relief
culvert installations, stream crossing culvert installations and other site specific locations. Re-
rocking the entire road surface after treatment implementation is not included in this plan.

Equipment needs

Table 4 lists the expected heavy equipment and labor requirements according to treatment
immediacy, to treat adl the inventoried sites, aswell as providing for improved road drainage aong
the 3.79 miles of contributing road bed and ditch of the Old Haul Road. Treatments for the 44 sites
with potentid sediment delivery will require approximately 1,830 hours of excavator and 1,840 hours
of tractor time to complete all prescribed upgrading, erosion control and erosion prevention work
(Tabled). Approximately 2,573 dump truck hours are needed for endhauling excess spoil. Dump
truck timesfor road rocking following construction of rolling dips, instdlation of ditch relief culverts
and stream crossing culvert ingallations are included with rock costs. Approximately 260 hours of
labor is necessary for installing new culverts and other miscellaneoustasks. The remaining
equipment hours apply to implementing the prescribed road surface drainage and resurfacing

treat ments.

Table 4. Estimated heavy equipment and labor requirements for treatment of all inventoried sites along 5.7
miles of the Old Haul Road, Memorial County Park, Pescadero Creek, San Mateo County, California.
Total Dum
Treatment Site Excavated Excavator Tractor Truckl: Compactor Labor
Immediacy #) Volume (hrs) (hrs) (hrs) (hrs)
3 (hrs)
(yds?)
High, 5 | 37082 866 879 1321 149 85
High/Moderate ' '
Moderate,
L ow/Moderate 32 34,666 856 857 1,480 144 116
Low 7 2,934 108 104 24 10 58
Total 44 74,682 1,830 1,840 2,573 303 259
* Total excavated volumeindudes permanently excavated material and temporarily excavated material s used in backfilling upgraded stream
crossings.

Labor intensive needs
Many potential work sites will need mulching, seeding and/or tree planting following re-construction
activities. These include fillslopes at stream crossings where new culverts are to be installed, at
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fillslope excavation sites, aswell as a all spoil disposa areas. Codts have been included for 80 hours
of labor to seed and mulch approximately 5 acres of ground following heavy equipment work along
the 5.7 miles of the Old Haul Road. Weed-free sraw mulch will be applied at 4,000 pounds/acre.

Cost estimate for inventoried sites along 5.7 miles of the Old Haul Road in the
Pescadero/Memorial/Sam McDonald County Park Complex

Table 5 summarizes the necessary costs by equipment types, for treating the 44 dtes with future
sediment delivery. The estimate includes costs for seed and mulch, new culverts, downspouts, flared
inlets, trash racks as well as rock necessary for rip rap and road surfacing at proposed rolling dips,
ditch relief culverts, stream crossng culvert installations and other specific locations. Hours
represent direct equipment times and do not include travel time between work sites, additional costs
for unseen complications or the time needed for conferences with equipment operators. These
additional times are accounted for as “logistics’ and are added to the tota equipment hours to
determine the total project cost (Tables 5).

Total costs for the project are estimated at approximately $1,147,000 to treat the 44 sites
inventoried. Of the $1,147,182 necessary to treat the 44 sites on the Old Haul Road, approximately
63% of the costs are associated with treating the 2 large log and fill Sream crossing sites (site #16 =
$360,983, site #18=- $361,403).

The average cost effectiveness value of the project is $ 17.03 per cubic yard of sediment prevented
from entering Pescadero Creek and its tributaries. According to current CFG& G guidelines for
funding upland erosion control and prevention projects, the generally accepted standard isthat
projects cost between $7 to $15/yd® saved from entering astream. We believe this standard should
be increased to $10 to $20/yd® saved for the San Francisco Bay Area counties for several reasons.

The cost-effectiveness values of $7 to $15/yds®, or less, was developed by the CDF&G in 1996
based on cog estimates to treat and up-grade road erosion sites along roads in the northern
California counties of Humboldt, Trinity, Del Norte and Mendocino. Severd factorsindicate that in
the San Francisco Bay Area counties, a more appropriate cost-effectiveness value should be between
$10to $20/yd® saved or prevented from entering a stream channel. The acceptability of the
proposed revision in cost-effectiveness values is based on the following considerations. 1) numerous
road assessments PWA has performed over the last 5 yearsin the greater Bay Area from Sonoma to
Monterey Counties, where the cost-effectiveness values frequently exceed $15/yd® saved, 2) heavy
equipment rental rates in the Bay Area counties on average, exceed the north coast counties by 25%
to 50%, 3) the cost-effectiveness values established by CDF& G over 6 years ago have not been
adjusted for cost-of-living rate changes, whether based on inflation or the higher cost of living in the
greater Bay Area, and 4) the vast majority of upland road projects in the Bay Area counties are
conducted a prevailing wage rates compared to owner-operaor rates charged on Smilar projectsin
the north coast counties.

Costsin Table 5 assume that the work in the watershed will be accomplished during two summer
work periods using two equipment teams. The cost estimate includes layout, coordination,
monitoring and reporting hours for a PWA professional to work with equipment operators to insure
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the plan is cost effectively implemented, as proposed, and treatments are installed or constructed
properly and according to specifications.

Finally, the costs in Table 5 are based on a number of assumptions and estimates. The costs
provided are reasonable if work is performed by outside contractors, with no added overhead for
contract administration, and pre- and post-project surveying. Movement of equipment to and from
the ste will require the use of low-boy trucks. The treatmentslisted in this plan range from relatively
simple to very complex, as in the case of the 2 log and fill stream crossing sites (site # 16 and Ste #
18) . Therefore, it would be advisable to contract equipment operators experienced in road
upgrading operations on steep forest lands. The use of inexperienced operators would require
additional technical oversight and supervision in the field and result in a decrease in equipment
production rates and increased overall costs. We would be happy to provide you alist of qualified
contractors. All recommended treatments conform to guidelines described in “The Handbook for
Forest and Ranch Roads’ prepared by PWA (1994) for the California Department of Forestry and
Fire Protection, the Natural Resources Conservation Service and the Mendocino County Resource
Conservation District.

Recommendations

According to SMCPR, the 1998 winter storms caused approximately 17,370 yds’ of erosion and
sediment delivery to Pescadero Creek and its tributaries from four sites located along the Old Haul
Road. The four stesindudetwo landdides and two large log and fill stream crossings. All four of
these sites have been recommended for treatment using FEMA/County funds. Since the four
FEMA/County Stes are separately funded projects, the SMCPR prepared the “Old Haul Road Trall
Drainage Improvement Plan# 2". The drainage improvement plan does not include the four
FEMA/County sites and ingead addresses the remainder of the Old Haul Road. Our erosion control
and erosion prevention plan involves assessment of the entire road and includes treatments for the
four FEMA/County sites.

SMCPR recommended treatments for the two FEMA/County log-and-fill stream crossings involves
excavating down to logs and woody debris (agpproximatey two-thirds of stream crossing fillswould
be excavated), emplacement of geo-fabrics and installation of larger culverts. It was planned to leave
the underlying logs, woody debris and fill in the stream crossngs The same processes that are
causing failure of the two log and fill crossings today will, over time occur again. The logs and
woody debriswill continueto decay. Thiswill ultimately result in the failure of the stream crossing
fills. For example, PWA site #121 is a dream crossing that had recently been partially excavated
down to logs and woody debris with a culvert placed ontop. A channel was cut through crib logs
located below the outboard edge of the road. Currently, the crossing isbeginning to fail by sream
flow gullying through logs deep in the fill and stream bank failures located just downstream of the
culvert outlet. Asan alternative, we have recommended fully excavating the stream crossings,
removing all logs, fill and debris, and installing culverts sized for the 100-year storm event at the base
of the fill and in the natural channd.

Both the PWA erosion prevention plan and the SM CPR road drainage improvement project aim to
reduce future sedimentation to Pescadero Creek and itstributaries. The main difference between the
assessments is that the PWA assessment and treatment plan identified and prioritized all sources of
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eroson that have the potentid to deliver sediment to Pescadero Creek and itstributaries. This
includes al potential landslides, stream crossings, road drainage problems and other miscellaneous
stesthat have the potentia for sediment delivery, aswell as chronic road surface erosion and
delivery. To ensure along term erosion control and erosion prevertion planit is important to
identify problems and prioritize treatments for all sites with future sediment delivery. The SMCPR
road drainage plan identified locations of all stream crossings, but only recommended larger culverts
at 4 small sream crossings. Excluding the FEMA/County sites, the PWA assessment recommends
upgrading 15 stream crossings with culverts sized for the 100-year design storm flow. We suggest
that first treating all the gream crossing sites and the associated length of road draining to each
stream crossng, will result in significantly higher “sediment savings’ and protection of water quality

(Table 1).
Table 5. Estimated logistic requirements and costs for road-related erosion control and erosion prevention
work on all inventoried sites with future sediment delivery along 5.7 miles of the Old Haul Road, Memorial
County Park, Pescadero Creek, San Mateo County, California.
Cost Estimated Project Times Total
Cost Category' Rate’ Treatment’ Logistics® Total Estimsated
($/hr) (hours) (hours) (hours) Costs™ (3)
Excavator 100 6 -- 6 600
(Low Boy expenses) || D-6 tractor 85 6 - 6 510
Compactor 85 6 -- 6 510
Excavator 135 1,830 535 2,317 312,795
D-8 tractor 125 1,144 343 1,487 185,875
Heavy Equipment D-6 tractor 95 635 191 826 78,470
requirements for site
spedific treatments Dump Truck 65 2,573 772 3,345 217,425
Compactor 100 303 91 394 39,400
Water truck’ 90 1,000 300 1,300 117,000
Excavator 135 48 14 62 8,370
Heavy Equipment D-6 tractor 95 61 18 79 7,505
requirements for road
Roller® 75 10 3 13 975
Laborers® 35 339 102 441 15,435
Rock Costs: (includes trucking for 1,109 yds®of road rock and 116 yds® of rip-rap sized rock ) 24,500
Culvert materials costs (600" of 18', 300 of 24", 180" of 36", 150" of 48", 60" of 54", 500" of 60" 77 452
and 620" of 72". Costs included for couplers) ’
Mulch, seed and planting materials for 5 acres of disturbed ground™ 2,750
Layout, Co_ordiznanon, Supervision, 65 _ _ 794 51,610
and Reporting
| Total Estimated Costs $1,147,182
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Potential sediment savings: 67,326 yds®

Overall project cost-effectiveness: $17.03 spent per cubic yard saved

Costs for tools and miscellaneous material s have not been included in thistable. Costsfor administration and contracting are variable and have not been included.

2 Costs listed for heavy equipment include operator and fuel. Costs listed are estimates for favorable local private sector equipment rental and labor rates.

® Treatment times include all equipment hours expended on excavations and work directly associated with erosion prevention and erosion control at al the sites.

“ Logistic times for heavy equipment (30%) include all equipment hours expended for opening access to sites on maintained and abandoned roads, travel time for
equipment to move from site-to-site, and conference times with equipment operators a each site to convey treatment prescriptions and strategies. Logistic times for
laborers (30%) includes estimated daily travel time to project area.

® Total estimated project costs listed are averages based on private sector equipment rental and |abor rates.

© Lowboy hauling for tractor and excavator, 3 hours round trip for two (2) crews to the Old Haul Road within the Pescadero Creek watershed. Costsassume 2 hauls each
for two pieces of equipment (one to move in and one to move out).

71,000 hours of water truck time added for compaction of stream crossing fills.
846 hours of grader times added to grade the 5.7 miles of the Old Haul Road after treatment implementation.
910 roller hours added to surface road rock & stream crossing culvert installations, ditch relief culvert instalations and rolling dips.

10 An additiona 80 hours of labor time is added for straw mulch and seeding activities.

1 Seed costs equa $6/pound for erosion control seed. Seed costs based on 50# of erosion control seed per acre. Straw costs include 50 bales required per acre a $5 per
bale. Sixteen hours of labor are required per acre of strav mulching. Does not include additional seed and mulch required on decommissioned road surfaces within the
Water/L ake Protection Zones.

12 supervision time includes detailed layout (flagging, etc) prior to equipment arrival, training of equipment operators, supervision during equipment operations,
supervision of labor work and post-project documentation and reporting). Supervision times based on 30% of the total excavator time plus 1 week prior and 1 week post
project implementation.

The SMCPR road drainage plan proposesto reduce road surface erosion and fine sediment delivery
by the ingallation and replacement of ditch reief culverts and grading and rocking aong the entire
Old Haul Road alignment. SMCPR plans on installing 23 new ditch relief culverts and replacing 20
existing ditch rdief culverts to treat road drainage along the entire 5.7 miles of the Old Haul Road.
Currently, only two-thirds of the Old Haul Road persistently delivers fine sediment to streams, so
treatments along the remaining one-third of the road provide no water quality benefits. The PWA
eroson prevention plan dso suggests instaling more frequent road drainage treatments but only
along reaches of the road that persistently deliver fine sediment to streams. PWA recommended
road drainage treatments include frequent rolling dips (n=59), instalation of new ditch relief culverts
where rolling dips are ingppropriate (n=12) and replacement of existing ditch relief culverts (n=4).
De-watering the road system at frequent locations along the road aignment will help prevent fine
sediment from delivering to Pescadero Creek and its tributaries and preserve the integrity of the road
bed surface.

The PWA erosion prevention plan does not propose rocking the entire road surface after treatment
implementation. Road rock is recommended Ste specific locations including sream crossing culvert
installations and replacements, ditch relief culvert installations and replacements, proposed rolling
dips and other site specific locations. It isour belief that the entire road surface does not need to be
rocked if the road has been sufficiently de-watered through road surface treatments such as
outsloping, indoping, ditch reief culverts and/or rolling dips.

Potentia “sediment savings’ and treatment “cost effectiveness’ are considered in creating a sound
erosion control and erosion prevertion plan. Sediment savings refers to the amount of sediment that
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could be prevented from entering the stream system if eroson control and erosion prevention
measures are implemented. Cost-effectiveness is defined as the average amount of money spent to
prevent one cubic yard of sediment from entering or being delivered to the stream system and ideadly
should be less than $15 per cubic yard. According to our assessment of the Old Haul Road, the total
sediment savings is estimated to be approximately 67,326 yds® (includes both site specific and
chronic road surface erosion, Table 1) for a cost-effectiveness of about $17 per cubic yard “ saved”
(Table5) to treat Al sites with potentid future sediment delivery. The cost-effectiveness value is
glightly high for this plan due to the recommended treatments at the 2 large log and fill crossings
(PWA dte#16 and Stet#18). However, as stated earlier, based on the substantialy higher cost-of-
living for the Bay Area counties, we believe the acceptable range for funding cost-effective upland
projects should be between $10 to $20/yd® saved from entering stream channels.

The SMCPR drainage plan estimates that up to 1,873 yds® of sediment could be delivered to
Pescadero Creek and itstributaries in the future if not treated. The estimate of future erosion and
sediment delivery isbased on a 10-12% loss of the road surface caused by “undersized or collgpsed
culverts, insufficient ditch volume, rutting and washouts, water sheeting over unstable edgefill, and
lack of compaction and rock on the travel surface”. According to the SM CPR road drainage plan,
recommended treatments would cost $578,713 for an average “ cost effectiveness’ of gpproximatey
$310 per cubic yard “saved”. High costs associated with the SMICPR drainage plan result from the
proposed application of costly treat ments.

For example, dl proposed ditch relief culverts are desgned with concrete aprons a inlets and gabion
baskets a outlets for energy dissipation. Inlet protection and outlet energy dissipation should not be
necessary if the road is 1) de-watered frequently by goplying road surface treatments such as road-
shaping and/or rolling dips and ditch relief culverts dong reachesthat persistently deliver sediment to
streams, and 2) ingtalling ditch relief culverts at steeper angles so they discharge at the base of the
fill. Furthermore, costs could be further reduced if road rock was applied at site specific locations
(such as proposed rolling dips, ditch relief culverts and stream crossing culvert upgrades) ingead of
along the entire length of the Old Haul Road since only two-thirds of the road contributes fine
sediment to streams.

We recommend discussing the PWA proposed prioritization and treatment plan with the California
Department of Fish and Game in order to revise the emphasis of the SMCPR road drainage plan
towards achievement of maximum sediment savings and reduction of erosion along the Old Haul
Road. We would be happy to assist you with these discussions. It islikely that if FEMA funds are
gpplied to the four FEMA work sites, the existing California Department of Fish and Game
restoration grant monies, together with county matching funds would be sufficient to complete the
proposed erosion control and erosion prevention work on al but the lowest priority stes that we
have identified.

It isimperative that experienced contractors familiar with excavating large, complex log and debris
filled stream crossings be used to complete the projects. As can be seen with the recent repair of site
#121, successfully recongtructing a stable stream crossing will require the complete removal of dl
organic material which has been incorporated in the crossing.
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Thank you for the opportunity to assist you in prioritizing erodon control and erosion prevention
effortsthat will provide for the maximum protection of water quality and fish habitat in the
Pescadero Creek watershed. We look forward to completing the assessment of the remaining roads
throughout parklands in the watershed. We believe shifting the emphasis of the Old Haul Road
eroson control and eroson prevention effort can be easly accomplished. Moniesthat were formerly
ear-marked for extensive use of labor and materials to construct secondary erosion control measures
can be used to repair additiond stream crossings, excavate potential landdides and provide for
significant reduction of fine sediment originating from the road bed.
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Appendix B

Typical Construction Drawings
for Road Up-Grading and Road Decommissioning
Projects

Pacific Watershed Associates - P.O. Box 4433 - Arcata, CA 95518 - (707) 839-5130

51



Pescadero/Memorial/Sam M cDonald County Park Complex Sediment Assessment, Final Report February 2003

Using road shape to control road runoff

Insloping

Retain ditch .
Berm optional

Inslope 4%

_______________ Horizontal
reference

Outsloping
No Ditch
__________ - — — ~Horizontal reference
——— "%
Outslope 2%
retain ditch Crowning
no berm
_____________ //__ - - horizontal

reference

Outsloping pitch for roads up to 8% grade
Foad grede e e P
4%, or less 3/8" per foot 1/2" per foot
5% 1/2" per foot 5/8" per foot
6% 5/8" per foot 3/4" per foot
7% 3/4" per foot 7/8" per foot
8%, or more 1" per foot 1 1/4 per foot
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Dispersing road surface runoff

Waterbars
(seasonal roads)

driveable % % %

e

Cross-road drain and decompaction
(decommissioned roads)

Rolling dip spacing dependent on road grade,
soil erodibility, and proximity to stream.
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Road surface drainage by rolling dips

Rolling dip

Reverse grade

Rolling dip installation:

1) Rolling dips are installed in the road bed as needed to drain the road surface.

2) Rolling dips can be sloped either into the ditch or to the outside of the road edge as
required to properly drain the road and disperse surface runoff.

3) Rolling dips are usually built directly across the road alignment with a cross grade
of at least 1 percent greater than the grade of the road.

4) Excavation for the dips can be done with a medium size bulldozer (D-7 size) with rippers.

5) Excavation of the dips begins 50 to 100 feet up-road from where the axis of the dip
is planned per guidelines established in the rolling dip dimensions table.

6) Material will be progressively excavated from the road bed, steepening the grade
until the axis is reached.

7) The depth of the dip is determined by the grade of the road (see table).

8) On the down-road side of the rolling dip axis, a grade change should be installed to
prevent runoff from continuing down the road (see figure).

9) The rise in grade should be carried for about 10-20 feet and then fall to the original slope.

10) The transition from axis to bottom, through rising grade to falling grade should be in a
road-distance of at least 15 to 30 feet.

Table of rolling dip dimensions
Road| Upslope approach | Reverse grade| Depth below average Depth below average
rade {distance from up-road start | (Distance from | road grade at discharge | road grade at upslope
9 of rolling dip to trough) (ft) | trough to crest) | end of trough. (ft) end of trough. (ft)
<6 55 15-20 0.9 0.3
8 65 15-20 1.0 0.2
10 75 15-20 1.1 .01
12 85 20-25 1.2 .01
>12 100 20-25 1.3 .01
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Typical ditch relief culvert installation

Ditch relief culvert

Best

Ditch relief culvert installation

1) The same basic steps followed for stream crossing intallation should be employed.

2) Culverts should be installed at a 30 degree angle to the ditch to lessen the chance
of inlet erosion and plugging.

3) Culverts should be seated on the natural slope or at a minimum depth of 5 feet at the
outside edge of the road, whichever is less.

4) At a minimum culverts should be installed at a slope of 2 to 4 percent steeper than
the approaching ditch grade, or at least 5 inches for every 10 feet of length.

5) Backfill should be compacted alongside and over the top of the culvert.

6) Culvert outlets should extend beyond the base of the road fill (or a flume downspout
should be used to carry flow beyond the fill).
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Typical Schematic

Components of an upgraded stream crossing

Common problems

A - Diversion potential

B - Road surface and
ditch flows drain
to stream

C - Undersized culvert
high in fill with
outlet erosion

General Standards

A - Road surface and
ditch "disconnected"
from stream

B- No diversion
potential

C- 100 year culvert
set at base of fill
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Typical design of non-fish bearing culverted stream crossings

Existing

Road tread

Culvert

Road fill

Culvert not placed at channel grade
Culvert outlet does not extend past base of road fill

Excavation in preparation for
upgrading culverted stream crossing

Road tread

E ion to ~/ 1:N

original stream bed

Upgraded

Culvert not placed at channet grade
Downspout added to extend outlet past road fill

Upgraded (preferred design option )

Downspout

Culvert placed at channel grade
Culvert inlet and outlet resting on or
partially in the original stream bed

Upgraded stream crossing
culvert installation

Critical dip axis over

M N
Road tread lown road hingeline

T C‘
— “*— Hingeline

] CulVert prmnze

Backfill compacted in

Rock free soil or gravel 5o 1 foot lifts

Typical installation of non-fish bearing culverted stream crossings

Road upgrading tasks typically include upgrading stream crossings by installing
larger culverts and inlet protection (trash barriers) to prevent piugging. Culvert
sizing for the 100-year flood flow should be determined by both field observation
and calculations using a procedure such as the Rational Formula.

Stream crossing culvert installation:

1) Culverts should be aligned with natural stream channels to ensure proper function,
prevent bank erosion and debris plugging problems.

2) Culverts shouid be placed at the base of the fill and at the grade of the original

streambed or downspouted past the base of the fill where ever possible.

3) Culverts should be set slightly below the original stream grade so that the water

drops saveral inches as it enters the pipe.

4) Culvert beds should be composed of rock free soil or gravel, evenly distributed
under the length of the pipe.

5) To allow for sagging after burial, an upward camber should be between 1.5 to 3
inches per 10 feet culvert pipe length.

8) Backfill material should be frae of rocks, limbs or other debris that could dent or
puncture the pipe or allow water to seep around pipe.

7) One end of the culvert pipe should be covered then the other end. Once the ends

have been secured, the center will be covered.

8) Backfill material should be tamped and compacted throughout the entire process.
-Base and side wall material will be compacted before the pipe is placed in its bed.
-Backfill compacting will be done in 0.5 - 1 ft lifts untill 1/3 of the diameter of the

culvert has been covered. A gas powered tamper should be used for this work.

9) Inlets and outlets should be armored with rock or mulched and seeded with grass
as needed. Routine armoring is generally not needed.

10) Trash protectors should be installed just upstream from the culvert inlet where
there is a hazard of floating debris plugging the culvert.

11} Layers of fili will be pushed over the crossing until the final, design road grade is

achieved, at a minimum of 1/3 o 1/2 the culvert diameter.

Erosion control measures for culvert replacement:

Both mechanical and vegetative measures can be employed to

minimize accelerated erosion from stream crossing and ditch relief

culvert upgrading. Erosion control measures that are implemented

will be evaluated on a site by site basis. Erosion control measures

that can be employed may include, but are not limited to:

1) Minimizing soil exposure by limiting excavation areas and heavy
equipment disturbance.

2) Installing filter windrows of slash at the base of the road fill to minimize
the movement of eroded soif to downslope areas and stream channels.

3} Inslope the road prism to minimize fill siope erosion by road runoff.

4) Bare stopes created by construction operations will be protected until
vegetation can stabilize the surface. Surface erosion on exposed cuts and
fills will be minimized by mulching, seeding, planting, compacting, armoring
and/or benching prior to the first fall rains.

5) Extra or unusable soil will be stored in long term spoils disposal locations
that are not limited by factors such as excessive moisture, steep slopes,
archeology potential, listed species or proximity to a watercoarse.

6) On running streams, water will be pumped or diverted past the crossing
and into the down stream channel during the construction process.

7) Straw bales and/or silt fencing will be employed where neccessary to
control runoff and sediment delivery within the construction zons.
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Ford and armored fill stream crossings

j

erosion resistant running
surface armored to 100
year flood level

"\ coarse non-transportable rock.—

coarse rock at base

Armored fill

rolling dip_, ™

Al
erosion resistant running
surface armored to 100

I i year flood level____
\
™~
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Typical armored fill crossing installation

~

tolling dip

Cross section parallel to watercourse

Fine grained surface-
coarse on running surface

Armor placed on the outboard

Haizontal datum

Road outsloped 2-4%
depending on road grade

edge of the fill to at least 1 foot depth
or double the specified rock diameter

Keyway cut into original ground .
to support armor from base -—

February 2003

Waven geotextile N

Cross section perpendicular to watercourse

Erosion resistant running surface armored with angular
rock similar to or greater in size than existing rocks
found up or down stream from crossing:
armor extends to 100 year ficod level

T

coarse rock at base

Apron 1]

Filter fabric at base of rock

Base coarse rock protects fill
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Excavating unstable fill slope on maintained road

potential failure plane

scarps and/or cracks sidecast berm and

\\ // unstable fill

Before

unstable fill is excavated and taken to a stable spoil
disposal site or used to fill the ditch and outslope road

After
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Typical stream crossing decommissioning

Condition

- Diversion potential

- Road surface and
ditch flows drain
to stream

- Undersized culvert
high in fill with
outlet erosion and
elevated plugging
potential

Treatment

- Road surface
decompacted

- Cross road drains
on old road

- Stream crossing
fill completely
excavated

- Excavated spoil
used to outslope
adjacent road

Before

] %Erosion at ou}{/et

\\ A\ 2{ K
CKoss 1 \

NG SV AN
T N
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Before

cracks or scarps

unstable sidecast

After

excavate
/’/ unstable

sidecast

spoil placed against
cutbank resulting in
partial outslope

Decompacted
road surface

Excavation of unstable fill slope on decommissioned road
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Map 2b. Road-related and trail-related siteswith future
sediment delivery by treatment immediacy,

Pescader o/M emorial/Sam M cDonald County Park Complex,
San Mateo County, California
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Map 3a. Potential road-related sediment reduction projects by road, groups of roads

or management responsibilities, Pescadero /M emorial/Sam McDonald County Park
Complex, San Mateo County, California

Ridge Tral 297
Rd 294 298 Pescadero Rd
299
005 \ Ridge Trail Road
293 § 300 i See Tl in Sam McDonald Park
292 Y 301 ) R (see Table 6)
291 ¥ - //"’x\/ 305 306
200§ - .. 7
. 303 304 307 Pescadero Rd
7 N 60
¥ S 5339 534
idge \
: S 607
FireRd L
N\ AlpineRd
Pescadero Pegradero N 514
Rd Rd 53 . 510 - ] 501
500 Big TreeTrail .-, 503 502
606 %,, SN / 'S TN oL
/ N \ R N
| Ss" S-\ A 505 5(?4 o 2o
j 5351 \~ 535 508 = S g > /5. 50
i 507 =
; 506 [N
\ \ v
: 200.1 Towne Fire Rd VoL AlpineRd
) //\\;//,,\\V\ ‘\ \\_/
\ 20 I SN
\ ,‘A A \ <\
Pescader \ ; N\ = e
Ry | owne Fire Roads R -
. Ve v s
285 in Pescader o Park T
' (see Table 6) 522 5 \
\\ N /
\ i I \ Ve
286 \ / ! N, N N
\\ | Y -
e ., bl W4 ~ ) \\\ ’ ‘\ //
3 207/ 516 ; |~ ‘/ . )
S W == , S ) . N o
Pomponio Y, 206 519 o8 \m::’ S llrvg%ed ~
Trail \\\\,.\ SZO\E //4//”/,,/T0Wne\ ) \\/\,/
% S FireRd /
R o 559\ ;
205 5 Canyon
- 56 Trail
| 557 556:0/ 3
550 ' Q\;, »298 N s \\\\\ 529
/ - \ 9\ J \”S/
‘ 213 J
Old Haul Rd . e K \
. 10" X ) X
\ 0. R . 221.2 o
\ ! SR 2125 - P 221.3 WO
: Old Haul Rd 2 e e 214 .
e )
.. \ ST 221.1_ g




Pomponio
Trail

\\
o |
~ ' Butano/ IR
N / Trail ! ;.| 536
\ | Loop ! S ;
) ‘ AN ;
/ | // V2
l / P .
‘/ P o7 //
’/‘ //’/ /// ///
Butano Ridge Rd ! / // /
\ \ , /
) J/ {
— // /’ ]\
— '\ P -
J ‘Sheriff Honor Camp Roads

Legend

Trail-related sites
Problem type

Road-related sites
Problem type

g  Stream crossing s  Stream crossing
% Landslide T Landslide

u Ditch relief culvert U] Other

U Other

S Phase| Old Haul Road sites
/\/ Non-inventoried r oads

N County roads A /

Streams

/o Trails D Park Boundary
1000 0 1000 2000 Feet
I e s N
1:24000

Prepar ed by Pacific Water shed Associates 1/19/03

1
. T
F

in Pescédero Park

(see Table 6)

\
559", >
\
. 558 é
. eSS

1
o ;
i
\ . RS .
| 557 L
‘ .
\

/ Y J
wne AN il

ireRd “ =

/// . h
Canyon ! / 564 S°

Tarwater Trail gg3
« Loop 77 .-~

60
561  Trail

556 _ o S
SN

265

0Old Haul Rd

\
N

! '
Camp Pomponio R

530

e Map 3b. Potential road-related
sediment reduction projects by road,
groups of roads or management

; responsibilities, Pescadero /Memorial/
‘ Sam McDonald County Park Complex,
San Mateo County, California

Tarwater Creek/
Bridge Trail Roa
in Pescadero

(see Table

Portola Redwood
State Park Rds

//
2 i J J
B | . ~
P ; 7 _-> Old Haul Rd
”/ ’; /// j/
/ A \
/ _~~Butano Trail- Portola Trail
Butano RidgeRd .~ / Loop \ 555 ortola Tral
/ / i 'S 554

=
)
)

) S

Sate Creek Rd
269 267
270 \
26
271




