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INTRODUCTION

This Site Management Plan (SMP)/Water Resource Protection Plan (WRPP) has been
developed to satisfy conditions of the Tier 1 enrollment requirements in the State Water
Resource Control Board (SWRCB) Order No. WQ 2017-0023-DWQ (Order), and Order No.
2015-0023 for the North Coast Regional Water Quality Control Board (NCRWQCB). The
purpose of the Order is to implement the Cannabis Policy requirements for waste discharges
associated with cannabis cultivation. The Policy provides a structure for managing water
quality and instream flow impacts associated with cannabis cultivation. It also establishes
criteria for personal use and site conditional exemptions and includes a tiered approach for
permitting discharges of waste. All eligible dischargers developing land for cannabis
cultivation activities are required to enroll in the program under the Order. Dischargers
must implement Best Practical Treatment or Control (BPTC) measures and submit technical
and monitoring reports to assure compliance with the Order. The SMP describes how the
discharger is complying with the applicable BPTC measures listed in the Policy and how
they are being implemented property-wide.

SITE INFORMATION

Registrant: Jesse Kinsella
Blue Ridge Farm, LLC
P.O. Box 931
Garberville, CA 95542

Site 1470 Blue Slide Creek Road
Address: Whitethorn, CA 95589
Parcel: Assessor Parcel Number: 220-041-001

Lat/Long: 40.1191°, -123.9553°

Zoning: General Plan: RA-40
Zone: U
Acres: Approximately 34.70

Disturbed Area: Approximately ©.33 acres

Location: Directions from Eureka, CA: head south on US 101 (approx. 63 miles); take
exit 642 for Redwood Drive towards Redway (appox. 02. miles); continue
on Redwood Drive (approx. 1.8 miles); turn right onto Briceland Thorn Rd
(approx. 10 miles); continue straight onto Ettersburg Rd/ Ettersburg
Honeydew Rd (approx. 2.4 miles); slight right onto Ettersburg Honeydew
Rd (approx. 1.0 miles); merge onto Blue Slide Creek Rd (approx 0.2
miles); arrive at property APN:220-041-001
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Site
Description:

Blue Ridge Farm, LLC is located within the Upper Mattole River Water shed. The
property primarily consists of dense timberland with a small portion of open
grassland on the north central portion of the property and a perennial stream
running through the southwest corner of the property. Within the north central
portion of the property there is a two-story single-family residence, a cabin,
cannabis cultivation, and multiple storage structures. The registrant has a claimed
riparian water right for a Statement of Diversion and Use (S026548). The Point
of Diversion (POD) is located on the south east quadrant of the property. From the
POD water is pumped to multiple water storage tanks and bladders throughout
the property (approximately 120,000-gallons of water storage). Water is then
used to irrigate approximately 8,826 square feet (sf) of cannabis cultivation
(5,616 sf of mixed light cultivation and 3,210 sf of outdoor cultivation. On July 23,
2018, the registrant was issued a Small Irrigation Use Registration (H502040).
Refer to Appendix F for a summary of existing Water Diversion Storage and Use,
Appendix I for a copy of the Small Irrigation Use Registration certificate, and
Appendix ] for a copy of Jesse Kinsella Less Than Three Acre Conversion.

TIER AND RISK DESIGNATION

The Cannabis Policy provides criteria for evaluating threats to water quality for cannabis
cultivation sites based on three site characteristics: proximity to water body, total disturbed
area, and slope of the disturbed area. Based on the criteria and site characteristics the
subject property is designated as a Tier 1 Discharger. The total disturbed area is 0.33 acres

(Table 1).
Table 1: Disturbed Area Size, Slopes, and Setbacks
Distance
istur Dist Ar
Dlstu; bec:3 Area ,?;tg)a is u;‘llz)ecé rea | L Water Water Body Type
YP P Body (ft.)
Mixed Light ;
0
Cultivation 5,616 +16% +400 Class II Drainage
Qutdoor Cultivation 3,210 +16% +300 Class II Drainage
Harvez;j;orage 300 Less than 15% +400 Class II Drainage
Drying Area 500 Less than 15% +400 Class II Drainage
Storage Sheds 96 +16% +350 Class II Drainage
Trash Enclosure 100 +10% +350 Class II Drainage
Compost Area 100 +10% +400 Class II Drainage
Water Storage 4,613 +10% +100 Class II Drainage
Spent Soil 50 Less than 15% +400 Class II Drainage
Total Disturbed 14.58
Aton 4,505
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The main entrance road was constructed prior to cultivation activities and is maintained
according to the guidance provided by the Handbook for Forest, Ranch, and Rural Roads
(“Road Handbook”) by Pacific Watershed Associates. Thus, the area of the road network is
not included in the total disturbed area. See the disturbed area map in Appendix B for
specific areas included in the disturbed area.

In addition, a risk designation is assigned based on the slope of the disturbed areas and
proximity to a waterbody. Based on these parameters, the subject property is designated as
a Low Risk. The total disturbed area of 0.33 acres remains outside of the riparian setback
requirements and on slopes less than 30 percent.

BEST PRACTICAL TREATMENT OR CONTROL (BPTC) MEASURES

BPTC measures are being utilized as part of the road maintenance program to protect water
quality. The Solid Waste Management, Construction Site Best Management Practices Manual
by the CA Department of Transportation (Caltrans) is referenced for the correct installation,
maintenance, and monitoring of all applicable erosion control and sediment capture BPTC
measures.

All straw mulch must be free of noxious weeds and all seed/plants must be non-invasive. A
list of prohibited species can be found in the CA Invasive Plant Council’s database. Erosion
control measures shall not include synthetic monofilament netting, including photo- and
biodegradable plastic netting. All netting shall be made of jute, coir fiber, hemp, or another
product without welded weaves.

A schedule of BPTC measures to be implemented and maintained throughout the site is
shown in Appendix C, and Appendix D includes specifications for BPTCs.

1. SEDIMENT DISCHARGE BPTC MEASURES
1.1.  SITE CHARACTERISTICS
1.1.1. SITE MAP
The site map shows all relevant site features: streams, stream crossings,
storage areas, roads, buildings, domestic wastewater treatment system,
cultivation areas, and other disturbed areas related to cultivation
activities. Erosion prevention and sediment control BPTC measures are
identified on the map (see Appendix A).

1.1.2. ROAD CONDITIONS
The main entrance road receives approximately two daily vehicle trips in
the peak season (May - October) and one to no vehicle trips in the winter
season. The entry road is constructed on a mild gradient and the road
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surface consists of bare soil. Much of the road is insloped, which drains
the road surface flow into inboard ditches.

In September 2017, a Registered Professional Forester prepared a Less
Than Three Acre Conversion Mitigation Plan where the main entrance
road was evaluated (refer to Appendix J). Within this plan, the forester
marked (9) nine road points identifying locations that have potential to
cause environmental damage. Road mitigation measures were prescribed
for each road point consisting of installing rolling dips, rocking ditches,
and outsloping segments of road.

Currently, road maintenance activities consist of clearing inboard ditches
of debris and installing rolling dips throughout the property. Additional
road maintenance is prescribed in section 1.2.1.

1.1.3. WATER BODIES, STREAM CROSSINGS, RIPARIAN SETBACKS
There are no stream crossings on the property. A final Lake and
Streambed Alteration Agreement (Notification No. 1600-2018-0069-R1)
was issued by California Department of Fish and Wildlife (CDFW)
indicating that the only encroachment is for water diversion from an
unnamed tributary to Blue Slide Creek.

All structures and cultivation areas currently meet setback requirements
in the Order.

1.1.4. SOIL DISTURBANCE

The site has one location where mild soil disturbance is present. The site

is listed as Monitoring Area 1 (Refer to Appendix A). Monitoring Area 1 is

located south of the residence.

1.1.4.1. Monitoring Area 1

Monitoring Area 1 contains a mild wetted slope that is vegetated
with grass. The cultivation, on the north portion of the
monitoring area is to be relocated due to the slope instability.
However, there is no immediate threat and the nearest
watercourse is £300 feet away. Currently, there are fiber rolls in
place surrounding the area.

1.2. SEDIMENT EROSION PREVENTION AND SEDIMENT CAPTURE
1.2.1. EROSION PREVENTION BPTC MEASURES
1.2.1.1. ROADS
Sections of the access road will be outsloped to disperse road
surface flow off the road, and multiple rolling dips will be installed
on the main access road to break up the sheet flow length (Refer to
Table 1.2.1.1).
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Table 1.2.1.1 Mitigations for Site Prescribed in Jesse Kinsella Less Than Three Acre
Conversion as Prescribed by the Registered Professional Forester.

Road Point

Mitigations for Site

RP1

Drain surface drainage. Install rocked rolling dip. Line/cap the
dip with 4” to 6” diameter rock to divert surface silt and debris
off the road prism.

RP2

Drain surface drainage. Install rocked rolling dip. Line/cap the
dip with 4” to 6” diameter rock to divert surface silt and debris
off the road prism.

RP3

Existing 18” diameter cross drain. Clean inlet and outlet. Clean
inside ditch leading to inlet and line ditch with 2” to 4” diameter
sharp angular rock for 50°.

RP4

Drain surface drainage. Install rocked rolling dip. Line/cap the
dip with 4” to 6” diameter rock to divert surface silt and debris
off the road prism.

RP5

Drain surface drainage. Install rocked rolling dip. Line/cap the
dip with 4” to 6” diameter rock to divert surface silt and debris
off the road prism

RP6

Existing 18” diameter cross drain. Clean inlet and outlet. Clean
inside ditch leading to inlet and line ditch with 2” to 4” diameter
sharp angular rock for 50’.

RP7

Drain surface drainage. Install rocked rolling dip. Line/cap the
dip with 4” to 6” diameter rock to divert surface silt and debris
off the road prism.

RP8*

Drain surface drainage. Install outslope rocked ditch with outlet
ditches every 60’. Line/cap the ditch with 4” to 6” diameter rock
to capture surface silt and debris from the road prism and
prevent erosion.

RPg*

Drain surface drainage. Install rocked rolling dip. Line/cap the dip
with 4” to 6” diameter rock to divert surface silt and debris off

the road prism.

*Road point is not located on the registrant’s parcel. No work will be performed until the
registrant is granted permission by the adjacent property owner (APN 220-041-008).

Inboard ditches that are actively incising will be rocked to prevent
additional down-cutting. Ditch relief culvert inlets and outlets will
be maintained and cleared of sediment buildup. The culvert outlets
discharge onto stable, vegetated or armored slopes and not into
natural watercourses.

Erosion prevention measures roads will be implemented during
the dry summer months. The road construction standards
described in the “Road Handbook” will be adhered to for all road
improvements. See Appendix C for the Schedule of BPTC
Implementation and Maintenance.
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1.2.1.2.

1.2.1.3.

1.2.1.4.

DISTURBED AREAS

All exposed soil in disturbed areas will be seeded and mulched with
straw and existing live mulch will be maintained. Any areas for
planned disturbance/development will be surveyed for sensitive
species, wildlife, and communities, and CDFW shall be consulted
with to designate a no-disturbance buffer if necessary.

STREAMS AND STREAM CROSSINGS
There are no stream crossings located on the property.

WINTERIZATION

Winterization measures will be implemented annually by
November 1** and interim erosion prevention BPTC measures will
be utilized as needed throughout the year. To prevent erosion and
sediment transport to streams, numerous measures for soil
stabilization, runoff management, erosion and sediment
prevention/retention are utilized throughout the seasonally dry
period and prior to the onset of winter. Section 5 “Winterization
BPTC Measures” has more information on proposed actions to
protect water quality in the winter season.

1.2.2. SEDIMENT CAPTURE BPTC MEASURES

1.2.2.1.

ROADS, STREAM CROSSINGS, AND SOIL DISTURBANCE

Minor sediment control measures include installing rocked rolling
dips, rocking inside ditches, and outsloping segments of the lower
road.

Spoils piles and spent potting soil is stabilized in a location outside
of riparian setbacks, and are surrounded with straw wattles and a
tarp or mulch for cover.

During road construction, sediment control devices (e.g. straw
wattles, gravel bag berms) will be installed during the dry season
around culvert inlets and outlets to prevent sediment delivery to
the streams. Stockpiled materials for construction and road
maintenance will be stored in stable locations and contained using
appropriate BPTC measures. Other sediment control measures may
be installed as needed to prevent discharges from entering waters
of the state. See Appendix C for the schedule of all sediment control
BPTC measures being employed on site.

1.2.3. MAINTENANCE ACTIVITIES - EROSION PREVENTION AND SEDIMENT
CAPTURE

1.2.3.1.

MONITORING
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As mentioned in Section 1.1.4, there is one monitoring area located
on the northern portion of the property. Until the relocation takes
place, this area should be monitored monthly and after rainfall
events.

All long-term and interim erosion prevention and sediment capture
BPTC measures that have been implemented will be monitored for
effectiveness on a monthly basis at a minimum (Table 1.2.3.1). Any
vegetation planted on previously disturbed areas will be monitored
for success and replanted if necessary. The cultivator will monitor
erosion and sediment control measures during and after each
storm event that produces at least 0.5 in/day or 1 in/7 days of
precipitation. In addition, winterization measures that are
implemented will be monitored for effectiveness (inspected during
the first major winter storm event) before the site is closed for the
winter. See Appendix H for a log of monthly BPTC monitoring and
maintenance records.

Table 1.2.3.1. BPTC Effectiveness Monitoring

Observations Description Monitonng
Frequency
Erosion
Prevention and Report activities for maintaining the
Sediment effectiveness of erosion prevention and Monthly
Capture sediment retention/capture measures
Maintenance
Active Erosion Report any indications of soil erosion Monthly
Surface Water Report the conditions of any surface water
Runoff (stormwater, irrigation) and include the Monthly
Maintenance location, source of runoff, duration
1.2.3.2. MAINTENANCE
Ditch relief culverts located on the main access road should be
maintained for plugging and cleared as needed. Separately, the
fibers rolls at Monitoring Sits 1 should be maintained. Once
cultivation relocation occurs and they are removed, all
accumulated sediment should be removed as well.
Year-round maintenance of all erosion prevention and sediment
capture measures is required. All existing measures shall be
maintained, repaired, or replaced as needed. Exotic or invasive
species found in revegetated or disturbed areas shall be removed.
Remaining exposed soil shall be reseeded/revegetated and have 2-
4” of weed-free mulch reapplied. Any captured sediment in inboard
ditches/drainageways, culvert outfalls, or against silt fences/straw
Blue Ridge Farm, LLC. Site Management Plan 7|Page
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wattles will be removed and stabilized on a designated flat area.
The sediment may be used for site improvement where it will not
threaten water quality. Interim measures for sediment retention,
such as mulching and wattling, require more regular monitoring
and maintenance. See Appendix H for a log of monthly BPTC
monitoring and maintenance records.

2. FERTILIZER, PESTICIDE, HERBICIDE, AND RODENTICIDE BPTC
MEASURES
2.1. CULTIVATION PRODUCT STORAGE, USE, AND DISPOSAL
2.1.1. STORAGE

Fertilizers and pesticides are being stored in a separate location from
petroleum products (refer to Appendix A). No rodenticides are currently
being used on site. At the end of the season, any unused liquid products
are stored in secondary containment within a shed and applied the
following year (see Site Map in Appendix A for storage locations). Soil and
fertilizers may temporarily be stored in or near the greenhouses prior to
being applied.

Appropriate BPTC measures are being utilized when storing, handling,
mixing, applying, and disposing of all fertilizers, pesticides, herbicides,
and rodenticides. Each year an inventory is conducted prior to the
beginning of the grow season and necessary products are delivered to the
site as needed. See Appendix G for a list of fertilizers and
pesticides/herbicides used on site.

2.1.2. APPLICATION
Mixing of fertilizers in small storage tanks is conducted in a designated
area where the mix will not enter surface waters. For young plants, the
mix is applied via watering wand and mature plants are fertigated at
agronomic rates by drip emitters. Spent soil is amended and reused as
needed. The application of any agricultural chemical products will be
conducted according the manufacturer’s recommendation.

2.1.3. DISPOSAL AND SPILL PREVENTION/CLEANUP

Trash and recycling containers are located near the existing residence and
are contained to prevent surface water contamination and wildlife
intrusion. Excess soil not slated to be reused or mulched will be disposed
of properly along with other cultivation products, and the disturbed area
will be seeded and covered with straw to prevent erosion. Spent product
containers are carefully transferred from the mixing area to the refuse
area. A spill kit with plenty of sorbent pads is kept on site in the event of
a spill. All trash, empty product containers, and other recycling are hauled
off-site bi-weekly to the Redwood Transfer Station.
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3. PETROLEUM PRODUCT BPTC MEASURES
3.1. PETROLEUM STORAGE, USE, AND DISPOSAL

Table 3.1. Petroleum Product List, Storage, and Use

Propane Tank | As needed throughout the year propane tank

Petroleum : "
Product Delivery Period Storage Method Use Type
- trol
As needed throughout the 20-gallon petio eum Genel.‘ators,
! . : storage tank with vehicles,
Gasoline growing season (April - : .
secondary containment maintenance
October) ;
trough equipment
500-gallon metal Heating/cooking

for the house

In storage shed within

Lubricants As needed throughout the year ?
secondary containment

Equipment
maintenance

3.1.1 STORAGE

The generators used on the property are a Kolar 8.5 Propane Generator
and Honda EU 2000 and 6000 Gasoline backup generators. Oil
changes are performed in the 60 sf generator shed, which is equipped
with cove flooring. The discharger has a 20-gallon gasoline tank with
secondary containment and a 500-gallon propane tank, both located
near the residence (see site map in Appendix A). Additional fuel is
safely transported to the site in a transfer tank as needed. The propane
tank is serviced by a licensed professional a couple times a year.
Smaller 5-gallon gas cans, lubricants, and other petroleum products
are being stored in secondary containment when not in use. The
generators have drip pans and are being stored within the sheds.
Vehicles and machines are regularly monitored for leakage and when
not in use are being stored in a location outside riparian setbacks.

3.1.2. APPLICATION

Fueling and maintenance of the generators, cars, and other machines
is being conducted in a designated area that prohibits discharge to

waters of the state.

3.1.3. DISPOSAL AND SPILL PREVENTION/CLEANUP

Special care is taken when transporting and handling all petroleum
products. Spill prevention/cleanup BPTC measures are being utilized;
a spill kit with plenty of sorbent pads is kept on site in the event of a
spill. Spent petroleum products and related trash are kept in
secondary containment, specifically for hazardous waste, before being

transferred to the waste management facility.
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4. TRASH/REFUSE AND DOMESTIC WASTEWATER BPTC MEASURES
4.1. HOUSEHOLD TRASH AND CULTIVATION-RELATED WASTE

All trash/refuse generated on site will be kept in a designated area near the
residence (see site map in Appendix A) where it will not migrate or leach into
waters of the state. The trash enclosure contains four (4) 32-gallon garbage
cans and (8) 32-gallon recycling can. Cultivation-related organic waste is
composted in a designated area and stabilized with the appropriate BPTC
measures. Spent potting soil is stored in a secure location and stabilized using
appropriate sediment control BPTC measures. Household and other
cultivation-related waste and recycling are temporarily stored in wildlife-
impenetrable storage containers. All refuse and cultivation waste are then
transported to the Redwood Transfer Station bi-weekly.

4.2. RESIDENTS, EMPLOYEES, AND VISITORS
Approximately 2 employees are on site during the growing season and
occupy the residence. There are no seasonal employees. There are no
residents or employees on site in the winter season. No visitors come to the
site.

4.2.1 DOMESTIC WASTEWATER - GENERATION
The household produces greywater from the kitchen sink and the
existing cabin contains septic.

4.2.2 DOMESTIC WASTEWATER - DISPOSAL

The residence currently has a septic system in place to service the
residence and cabin. See the site map in Appendix A for locations of
wastewater treatment locations. The cultivator shall make sure that
no substances that are hazardous to fish and wildlife (e.g. trash, paint,
concrete washings, treated wood) are used, located, or disposed of
where they can contaminate waters of the state. Human and animal
waste shall also be disposed of properly.

5. WINTERIZATION BPTC MEASURES
5.1.  ACTIVITIES AND MAINTENANCE
5.1.1 ROADS AND STREAM CROSSINGS
Appropriate erosion prevention and sediment control measures will be
installed, maintained, and monitored for effectiveness prior to the
winter season. Road work requiring heavy machinery, such as
outsloping, shall be conducted only during the dry season, unless the
cultivator is authorized by an agency with jurisdiction to make
emergency repairs. Temporary access roads also need to be closed to
traffic prior to the on onset of winter. The main access road has
excessive sheet flow lengths that will be improved by outsloping and
rolling dips. Winterization of the main access road includes temporary
and long-term runoff management and soil stabilization measures,
such as the rocking of inboard ditches, installing check dams, and
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stream inlet protection. All winterization BPTC measures will be
monitored and maintained prior to site closure for the winter. Culverts
will be inspected for erosion or clogging prior to and after a significant
storm event. Any debris and sediment found to be clogging culverts,
inlets/outlets, or drainageways will be removed and appropriately
stored, reused, or disposed of.

5.1.2. DISTURBED AREAS

Areas that have exposed soil shall be seeded/hydroseeded and

mulched to prevent erosion and sediment delivery to a waterbody. Any

revegetation shall take place at the onset or at the end of the

precipitation season to ensure establishment. Exposed slopes shail

have linear sediment controls, such as wattles or silt fences, to

interrupt sheet flow lengths. All disturbed areas will be inspected for

potential and active erosion issues. Such sites will be

repaired/controlled as needed using appropriate BPTC measures. For

all areas of concern, if any BPTC measures cannot be installed prior to

winter, the Regional Water Board must be contacted to establish a

compliance schedule to protect water quality.

5.1.3. STORAGE AND STOCKPILED MATERIALS

5.1.3.1. CULTIVATION-RELATED PRODUCTS AND WASTE
All fertilizers, pesticides, herbicides, and rodenticides need
to be stored where they will not enter surface waters or
pose a threat to wildlife. The cultivator will have all liquid
products stored in secondary containment and stored along
with all other cultivation-related products, protected from
the elements. Waste associated with cultivation will be
removed from the site and taken to the Petrolia waste
management facility prior to closing the site for winter.

5.1.3.2. VEHICLES, MACHINES, AND PETROLEUM
PRODUCTS/WASTE
Prior to winter, any remaining vehicles or machines on-site
will be stored out of the elements where any potential leaks
will not enter surface waters or pose a threat to wildlife.
The generator shed will also be locked to prevent wildlife
intrusion. Petroleum products will be kept in compatible
secondary containment within their own storage container.
Any spent petroleum containers and related trash will be
removed and appropriately disposed of at the Petrolia waste
management facility.

5.1.3.3. STOCKPILED MATERIALS
Appropriate BPTC measures shall be used for all stockpiled
materials that have the potential to migrate to surface
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waters or that may be hazardous to wildlife. Stockpiled
materials include bark, sawdust, potting soil, amendments,
rock, compost, treated wood, polytube and other irrigation
equipment, greenhouse plastic sheeting, and any other
materials used for cultivation and site development,
improvement, and management. They shall be stabilized in
an upland area, covered, and/or stored in a storage
shed/container.
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WATER RESQURCE PROTECTION PLAN (WRPP) ~ Manhard Consulting

RD1.1 Modified Low Water Rock Ford

RD1.2 Fords

RD1.3 Qutsloped Roads w/ Inboard Swale

RD1.4 Outsloped Road

RD1.5 Inslope Road

RD1.6 Thru Cut Road

RD1.7 Critical Dips

RD1.8 Rolling Dip

RD1.9 Grading Unpaved Road Surfaces
RD1.10 Water Bars

RD1.11 Ditch Relief Culverts (DRC)
RD1.12 Stream Crossing Installation
RD1.13 Drainage for Unpaved Roads
RD1.14 Road Surface Upgrade

RD1.15 Routing and Location

RD1.16 Understanding Road Removal
RD1.17 Road Closure

EC1.1 Jute Mat Blanket

EC1.2 Culvert Qutlet Energy Dissipater
EC1.3 Qutlet Protection

EC1.4 Stockpile Management

§5-6 Straw and Mulch

§S-7 Geotextiles, Mats, Plastic Covers, and Erosion Control Blankets

SS-10 Outlet Protection
$S-11 Slope Drains
SC1.1 Check Dams
§C1.2 Sediment Basin
SC1.3 Fiber Rolls

Road BMP Resources
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WATER RESOURCE PROTECTION PLAN (WRPP) - NorthPoint Consulting

DESCRIPTION

RD-1.2 FORDS

Fords work well on small to medium sized streams where there is a stable stream bottom and traffic is
light. However, "construction” of fords and other unimproved stream crossings on well traveled roads
should be avoided where water is flowing because of their potential to impact water quality. In certain
situations, where flash floods, high seasonal flood peaks or floating debris are problems, fords may be a
practical answer for crossing a poorly incised, shallow stream.

BEST MANAGEMENT PRACTICES

=  Fords in flowing streams, called "wet fords," are typically composed of streambed gravels, fill, or
conerete structures built in contact with the streambed so that vehicles can cross the channel (Figure 1).

»  Fords should be designed to allow low summer flows seep through the fill, and high water discharges

flow over the top (Figure 2).

»  Paving fords across flowing streams may be necessary to maintain water quality if there is to be
regular traffic. Paving consists of a concrete, slightly dish-shaped slab across the watercourse, anda
discharge apron or energy dissipater on the downstream side to prevent scour during high flows.

»  Onsmall, poorly incised, ephemeral or intermittent streams a ford may be needed if there is
insufficient channel depth to install a culvert. In fact, a rock lined rolling dip with a rock apron face
is generally desirable to permanent culverts on these swales and small watercourses. Fords have the
advantage, over culverted fills, of never plugging.

= Fords on small streams should be rock armored to prevent erosion of the road surface and fill during
periods of runoff. The fill face on the downstream side of the fill can either be protected with rock
armor or fitted with a large overside drain (berm drain) to prevent erosion (Figure 3).

»  Unimproved fords, which consist of a stream channel that has been filled with a substantial quantity
of soil and left unprotected by armor or surfacing is a hazard to water quality and should not be

constructed.

Figure 1. Wet ford on Class Il perennial
stream. Clean rock aggregate has been
imported for the travelling surface and
coarse rock armor protects the outer edge of -
the road bed. It is important that rock
aggregate used in a ford be large enough to
resist transport during winter flows. Fords
should not be used if high winter flows
would cut off access to inspect and maintain
drainage structures further out the road
From Weaver and Hagans (1994).

Best Management Practices for Road Planning, Construction and Maintenance
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WATER RESOURCE PROTECTION PLAN (WRPP) - NorthPoint Consulting
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Figure 2. Typical ford stream crossing. From CDFG (2006).
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Figure 3. Typical armored stream crossing. From CDFG (2006).
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WATER RESOURCE PROTECTION PLAN (WRPP) - NorthPoint Consulting

Building an Armored Fill
Stream Crossing

-
Culvert B

- - —

= # -~

sz oo
G o &
H,- Digging Keyway u?‘\
: f 1 \ b1 Keyway dug to confine rock H

K H

Largest rock buttressing
fill-face armer

Figure 4. Design elements of a typical armored fill crossing. Note: where geotextile fabric may interfere
with passage of amphibians in any Class 2 or 3 crossing, bury geotextile fabric with at least 6 inches of
rock. Do not expose geotextile fabric in the bed of fish-bearing stream channels. From CDF' G (2206).

Source Material for Road BMP RD-2.7 Fords

2006. California Department of Fish and Game. Part X - Upslope Erosion Inventory and Sediment
Control Guidance, California Salmonid Stream Habitat Restoration Manual.

1994. Weaver W.E. and D.K. Hagans. Handbook for Forest and Ranch Roads. Mendocino County
Resource Conservation District

Best Management Practices for Road Planning, Construction and Maintenance
Page 3
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WATER RESOURCE PROTECTION PLAN (WRPP) - NorthPoint Consulting

RD-1.7 CRITICAL DIps

DESCRIPTION

A critical dip is a rolling dip constructed on or close to the down-road hinge-line of a stream crossing,
displaying a diversion potential. Build a critical dip at all stream crossings in order to prevent stream
diversions when a culvert plugs and water flows out onto the road. Construction may be similar to Road
BMP RD-1.8 Rolling Dips. '

BEST MANAGEMENT PRACTICES

=  Stream crossings should be constructed to prevent diversion of flood overflow if the culvert were to
become plugged. This can be done by designing the road to dip into and out of the stream at the
crossing site or by installing a broad rolling dip on the down-road side of the crossing. This will
allow the overflow to be directed back into the natural stream channel (Figure 1).

= (Critical dips should be designed to handle the 100-year flow event for the stream it is installed at,

*  Road surface and fill slopes at the critical dip should be rocked or otherwise stabilized.

= Must be deep enough that it is not obliterated by normal grading, but not so deep that it is difficult to
negotiate or a hazard to normal traffic (Table 1).

= See Road BMP RD-1.8 Rolling Dips for more details.

Road Upslope approach Reverse grade Depih below Depth below
de {distance from up- {distance from average road average road
g‘l;z road start of rolling | trough te crest) | grade at discharge | grade at upslope
‘ dip to trough} (it} (&) end of irough (ft} | end of trough {fi)
<f 55 1520 09 03
& 65 ! 1520 i0 02
10 75 15-28 11 01
12 85 . 20-25 12 01
>12 100 20-25 13 0

Table 1. Table of rolling dips dimensions. Design principles apply to critical dip. From CDFG (2006).

Best Management Practices for Road Planning, Construction and Maintenance
Page 1



WATER RESOURCE PROTECTION PLAN (WRPP) — NorthPoint Consulting

Common problems

A - Diversion potential

B - Road surface and
ditch dmins
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

- 100 year culyent
set i base of fill

Figure 1. Install critical dips to prevent diversion prevention at siream crossings. Critical dips should be designed to handle
the flow from a 100-year storm event. From CDFG (2006).

Source Material for Road BMP 2.9 Critical Dips

2006. California Department of Fish and Game. Part X - Upslope Erosion Inventory and Sediment
Control Guidance, California Salmonid Stream Habitat Restoration Manual.

2004. FishNet 4C. Guidelines for Protecting Aquatic Habitat and Salmon Fisheries for County Road
Maintenance.
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WATER RESOURCE PROTECTION PLAN {WRPP) - NorthPoint Consulting

RD-1.9 GRADING UNPAVED ROAD SURFACES

DESCRIPTION

Good maintenance practices on unpaved road surfaces prevent roadway erosion, deterioration or failure;
helps with sediment and dust control, and provides a safe roadway surface for the traveling public.

BEST MANAGEMENT PRACTICES

Fit grading to the surrounding terrain.
Blade and compact a smooth surface and compact loose soils as needed.

Crown or slope the road to avoid ponding or concentration of runoff. Outslope all roads where
possible and safe.

Preserve existing vegetation to the greatest extent feasible.

Minimize the length aﬁd steepness of slopes.

Maintain natural drainage patterns in watershed.

Preserve or improve surface drainage in the vicinity of the road.
Disconnect road drainage features from watershed hydrology.

Make sure drainage is self-maintaining.

Keep runoff velocities low, using energy dissipating control measures.
Minimize amount of road-related sediment that gets into watercourses.

Prevent dust abatement chemicals from getting into watercourses or riparian areas.

SEASONAL CONCERNS

Perform routine road surface maintenance during the dry season. Avoid working in wet conditions
and during the wet season (October 15- April 15), except for emergencies. Disturbed soil combined
with rainfall, greatly increase the risk of exposed sediment runoff into streams.

Inspect roads and associated drainage facilities for signs of erosion or deterioration at least twice
annually with at least one inspection during or after first storm events of the season with additional
follow-up for severe storm events. Inspect all road and drainage facilities after a large storm event.
Note locations of road surfaces, drainage features, cutslopes and fillslopes that appear to be failing
and contributing sediment to streams in order to prioritize maintenance or repair.

Best Management Practices for Road Planning, Construction and Maintenance
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SPOILS AND SIDECASTING

Avoid sidecasting of soil in all cases where it could be delivered into a watercourse, riparian area,
roadside ditch or storm drain. In some instances, under the following guidelines (Table 1),
sidecasting is allowable given remote distances from spoils storage sites. In these cases, the setback
distance required depends on slope and vegetation. The presence of vegetation helps to slow the
travel of sediment downslope, so good judgment is needed to assess the situation. Do not sidecast at
all if the slope is sparsely vegetated and it appears that sediment will travel with rain runoff into a
stream or estuary system, even if setback distances are applied. On slopes of 5:1 (20% gradient) or
less, sidecasting is allowed beyond 150 feet of a watercourse, stream crossing, riparian area, roadside
ditch or storm drain. On 2:1 slopes {50%) or less, sidecasting is allowed beyond 300 feet of a
watercourse, stream crossing, riparian area, roadside ditch or storm drain. On slopes greater than 2:1,
typically sidecasting is not recommended, however there may be rare instances on slopes greater than
2:1 where sidecasting is acceptable given very long distances from waterbodies and good vegetative
cover. Seek advice from local fisheries agency staff when in doubt. Avoid concentrating sidecasting
repeatedly in the same place. Never sidecast large amounts of soil from major landslides.

Temporary spoils stockpiles should be located in areas that are relatively level; relatively free of
vegetation and away from streams and wetlands areas (see Erosion Control BMP EC-1.5 Stockpile
Management). The primary concern is to keep stockpiled materials from eroding into stream or
wetland systems. Apply erosion control BMPs when needed. Do not place temporary spoils piles at
the top of unstable slopes or at the edges of slopes where water will carry sediment into
watercourses. Remove temporary stockpiles to permanent disposal locations before the rainy season.
If emergency work is conducted during the rainy season, remove stockpile as soon as feasible and
before the next rain storm.

SLOPE DISTANCE FROM SIDECASTING RULE
GRADIENT WATERCOURSE,
STREAM CROSSING,
RIPARIAN AREA
ROADSIDE DITCH,
STORM DRAIN
Any slope Appears that sediment will
trawel with ratovrater into Mot allowed
Watercourse.
5:1 { 20%) or less 150 feet ar more Allowed nsing good
_ judzment
2:1 (50%) or less 304 feet or more | Allowed vsing good
judgment
Greater than 5:1 Vegetated slope long distance
(50%) from watercourse Allowed
Greater than 5:1 Sparsely vegetated slope and it
{(50%) appears that sediment will fravel | Mot allowed
wﬁh rain mm wa*ercm

T able] Sldecastmg gutdelmes From FlshNel 4C (2004)
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BERMS

= Do not leave loose soil piled in berms alongside the road or ditch. Loose or exposed soil berms are
erodible and readily flushed into waterways and storm drains. '

»  Ifany berm is left in place for public safety reasons it must be compacted and stabilized with seeding
or asphalt. Frequent well placed breaks in the berms are necessary to allow water to drain from road,
preserving the natural drainage pattern of the slope.

Source Material for Road BMP RD-3.2 Grading

2004. FishNet 4C. Guidelines for Protecting Aquatic Habitat and Salmon Fisheries for County Road
Maintenance.

2002. Five Counties Salmon Conservation Program. A Water Quality and Stream Habitat Protection
Manual for County Road Maintenance.
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RD-1.10 WATERBARS

DESCRIPTION

Waterbars are shallow, abrupt excavated dips or troughs with an adjacent, downslope hump or mounded
berm, that are built at an oblique angle across the road (Figure 1 and 2). Waterbars are useful only on low
standard seasonal or temporary, unsurfaced roads where winter use will not occur, because traffic easily
cuts through the soft berm and fills the adjacent dip. Waterbars should be constructed at proper spacing
according to the grade of the road (Table 3). Waterbars are usually regraded (smoothed out) at the
beginning of each operating season, and then reconstructed at the beginning of each winter period.

Waterbars are high maintenance drainage structures that are prone to failure if not properly built and
maintained. Unauthorized winter traffic is likely to break down waterbars and result in serious road
surface erosion and water pollution.

BEST MANAGEMENT PRACTICES

= Waterbars and rolling dips should be spaced along the road close encugh together that the road
surface is not gullied (Table 3). Appropriate spacing of surface drainage structures depends on soil
credibility and runoff rates. Look at local roads to determine the maximum spacing that will work in
your specific area.

Table 3. Maximum distance between waterbreaks on roads and trails (Teety
Erosion: Hazard Eating Road or Frail Gradient (38]
{for smefare eroxiony
19%, or less 11-25% 26500 - aver 3086
Extremnely hizh 0w 5 St S
High 150 10 3 Sy
Moderate ilg 150 150 75
Low nF e 150 10

Table 3. From Weaver and Hagans (1994). ! Adapted from California Forest Practice Rules. This is the maximum distance
between waterbars: when in doublt, reduce the spacing. Soils are nonrenewable and waterbars are inexpensive.

Best Management Practices for Road Planning, Construction and Maintenance
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Figure |. Waterbars are constructed on unsurfaced forest and ranch roads that will have little or no traffic during the wet winter
period. The waterbar should be extended to the cutbank to intercept all ditch flow (1) and extend beyond the shoulder of the road.
A berm (2) must block and prevent ditch flow fram continuing down the road during flood flows. The excavated waterbar (3)
should be skewed 30° to the ditch-line with the excavated material bermed on the downhill grade of the road (4). Water should
always be discharged onto the downhill side on a stable slape protected by rip rap or vegetation (3), The cross ditch depth (6)

Best Management Practices for Road Planning, Construction and Maintenance
Page 2



WATER RESOURCE PROTECTION PLAN (WRPP) — NorthPoint Consulting

and width (7) must allow vehicle cross-over without destraying the function of the drain (B.CM.F., 1991). From Weaver and
Hagans (1994).

==
ND SCALE
e MIN. SKEW RANO
1/2:1, OR AS STAKED
NOTES
1. AL WATER BARS SHALL BEGIN AT THE INTERSECTION OF THE ROADBED
AND CUT SLOPE AND RUN ACROSS THE ENTIRE WIDTH OF THE ROACBED. S, DERRINENT OF AGRCGLIVRE
2. ALL WATER BARS SHALL HAVE FREE FLOWNG QUTLETS. HALLOWA- RN HATOHAL FOREST
3. WHEN STAKES ARE USED, THEY DESIGNATE THE OUTLET LOCATION. STANDARD DETAL FOR
WATER BAR
I——
Yurmen 1 i e e - ..
Vi T -
L —— -

Figure 2. Typical design of a waterbar. From US Forest Service.

Sourece Material for Road BMP RD-7.8 Waterbars

1994, Weaver W.E. and D.K. Hagans. Handbook for Forest and Ranch Roads. Mendocino County
Resource Conservation District
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RD-1.11 DITCH RELIEF CULVERT
INSTALLATION

DESCRIPTION

Ditch relief culverts (DRCs) divert water from an inside road ditch to an outside area beyond the outer
edge of the road fill. DRCs take the flow through or beneath the road surface. Ditch relief culverts may
also be used to filter water in a buffer zone prior to entering a waterway.

BEST MANAGEMENT PRACTICES

Culverts should be designed and installed at intervals along the road that are close enough to prevent
erosion of the ditch and at the culvert outfall, and at locations where collected water and sediment is
not discharged directly into watercourses (Table 1).

Install ditch relief culverts at an oblique (typically 30 degree) angle to the road so that ditch flow
does not have to make a sharp angle turn to enter the pipe (Figure 1). On low gradient roads (<5%),
where ditch flow is slow, ditch relief culverts can be installed at right angles to the road.

Ditches should reither be discharged directly into the inlet of a watercourse crossing culvert, nor
should ditch relief culverts discharge into a watercourse via surface flow without first directing flow
through an adequate filter strip (Figure 2).

In addition to installing ditch relief culverts on either approach to watercourse crossings, it is also
advisable to consider installing ditch drains before curves, above and below through-cut road
sections, and before and after steep sections of the road.

If the ditch is on an insloped or crowned road that is very close to a stream, consider using
outsloping to drain the road surface (see Road BMP RD-1.3, 1.4 Outslope Road). The ditch and the
ditch relief culvert would then convey only spring flow from the cutbank, and not turbid runoff from
the road surface.

Do not discharge flow from ditch relief culverts onto unstable or highly erodible hillslopes

Culverts should be installed at the gradient of the original ground slope, so it will emerge on the
ground surface beyond the base of the fill. If not, either the fill below the culvert outlet should be
armored with rock, or the culvert should be fitted with an anchored downspout to carry erosive flow
past the base of the fill (Figure 1).

Downspouts longer than 20 feet should be secured to the hillslope for stability. Full round
downspouts are preferred over half-round downspouts.

Best Management Practices for Road Planning, Construction and Maintenance
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Table 1. Maximum suggested spacing for ditch relief culverts® (ft)

Soil credibility
Road grade (%)

very high high moderate slight very low
2 600-8002
4 530 600-8002
6 365 585 600-800?
8 265 425 525 600-800?
10 160 340 420 555
12 180 285 350 460 600-8002
14 155 245 300 365 560
16 135 215 270 345 490
18 118 190 240 310 435

! ddapted from Transportation Handbook USDA Forest Service, R-6, 1966. Culvert spacing may be too great in locations
where ditch runoff is accumulated and discharged onto steep hillslopes that are prone to gullying. Spacing is desigred to
control ditch erosion, not culvert outfall erosion, and are based on 25-year storm and precipitation rate of 1-2 in/hr for 15
minutes. If less, multiply by the intensity 0.50, 030, etc. If 2-3 in/hr, divide distance in table by 1.50; if3 -4 in/hr, divide by
1.75; and if 4-5 in/hr, divide by 2.00. The U.S. Forest Service also publishes abundant information on preventing and
cantrolling gully erosion below culvert outfalls. From Hagans and Weaver (1994).

2Even with stable ditches, ditch relief culvert spacing greater than about 600 to 800 feet is generally not recommended due
to the large volume of road surface and cutslope rungff that would be discharged through the culvert and onto lower slopes
during peak runoff periods. Culvert outlet erosion may occur with less than 800 feet of contributing ditch line, so observe
local conditions to determine the upper limit of acceptable spacing in your area.

Ditch relief culvert

Cross sections of typical instaliations

Poo OK : Best

Figure 1. Typical ditch relief culvert installation. (CDFG, 2006)
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Figure 2. Where a road approaches a stream crossing (B), ditch flow should be culverted across the road (4,D) and discharged
into a vegetated buffer that can filter the runoff before it reaches the watercourse. lf the stream culvert plugs with debris or is
topped by flood flows, flow will spillover the road at the change in grade at location "C" and back into the stream channel
(modified from M.D.S.L. 199]). From Weaver and Hagans (1994).

Source Material for Road BMP 2.10 Ditch Relief Culvert Installation

2006. California Department of Fish and Game. Part X - Upslope Erosion Inventory and Sediment
Control Guidance, California Salmonid Stream Habitat Restoration Manual.

2004. FishNet 4C. Guidelines for Protecting Aquatic Habitat and Salmon Fisheries for County Road
Maintenance.

1994. Weaver W.E. and D.K. Hagans. Handbook for Forest and Ranch Roads. Mendocino County
Resource Conservation District
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RD-1.12 STREAM CROSSING INSTALLATION

DESCRIPTION

During road building, the construction of culverted stream crossings has the greatest potential of all
activities to cause immediate sediment pollution. Culverts should be properly aligned, bedded, backfilled
and covered, or they will be subject to eventual failure. In all cases, disturbance to the stream banks and
streambed should be minimized during stream crossing construction.

BEST MANAGEMENT PRACTICES

Culverts should be aligned with the natural stream channel. Correct alignment is critical for the
culvert to function properly. Misalignment can result in bank erosion and debris plugging problems
(Figure 69a).

Stream crossing culverts should be placed at the base of the fill, and at the grade of the original
streambed (Figure 1) (Figure 69d).

Culvert should be inset slightly into the natural streambed so that water drops several inches as it
enters the pipe. Culvert inlets set too low can plug with debris and those set too high can allow water
to undercut the culvert (Figure 69b). Culverts placed midway up the outside of the fill are more
likely to plug with sediment or organic debris, because their ability to pass materials is reduced, or to
cause erosion of the fill below the culvert outlet (Figurel).

The culvert bed may be composed of either compacted rock-free soil, or gravel. If gravel is used for
the bed, filter fabric will be needed to separate the gravel from the soil to minimize the potential for
soil piping. Bedding beneath the culvert should provide for even distribution of the load over the

length of the pipe.

Inlet and outlet of the culvert should be armored. A metal, concrete, sandbag or rock head-wall can
be constructed to prevent inlet erosion. A trash protector can be installed just upstream from the inlet
where there is a hazard of floating limbs and wood chunks plugging the culvert inlet. This is
especially important on logging roads where the upslope areas have recently been harvested or are
slated for harvesting in the future.

Stream crossings that are not at grade can be retrofitted with a downspout with rock placed at the
outlet for armoring against hillslope erosion.

Best Management Practices for Road Planning, Construction and Maintenance
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Figure 1. Typical stream crossing installation on non fish-bearing streams. From CDFG (2006).
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Figure 6%a, b. Propar culvert installation involves correct culvert orientation, setting the pipe
slightly below the bed of the original stream, and backfiliing and compacting the fill as it is placed
over the culvert. Tustalling the inlet too low in the sireambed (4) can lead to culvert plugging, yet i
it set too high (B) flow can wndercut the inlet ¢fiomAL D.SL.,1991).

Figiéi-‘e 69c. If the culvert cutlet is placed too high in the filf {G}, flow at the auffal wdercde
the fill.
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Figure 69d. Placed comectly (D}, the culvert is set siightly below the original stream, grade and prolected with armor af the infet and
outlet |

Figures 69a,b,c.d. Typical stream crossing installation. From Hagans and Weaver (1994).

Source Material for Road BMP RD-2.8 Stream Crossing Installation

2006. California Department of Fish and Game. Part X - Upslope Erosion Inventory and Sediment
Control Guidance, California Salmonid Stream Habitat Restoration Manual.

1994, Weaver W.E. and D.K. Hagans. Handbook for Forest and Ranch Roads. Mendocino County
Resource Conservation District
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RD-1.13 DRAINAGE FOR UNPAVED ROAD SURFACES

DESCRIPTION

Roads should be designed and constructed to cause minimal disruption of natural drainage patterns.
Provisions for two components of road drainage should be included in every road project: 1) road surface
drainage (including drainage which originates from the cutbank, road surface, and fillslope); and 2)
hillslope drainage (including drainage from large springs, gullies, and streams which cross the road
alignment).

BEST MANAGEMENT PRACTICES

= Maintain natural drainage patterns in watershed through installing drainage features to keep water
within sub-basins. -

= Crown or slope the road to avoid ponding or concentration of runoff. Outslope all roads where
possible and safe (see Road BMP RD-1.3,1.4 Outslope).

e  Use rolling dips instead of ditch relief culverts (DRCs) when possible (Table 1) (Figure 1). Rolling
dips require less maintenance and are less prone to failure than culverts (see Road BMP RD-1.8
Rolling Dips).

=  Disconnect road drainage features from watershed hydrology. Shorten ditch lengths to stream
crossings by installing a ditch relief culvert or rolling dip before the watercourse (see Road BMP
RD-1.11 Ditch Relief Culvert Installation).

»  In addition to installing DRCs on either approach to the stream crossings, it is also advisable to
consider installing ditch drains before curves, above and below through-cut road sections, and before
and after steep sections of the road.

= Ditches should neither be discharged directly into the inlet of a stream crossing culvert, nor should
DRCs discharge into 2 watercourse without first directing flow through an adequate filter strip.

= Culverts should be designed and installed at intervals along the road that are close enough to prevent
erosion of the ditch and at the culvert outfall. They should be installed at locations where collected
water and sediment is not discharged directly into watercourses (Table 2).

= DRCs should not be used on erosive slopes without a downspout (see Construction BMP SS-11
Slope Drain).

= In areas of high erosion and/or storm runoff, minimum ditch relief culvert sizes should be 18 inches
in diameter, and never less than 12 inches in other areas.

= A 10% grade to the culvert will usually be self cleaning. The culvert grade should also be at ieast 2%
greater than the ditch which feeds it. The culvert should be placed at a 30 degree skew to the ditch to
improve inlet efficiency and prevent plugging and erosion at the inlet.

Best Management Practices for Road Planning, Construction and Maintenance
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Stream crossings culverts and DRCs should be installed at the gradient of the original ground slope,
so it will emerge on the ground surface beyond the base of the fill. If not, either the fill below the
culvert outlet should be armored with rock, or the culvert should be fitted with an anchored
downspout to carry erosive flow past the base of the fill (Figure 2) (sce Road BMP RD1.12 Stream
Crossing Installation).

Culverts should be covered by a minimum of 1 foot of compacted soil, or a depth of 30% of its
diameter, whichever is greater.

Inlet protection, such as rock armoring or drop structures, can be used to help minimize erosion.

DRCs must be spaced frequently enough to carry ditch and road surface waters without creating
erosive concentrated flows. See attached table for spacing guidelines.

Road Upskope approach Reverse grade Depth below Depth below
grade {distance from up- (distance_ from average road average road
9% m:_xd start of rolling | trough to crest) | grade at discharge | grade at upslope
dip to wough) (ft) (& end of trough (fi) | end of trough (f)
< 55 15220 oG 03
8 65 15-20 140 a2
10 75 15-20 11 ot
12 85 20-25 12 .01
>12 160 20-25 13 n

Table 1. Table of rolling dips dimensions. From CDFG (2006).

Rolling dip

é}égé A3 = r.::::'.:':;i e

.....

Reverss grade

Figure 1. Use of rolling dips to reduce ditch erosion and surface runoff, Rolling dips must drain the road surface
and be driveable for the expected traffic. From CDFG (2006).

Best Management Practices for Road Planning, Construction and Maintenance
Page 2



WATER RESOURCE PROTECTION PLAN (WRPP} ~ NorthPoint Consulting

Poor

Cross sections of typical installations

OK

Best

Figure 2. Typical ditch relief culvert installation. From CDFG (2002).
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Table 2. Maximum suggested spacing for ditch relief culverts’ (ft)

Soil credibility

Road grade (%)

very high high moderate slight very low
2 600-8002
4 530 600-8002
6 355 585 600-800°
8 265 425 525 600-8002
10 160 340 420 555
12 180 285 350 460 600-8002
14 155 245 300 365 560
16 135 215 270 345 490
18 118 180 240 310 435

Adapted from Transportation Handbook USDA Forest Service, R-6, 1966, Culvert spacing may be too great in locations
where ditch runoff is accumulated and discharged onto steep hillslopes that are prone to gullying. Spacing is designed to
control ditch erosion, not culvert outfall erosion, and are based on 23-year storm and precipitation rate of 1-2 in/hr for 15
minutes. If less, multiply by the intensity 0.50, 030, etc. If 2-3 in'hr, divide distance in table by 1.50; if3 -4 in/hr, divide by,
1.75; and if 4-5 in/hr, divide by 2.00. The U.S. Forest Service also publishes abundant information on preventing and
controlling gully erosion below culvert outfalls. From Hugans and Weaver (1994).

2Even with stable ditches, ditch relief culvert spacing greater than about 600 to 800 feet is generally not recommended due
to the large volume of road surface and cutslope runoff that would be discharged through the culvert and onto lower slopes
during peak runqff periods. Culvert outlet erosion may occur with less than 800 feet of contributing ditch line, so observe
local conditions to determine the upper limit of acceptable spacing in your area.

Source Material for Road BMP RD-1.3 Road Drainage for Unpaved Road Surface

2006. California Department of Fish and Game. Part X - Upslope Erosion Inventory and Sediment
Control Guidance, California Salmonid Stream Habitat Restoration Manual.

1994. Weaver W.E. and D.K. Hagans. Handbook for Forest and Ranch Roads. Mendocino County
Resource Conservation District
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RD-1.14 ROAD SURFACE UPGRADE

DESCRIPTION

The road surface can be a big source of stream sediment. In some watersheds, it may be the primary
source of accelerated (human-caused) erosion and sediment yield from the road system. Proper road
construction and surfacing can significantly reduce this source of fine sediment. Permanent roads that are
to be used for winter and wet weather hauling, including ranch roads and roads used for commercial
hauling of forest products, need to be surfaced to improve trafficability and reduce erosion. Roads which
receive heavy use should be inspected regularly to discover early signs of damage. Serious damage to
road surfaces usually begins with the build up of thick (1-4 inch) accumulations of dry dust during the
summer, or excess water (and mud) during the winter. Standing water is a sign of poor road drainage and
ruts indicate that road strength is deteriorating.

BEST MANAGEMENT PRACTICES
= Follow Road BMPS in RD-1.4 Road Surfacing.

= A stable and well drained subgrade is essential for a good road. The-load bearing capacity of a road
depends upon the subgrade's soil strength, drainage and compaction characteristics (Table 23).
Native material is often suitable, and can be used for the road's subgrade. Weak or wet subgrades
(soils unable to support a load by themselves) need to be strengthened by adding loose or crushed
rock or gravel to provide ballast and distribute the stress placed on the soil.

Wet, low strength soils may be stabilized by the use of synthetic fabrics (geotextiles) designed
specifically for this application. The fabric is spread over the subgrade and then covered with a layer
of rock. Water passes through the membrane, but the wet soil remains below and does not mix with
the surface aggregate. As a result, the road dries faster and the fabric spreads the wheel loading
pressures over a large surface area.

= The running surface of the road should be smooth and hard-wearing, and it should not be subject to
blowing or washing away. The most commonly used surfacing materials are angular (crushed) rock.
In the past, river-run gravel was frequently used where crushed rock was not readily available.
However, rounded material is not as well suited as long lasting surfacing material and may be
difficult to keep in-place.

= First, a "base course” of 2 to 3 inch diameter angular rock is usually dumped on the compacted
native road surface using dump trucks, spread to a uniform depth using a grader or tractor and then
compacted. The use of true compaction equipment (instead of tractors) will provide the best, longest
lasting road surface. Geotextile engineering fabrics can be used beneath the base course material if
soil conditions are wet. A finer "surface course” several inches in thickness is then spread over the
compacted base coarse material to provide a dense, smooth running surface. The resulting layers of
angular, interlocking rock will provide a low impact road surface that can be used during much of
the winter (Table 24) (Figure 1).

»  For all-weather use, angular rock should be placed to a total depth of 6-10 inches, or more, which
will then compact to a finished depth of 4 to 6 inches under normal use. Table 24 lists the volume of
aggregate needed to surface one mile of road, ranging from 10-20 feet wide, to 2 depth of 1-6 inches.
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Table 23. From Weaver and Hagans (1 994)
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MINIUM
TRUCK WIDT NI
VIOVAL ROCKS 152" OR LESS 2:7SLOPE

tNDI
PLUS ENOUGH EARTH TO SEAL LAYER

b, SURFACING

INDIVIOUAL ROCKS 2 TO 3
IKONES INSIZE

SUBGRADE LEVEL

Figure 1. Cross section diagram showing typical base-
course and surface-course application for forest and
rand roads (USDA_SCS, 1983). From Weaver and

Hagans (1994). 1. BASE COURSE PROVIDES DRAINAGE
AND VEHICLE SUPPORT

2. SURFACE COURSE PROVIDES RUNNING
SURFACE AND A WEATHER SEAL

NOTE: SURFACE WITHOUT BASE WILL NOT
STAY IN PLACE.
BOCK MUST BE SHARP ANGLED
TO PACK.

Table 24 Agpregate (wls®) required to one mile of road"
Road width (8} Depth of uncompacted rock (inches)
F ry 6" g 10" 1
10 126 652 078 1,304 1,630 1956
12 391 782 LM 1.564 1956 2348
14 456 013 1360 1,826 2282 2,738
16 3:8) 1,083 1,365 2,086 2,608 3,130
18 587 L174 1,760 2348 2934 3,520
20 652 1304 1,936 2,608 3.260 3012

! USDA (1978). Uncompacted, 16.3 yds' equals I inch decp by I footwide by I mile long. When aggregale &5 compacted, increase volumes
required bv 13-30%, depending on ype and gradaiion of material.
From Weaver and Hagans (1994).

Source Material for Road BMP RD-6.2 Road Surface Upgrade

1994, Weaver W.E. and D.K. Hagans. Handbook for Forest and Ranch Roads. Mendocino County
Resource Conservation District
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Page 3




WATER RESOURCE PROTECTION PLAN (WRPP) — NorthPoint Consulting

RD-1.15 ROUTING AND LOCATION

DESCRIPTION

Roads should be plotted and located by a person with some knowledge of the area to be served by the
road and of the terrain where the road is to be built. An engineer or geologist should be consulted in
routing forest system roads to identify unstable terrain and to protect aquatic resources.

LIMITATIONS

Road system layout is influenced by many factors, including topography, property lines, obstacles (rock
outcrops, unstable areas, etc), and proposed land use activities. Controls on the location of a road include
both natural features and man-made elements (Table 1).

Table 1. Some Man-Made Controls Which Affect Road Location!
Control Comment
Boundary lines limit the location of a road. Talk with adjacent landowners and work out written
right-of-way agreements to share roads and reduce road construction.
Specific Location The beginning and ending points of a road are often fixed. These represent major controls.
Safety Each class of road and level of use have specific safety requirements. Common sense should be

applied in setting speed, grades, curve radius, sight distance, and turnouts,

Roads should avoid problem areas. Allow ample room to trap sediment in a buffer before it reaches
Pollution Control a stream. Do not allow any direct discharge points where road runoff flows directly into the stream.
Avoid flood plains, landslides, credible soils, etc., as well as slopes over 40% wherever possible.
Physical limits for curve radius, road grade, pitch grade, stopping distance and separation from

Legal

Design Elements streams are set by you. Design to reduce maintenance costs and pollution potential.
Observe and maintain substantial buffers. Know what species use your streams, their habitat
Migrating Fish requirements, the susceptible periods of their life cycle, and their environmental tolerance limits.
Permiits may be needed from the Department of Fish and Game.
Approach Roads Issued by California Department of Transportation of the County for-roads connecting to public
Permits highways. Location for intersgctions may be restricted.

From Hagans and Weaver (1994). ! Adapted from USD A-SCS (1981).

BEST MANAGEMENT PRACTICES
=  [dentify and map the following conditions on the ground during the road layout process (Table 10):

o favorable topography (especially benches and low gradient areas for landings turnouts and spoil
disposal)

control points (the beginning and ending points, saddles and other sites)

obstacles (especially unstable or erodible soils, large rock outcrops and wet areas)

stream channels (including their degree of incision)

inner gorge locations

areas of steep slopes

any other obvious hazards or controls

0 0O0O0O0
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Table 18. Some natural contrals which affect road location'
Conirol Comment
Sadies Major comtpal for pead location
Pifzes Mazjor controf and often a satizFactory road site.
Stmeam: cooasings | Majar coatal. Seek Incations with gentle sifi sloges and locatious wile enmugh o acrommempixte e oad. Good
sites foc hrifges or cufverts are nealed. Evabnate S migmbary fth where needed. Wil mead Fish and Game 1603
Benrhes Ofver a good locatinn fior ond junctions, swirchharks, landfags. turmeuts, e
Cliffs er pock outcrops | Crass atove uheln_m 2t a sate ncation Bock whick can be dpged is less cosfly to nemase than hard rock
meaiing blwsting. _
Slites Majar contral. Aveid or cross at the safast paint. Ask Sor profemsions] geetechuica] aasisimre.
Wetlmmids frags, Bfajar comtrol. Zovoid wheze pussible or coss quitkly athest prim. May need Fish mwil Gome clearance.
shAms, wek arandews) ’
Valltey o ngmﬂﬁzmt,désicah!ﬁm@ﬂbﬂcaﬁwifahmﬁmﬁ}nﬂﬁm.ﬁmsmg,m&smﬂgetm:nfﬂmﬁpmnmﬁrkhy_
piliviiig Lintle exrowstion required. Fish md Fame permil may be paquined
NI Pmk-:aﬂiﬁmﬂreﬁm_znfﬂmﬁmg.mmmmﬁ:m&m:mﬁmmmemiﬁt
menders, Keep ool sbove Avodplsin Fish and Gome 03 permit meay te reguied
Slopes | 405, tue | Aol siderasting and shver Slls {bin tlankets of Gl pluced on zizep slopes) fin whick large bape meas arc
<l |ewposed to empsiom. This foose sediment many be &iffrmlt to conire] becense of long Toffees needed.
SHI%% Comsimartion. i unsivite sz sl be wobded Full henchmand ot o endhamling material mry be
yeeded vehers shopes Temain: staep alonzsiite stream chammels. Provesd anly with extrems contioe. Jnd
comstrociion oo fhese steep shopes if poasible.
mifes cemnt | Good sligmmrent and Hile excovaiion. Good drnimaze. Feor calverts required. Sdwerse grode encounterad on
Tmeven fidges. Spur ponvis will heme am adverse grale.

SAspect Mzinvemrnce EquirEments in moist climyes o be winimized by pluring rods o south-faring shopes to
promaede drying and soowr melr. In doy climates, he ozt i Aopes heve mors vezemio mid moy e fass
erasien. Extramely wet or dry climate neganes this affect.

Fork slope {dip) Plsre roads an {he killside where racks dip (slant) ime the hillside, nat moreld o oroutof e idldops.
2 gzolosist for ofher problems Fmi sduins
Guils mmmiﬁmmmmEmmmmﬂyWMMﬂaMsﬁmﬁmmm;mmmﬂm
exbemsion agents or e SU5 fur sdvice. Froces safls i spectsl care; ask fur sssistance.

From Weaver and Hagans (1994). ' Adapted from USDA-SCS (1981)

»  Identify and evaluate nearby rock outcrops for potential rock aggregate for road surfacing materials.

e Identify broad ridge crests and benches as possible locations for landings, road turnouts and spoil
disposal sites (Figure 1).

»  Locate switchback with little or no grade so that trucks and equipment can pass safely and so they
won't tear up the road surface while turning the comer and continuing up the road.

Best Management Practices for Road Planning, Construction and Maintenance
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OF L

Figure 1.. Log landings on forest road systems should be kept to the absolute minimum size necessary to
accommodate yarding, loading and hauling equipment and the minimum number needed to remove
timber resources. Landings constructed on gentle ground and broad ridge crests far removed from
siream channels are least likely to cause water guality problems, whereas landings built or steep slopes
and near watercourses can result in severe impacts. From Weaver and Hagans (1994). Adapted from
(USES, 1963).

For more information, see Handbook for Forest and Ranch Roads. Weaver and Hagans (1994) and
consult a trained engineer or geologist before construction. A trained wildlife biologist may be required to
investigate for endangered species or species of special concern. An archaeologist may occasionally be
needed to identify cultural sites that have to be avoided or mitigated before construction can begin.

Source Material for Road BMP RD-1.2 Routing and Location

1994. Weaver W.E. and D.K. Hagans. Handbook for Forest and Ranch Roads. Mendocino County
Resource Conservation District
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RD-1.16 UNDERSTANDING ROAD REMOVAL

DESCRIPTION

Approaches to removing roads may be divided into six categories: closure, abandonment, reclassification
as trail, decommissioning, conversion to trail, and obliteration (Figure 1).

REMOVAL OPTIONS
Closure

Some agencies close roads with gates, berms, or deep ditches (tank traps) as an approach to road removal
(see Road BMP RD-7.3 Road Closure). On-the-ground surveys indicate that conventional closure devices
are ineffective at stopping road use by people intent on accessing restricted areas. With an effective
device that prohibits motorized access, however, closure may reduce a road’s terrestrial impacts by
providing wildlife security. Even so, closure is an ineffective approach to removing a road, because the
road continues to disrupt natural drainage patterns, cause soil erosion, and potentially initiate mass
failures; in short, a closed road continues to impact aquatic ecosystems.

Abandenment

When a road is “abandoned.” it is no longer maintained and may or may not be driveable based on
physical conditions or the presence of vegetation. The Forest Service considers road abandonment a “no-
action treatment” (Moll 1996). Like a closed road with an effective closure device, abandoned roads that
no longer receive motorized use may reduce a road’s terrestrial impacts by providing wildlife security.
Simply discontinuing maintenance and abandoning a road, however, rarely prevents continuing and
potential hydrologic problems. The presence of vegetation may provide the false idea that the road is
recovering and is no longer problematic. Culverts can become plugged, and roads may continue to
function as surface flow paths for water. Road fills may remain unstable and susceptible to failure.
Because an abandoned road continues to impact aquatic ecosystems, abandonment is an ineffective
approach to removing a road.

Reclassification as Trail

Reclassifying a road as a trail without restoring drainage patterns and stabilizing fill materials is not an
effective approach to removing a road, especially if motorized use continues. Even if wildlife security is
improved by stopping motorized use, simply reclassifying a road as a trail does not address a road’s
aquatic impacts; this type of approach is basically the same as abandonment. If a road is changed to a
trail, it must be actively converted (see “Conversion to trail” below) by first stabilizing fill materials and
dispersing concentrated water.

Decommissioning

Decommissioning is carried out to minimize shortterm sediment production, while “storing” a road for
future use. Major treatments include removing stream crossings and stabilizing sidecast fill material. Site-
specific drainage treatments such as constructing cross road drains, removing inboard ditches, and/or
outsloping also help disperse concentrated water. Road surfaces may be mechanically scarified to
facilitate revegetation. The goal of decommissioning is to leave much of the road prism intact so the road
can be reconstructed in the future with only minimal effort. Decommissioning preserves most of the
original construction investment, while reducing road-caused erosion and avoiding maintenance and/or
repair costs. Other common terms used to indicate road removal with plans for future reconstruction

Best Management Practices for Road Planning, Construction and Maintenance
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include storm-proofing, flood-proofing, erosion-proofing, putting-to-bed, deactivation, reclamation,
hydrologic closure, hydrologic obliteration, and storage for future use. Planning for reconstruction and
leaving much of the road prism intact may result in treating a road too lightly during removal. Future
plans may change; post-decommissioning is too late to further treat the road for the long-term. Even if
decommissioning stops road-related erosion in the shortterm, it is not the same as obliterating a road
because the road is expected to be reconstructed. Even if roads may be reconstructed in the future, they
should be removed as if reconstruction will not occur.

Conversion to Trail

Converting a road to a modest walking trail can be an effective approach to removing a road if all fill
materials are stabilized before the trail is constructed. Some road-to-trail conversions are implemented by
only partially recontouring a road, which may not stabilize all fill materials. Conversion is ineffective
when ORVs are aliowed because impacts associated with motorized use continue. Though trails are less
intrusive and damaging than roads, they can cause similar impacts, such as stream sedimentation and
facilitation of non-native species invasions.

Obliteration

Obliteration involves removing a road with no plans for future reconstruction. To be most effective,
obliteration restores the original landform to the greatest extent possible. Stream crossings are removed
and slopes are recontoured. Road surfaces and fill sites are ripped to improve subsurface water flow.
Coarse woody debris placed on the recontoured road surface provides erosion protection, long-term
nutrient sources, and wildlife habitat. Revegetation is also actively carried out with native species
collected near the site. Fully obliterating roads speeds the restoration and recovery of hydrologic function,
as well as ecological and evolutionary processes. If implemented appropriately, obliteration is the most
effective approach to road removal since it addresses both terrestrial and aquatic impacts caused by roads.

Road impact How different approaches to removing roads
considerations address road impact considerations
Tlase Rbandom | Reclassifyas | Decommission | COMVESttD | Clbliberate
trail trail
Is wildlife secarity Yes* Yesilong- |Dependson | Yes® (shart- | Dependson | Yes® finogf -
impeoved? fistogt - terrm) extent of termn] extemtof | tenm)
) trail use traif use
Arc il stability e Mo Mo Yes° Ghort- | Y5 Yes*
problems fixed? term)
Is surface erasion o Mo Mo Yes® shart- | No® imuch | Yes®
controlled? 4 term} reduoed)
(Will the road be Yes o o Yes 1) o
reopened o
reconstracted?
Is motorized use Ye5 Yes junless | Yes Ho* Yes Na®
| accommeadated?® * OVETZrnWE)
Will contined Yez D Yes No® funtdl | Yis g™
maintenance and repair reconstructed)
funding be nocessary?
[* i implemented cheotvedy
** decommissioned and obliterated roads may continue to aoccommodate winter use by snowmobiles

Figure 1. From Bagley (1998).
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REMOVAL TREATMENT OPTIONS

Specific road removal treatments include removing stream crossings, constructing cross road drains,
ripping, recontouring, and outsloping. Each treatment is summarized below.

Stream Crossing

Stream crossing removal is a fundamental treatment for removing roads. When done correctly, stream
crossings are removed by excavating All fill materials and restoring the original channel and valley shape.
Simply removing culverts is not enough, because any remaining road fill will erode into the channel.
Materials excavated from stream crossings can be used to recontour road segments to their natural slope,
essentially returning fill to the location from which it was cut. Endhauling is necessary when the amount
of fill removed is greater than that needed for recontouring. Any road removal project that does not
remove stream crossings (or does not remove all fill materials) is not effective and may cause more
ecological damage by causing additional sedimentation.

Cross Road Drains

Cross road drains are deep ditches excavated across road surfaces (similar to waterbars, but more
substantial) to facilitate drainage on closed roads. They are too deep and steep to be cleared by motor
vehicles. Unless spaced frequently enough to disperse concentrated water, cross road drains may cause
erosion downslope. They must be constructed more frequently on roads with steep grades, but are not
necessary if roads are fully recontoured or outsloped steeply.

Ripping

Ripping involves decompacting road surfaces and fill sites to a depth of two to three feet. The goal is
to enhance subsurface water flow by reducing soil density and increasing porosity, infiltration, and
percolation. Ripping relatively impermeable fill sites reduces the chance of fill saturation and failure.
Some soil settling occurs since organic matter is limited in sterile road soils. Therefore, adding organic
matter to the ripped soil can greatly accelerate the recovery of hydrologic function, including both
infiltration and percolation (Luce 1997). Ripping also increases revegetation success.

Recontouring

Recontouring involves placing all fill materials back into locations where fill was removed during road
construction. Recontouring restores the original slope as much as possible, dispersing concentrated water
and greatly enhancing slope stability. Full recontouring is sometimes impossible, especially on very steep
slopes, since the sidecast material may have slid downhill out of reach. In some cases, cutslopés will be so
high and road cuts so narrow, that replaced fill material will not blend with the original undisturbed slope.
Even so, slope recontouring to the extent possible generally results in the most stable landform shape,

restores natural surface runoff patterns, and deters motorized access.

Outsloping

Outsloping involves filling inboard ditches with sidecast fill material and sloping the road surface to
disperse water to the downhill side of the road. Some sidecast fill materials remain, but saturation

and potential failure is reduced because water cannot concentrate in inboard ditches or on the road
surface. The remaining fill slope materials may still cause stability problems, especially on steep slopes.

Best Management Practices for Road Planning, Construction and Maintenance
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Source Material for Road BMP RD-7.2 Understanding Road Removal

1983. Bagley, Scott. The Road-Rippet’s Guide to Wildland Road Removal. Wildlands Center for
Preventing Roads

1994, Weaver W.E. and D.K. Hagans. Handbook for Forest and Ranch Roads. Mendocino County
Resource Conservation District
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DESCRIPTION

RD-1.17 ROAD CLOSURE

Road closure is an effective tool in managing road systems to protect private property, road systems,
water quality, and sensitive landscapes. Choosing the access conirol treatment depends on the type of
vehicle assess to be discouraged and the length of the closure (Table 1). For example, closure treatments
can to designed to discourage motorized traffic, but allow mountain biking or walking access. Closure
treatments can also be designed to permanently close a road or allow seasonal treatments. The closure
treatment chosen should reflect both the short term and long term use of the road system.

BEST MANAGEMENT PRACTICES

Closure Type

Description

Purpose Application

Blockage with On-Site Materials

Rock, logs, stumps, slash piles, posts,
water bars, tank traps, decomposition

Discourage use, economical,
dependent on-site and available
material

Vegetative Planting, Seeding

Trees, shrubs, cactus, and grass
seeding, recycled paper muich, chip
and spread slash

Discourage use, camouflage road,
speed revegetation and healing of
site, provide browse and forage

Imported Material

Fences, gates, posts, guardrails,
concrete barriers

Discourage use, lack of on-site
material or inappropriate site for
use of on-site materials

Pole Fences Wood Barriers

Onsite or imported poles, reinforce with
metal strips to deter chain-sawing

Discourage use, can be dismantied
for emergency access,
aesthetically pleasing

Closure Devices

Materials used include metal
telescoping tubing, pipe, and well
casing. Available in single lane to
double lane widths

Discourage use, allow quick easy
access, single or multiple locks,
signing

Obliteration

Re-contour road junction or entire road.

Combine with other closure treatments.
Removal of drainage structures,
bridges, and associated embankments

Eliminate travelway, return cerridor
to resource production, reduce
modifications to hydrology and
aesthetics, camouflage road

Table 1. Access Control Treatments. Adapted from US Forest Service 1996.

Source Material for Road BMP RD-7.3 Road Ciosure

1996. US Forest Service. A Guide for Road Closure and Obliteration in the Forest Service.
Technology and Development Program. Publication: 9677 1205.
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EC-1.2 CULVERT OUTLET ENERGY DISSIPATER

DESCRIPTION

An energy dissipater is a structure designed to control erosion at the outlet of a culvert or conduit by
reducing the velocity of flow and dissipating the energy (see BMP SS§-10 Outlet Protection/
Velocity Dissipation Devices).

LIMITATIONS

= Do not use this BMP below the mean high water line of any water body before obtaining appropriate
permits. Due to issues relative to Corps 404 jurisdiction sometimes energy dissipaters are not placed
below the ordinary high water mark which results in increased erosion.

= Consider other energy dissipaters such as concrete impact basins, paved outlet structures, or a half
culvert where site conditions warrant.

= Rock/riprap dissipaters may require containment in mattresses to maintain their effectiveness.

BEST MANAGEMENT PRACTICES

»  Size rock to handle high velocity storm events.
*  Key rock into sides of fillslope to prevent undercutting (Figure 1).
»  Best results are obtained when sound, durable, angular rock is used (Figure 2).

= [nspect after each significant rain for erosion and/or disruption of the rock, and repair immediately.

\ J
Figure 1. Flared outlet with rock energy dissipater. From Weber County, UT.
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NOTES:
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F FRTER MATERWAL SHALE BE FILTER FABRKS OR 8" (158mm) THICK
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ENERGY
DISSIPATOR
\_eaz. oo ' )
Figure 2.Rock energy dissipater. From 2004 Fishnet 4C. Adapted from 1994 McCullah.

Source Material for Road BMP RD-2.12 Culvert Qutlet Energy Dissipater

2004. FishNet 4C. Guidelines for Protecting Aquatic Habitat and Salmon Fisheries for County Road
Maintenance.

N/A. Weber County, Engineering Department. Ogden, Utah.

Best Management Practices for Road Planning, Construction and Maintenance
Page 2




WATER RESOURCE PROTECTION PLAN (WRPP) - NorthPoint Consulting

EC-1.3 OUTLET PROTECTION

DESCRIPTION

A rock outlet protection is a physical device composed of rock, riprap, grouted riprap, or concrete rubble
which is placed at the outlet of a pipe to prevent scour of the soil caused by high pipe flow velocities, and
to absorb flow energy to produce nonerosive velocities (see Construction BMP SS-10 Outlet Protection/
Velocity Dissipation Devices).

APPLICATIONS:

Wherever discharge velocities and energies at the outlets of culverts, conduits, or channels are
sufficient to erode the next downstream reach.

Rock outlet protection is best suited for temporary use during construction because it is usually less
expensive and easier to install than concrete aprons or an energy dissipater (Figure 1) (see Erosion
Control BMP EC-1.3 Energy Dissipater).

A sediment trap below the pipe outlet is recommended if runoff is sediment laden (Figure 2).

Permanent rock riprap protection should be designed and sized by the engineer as part of the culvert,
conduit or channel design (Figure 2).

Grouted riprap should be avoided in areas of freeze and thaw because the grout will break up.

LIMITATIONS

Large storms often wash away the rock outlet protection and leave the area susceptible to erosion.

Sediment captured by the rock outlet protection may be difficult to remove without removing the
rock.

Outlet protection may negatively impact the channel habitat in streams.

BEST MANAGEMENT PRACTICES

Size rock to handle high velocity storm events (Figure 3).
Key rock into sides of fillslope to prevent undercutting.
Best results are obtained when sound, durable, angular rock is used.

Inspect after each significant rain for erosion and/or disruption of the rock, and repair immediately.

Best Management Practices for Road Planning, Construction and Maintenance
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Pipe outiet to well
defined chonnel

Key in 6"-9"
recommended for
entire perimeter

Fitter Fabric=
SECTION A-A
Pipe Diameter Discharge Apron Length, La | HBBap Dy Diameter
inches fiz)s i S ind
5 0 4
12
10 13 6
10 10 6
20 16 g
18
30 23 12
40 26 16
30 16 B
40 2 g
b 50 26 1z
6o 30 16

Figure 1. Flared outlet with energy dissipater. From Caltrans (2003). (Adapted from USDA-SCS).
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Figure 2. Rock energy dissipater. From 2004 Fishnet 4C..A.c;ab-ted from 1994 McCullah.
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Figure 3. Rock armoring on shotgun culvert outlet. Photo Courtesy of California Department of Transportation (Caltrans).

Source Material for Road BMP RD-2.11 Qutlet Protection

2003. California Department of Transportation (CALTRANS). Storm Water Quality Handbooks —
Construction Site Best Management Practices (BMPs) Manual.

2004. FishNet 4C. Guidelines for Protecting Aquatic Habitat and Salmon Fisheries for County Road
Maintenance.
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EC-1.4 STOCKPILE MANAGEMENT

DESCRIPTION

This activity involves the selection of sites in advance of the need for long-term and short-term
stockpiling of materials for road maintenance activities and disposing of excess materials from
excavations, grading and culvert basin cleaning. The general watershed criteria for selecting any disposal
site is a site where the material will not erode into any part of the channel network, and where it will not
initiate a formerly dormant landslide. '

ENVIRONMENTAL CONCERNS

Filling wetlands with spoil material.
Discharge of sediment, debris, or organic material into the stream or storm water discharge system.

Destruction or harm to aquatic, riparian or wetland habitat, or to endangered or threatened plant and
animal species due to placement of fill material.

Surface or groundwater impacts from leachate formed in organic material disposal sites.
Damage to endangered or threatened plant species on site.

Slope stability of both the disposal site and the spoil pile.

BEST MANAGEMENT PRACTICES

Site Selection

Determine the location of existing disposal sites, potential disposal sites, and locations of significant

spoil generation along roads.

o Conduct site investigations of existing and potentially suitable disposal sites. Site investigations
should include the disposal area size, distance to watercourses, potential slope instabilities,
listed species habitat, archaeological sites, nearby residential areas, access, and other limiting
factors.

o Prepare a map'and data set indicating sites (existing and potential) with acceptable site
characteristics (see below). Prioritize acceptable sites.

o Develop site plans for sites adjacent to or near riparian areas or streams to identify erosion and
sediment control needs, and to ensure stability of the material.

Follow these acceptable site characteristics in the site election & design process:

o  Seek a stable site where sediment cannot reach the stream during any high water event.

o Avoid adjacent riparian corridors or any area within the 100-year floodplain.

o  Avoid all wetland sites as these sites are protected from disposal activities and permits
will be required and may not be granted.

o  Avoid placing spoil on unstable slopes, where the added weight could trigger a land
movement. Excessive loading of clay or silt soils could also trigger a failure.

o Use wide, stable locations such as rock pits, ridges, and benches as places to dispose of fill.
Avoid locations where ground water emerges or a thick organic layer is present. Do not leave
loose soil piled in berms alongside the road or ditch.

Best Management Practices for Road Planning, Construction and Maintenance
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o  Avoid sites with endangered or threatened plant species. Search the California Natural Diversity
Database (www.dfg.ca.gov/whdab/html/cnddb.html) for any known listed plant sites in the
area. Seek site evaluations by qualified botanists during the appropriate season before selecting
a new site.

Implementation

Locate stockpiles a minimum of 50 ft away from concentrated flows of stormwater, drainage
courses, and inlets.

Protect all stockpiles from stormwater run-on using a temporary perimeter sediment barrier such as
berms, dikes, fiber rolls, silt fences, gravel bags, or straw bale barriers.

During the rainy season, soil stockpiles should be covered or protected with soil stabilization
measures and a temporary perimeter sediment barrier at all times.

During the non-rainy season, soil stockpiles should be covered or protected with a temporary
perimeter sediment barrier prior to the onset of precipitation (Figure 1).

Apply erosion and sediment control BMPs as needed.
Place bagged materials on pallets and under cover.

Implement wind erosion control practices as appropriate on all stockpiled material. For
specific information.

The performance of erosion control BMPs should be monitored routinely during construction,

especially during and after storm events. BMPs should be maintained or upgraded as needed.

Manage stockpiles of contaminated soil in accordance with State and Federal Regulations.

Avoid sidecasting of soil in all cases where it could be delivered into a watercourse, riparian area,
roadside ditch or storm drain. Do not sidecast outside of the landowner right-of-way without
landowner’s permission. In some instances, under the following guidelines (See Table 1), sidecasting
is allowable given remote distances from spoils storage sites. In these cases, the setback distance
required depends on slope and vegetation. The presence of vegetation helps to slow the travel of
sediment downslope, so good judgment is needed to assess the situation. Do not sidecast at all if the
slope is sparsely vegetated and it appears that sediment will travel with rain runoff into a stream or
estuary system, even if setback distances are applied. On slopes of 5:1 (20% gradient) or less,
sidecasting is allowed beyond 150 feet of a watercourse, stream crossing, riparian area, roadside
ditch or storm drain. On 2:1 slopes (50%) or less, sidecasting is allowed beyond 300 feet of a
watercourse, stream crossing, riparian area, roadside ditch or storm drain. On slopes greater than 2:1,
typically sidecasting is not recommended, however there may be rare instances on slopes greater than
2:1 where sidecasting is acceptable given very long distances from waterbodies and good vegetative
cover. Seek advice from local fisheries agency staff when in doubt. Avoid concentrating sidecasting
repeatedly in the same place. Never sidecast large amounts of soil from major landslides.

Best Management Practices for Road Planning, Construction and Maintenance
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SLOPE DISTANCE FROM SIDECASTING RULE
GRADIENT | WATERCOURSE,
STREAM CROSSING,
RIPARTAN AREA,
{ ROADSIDE DITCH,
STORM DRAIN
Any slope Appears that sediment will
travel with rajwwater tato
waterconrse. Not sllowed
5:1 { 20%0) or less 150 feet or more Allowed psing good
judgment
2-1 (50%6) ar Iess 300 feet or more | Allowed using good
judgmeat
Greater than 2:1 Vegetated slope chmg distance
(350%) | from watescourse
Allowed
Sparsely vegetated slope and it
Greater than 2:1 appears that sediment will tavel | Not allowed
(507%a) with rain into watercourse

Table 1. Sidecasting BMP. From FishNet 4C (2004).

Figure 1. Stock piles should be covered with erosion and sediment conirol BMPs employed to keep
sediment on site. From Caltrans (2003).

Source Material for Road BMP RD-2.16 Stockpile Management

2003. California Department of Transportation (CALTRANS). Storm Water Quality Handbooks —
Construction Site Best Management Practices (BMPs) Manual.

2004. FishNet 4C. Guidelines for Protecting Aquatic Habitat and Salmon Fisheries for County Road
Maintenance.
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Straw Mulch Iss.ﬂ

Standard Symbo!

BMP Objectives
@ Soil Stabilization
© Sediment Control
o Tracking Control
e Wind Erosion Control
o Non-Storm Water Management
o Materials and Waste Management

Definition and Straw mulch consists of placing a uniformn layer of straw and incorporating it into
Purpose the soil with a studded roller or anchoring it with a stabilizing emulsion. This is
one of five temporary soil stabilization alternatives to consider.

Appropriate ® Straw mulch is typically used for soil stabilization as a temporary surface
Applications cover on disturbed areas until soils can be prepared for revegetation and
permanent vegetation is established.

@ Also typically used in combination with temporary and/or permanent seeding
strategies to enhance plant establishment.

Limitations = Availability of erosion control contractors and straw may be limited prior to
the rainy season due to high demand.

@ There is a potential for introduction of weed-seed and unwanted plant
material.

B When straw blowers are used to apply straw mulch, the treatment areas must
be within 45 m (150 ft) of a road or surface capable of supporting trucks.

®m Straw mulch applied by hand is more time intensive and potentiatly costly.
® May have to be removed prior to permanent seeding or soil stabilization.

@ “Punching™ of straw does not work in sandy soils.

Best Management Practices for Construction
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Straw Mulich ss-ﬂ

Standards and ® Straw shall be derived from wheat, rice, or barley.

Specifications . o )
#  All materials shall conform to Standard Specifications Sections 20-2.06,

20-2.07 and 20-2.11.

® A tackifier is the preferred method for anchoring straw mulch to the soil on
slopes.

m Crimping, punch roller-type rollers, or track-walking may also be used to
incorporate straw mulch into the soil on slopes. Track walking shall only be
used where other methods are impractical.

® Avoid placing straw onto the traveled way, sidewalks, lined drainage
channels, sound walls, and existing vegetation,

m Straw mulch with tackifier shall not be applied during or immediately before
rainfall.

Application Procedures

®  Apply loose straw at a minimum rate of 3,570 kg/ha (4,000 Ib/ac), or as
indicated in the project’s special provisions, either by machine or by hand
distribution.

@ Ifstabilizing emulsion will be used to anchor the straw mulch in licu of
incorporation, roughen embankment or fill areas by rolling with a crimping or
punching-type roller or by track walking before placing the straw mulch.
Track walking should only be used where rolling is impractical.

s The straw mulch must be evenly distributed on the soil surface.

@ Anchor the mulch in place by using a tackifier or by “punching” it into the
soil mechanically (incorporating).

m A tackifier acts to glue the straw fibers together and to the soil surface. The
tackifier shall be selected based on longevity and ability to hold the fibers in
place.

B A tackifier is typically applied at a rate of 140 kg/ha (125 Ib/ac). In windy
conditions, the rates are typically 200 kg/ha (178 Ib/ac).

@ Methods for holding the straw mulch in place depend upon the slope

steepness, accessibility, soil conditions and longevity. If the selected method
is incorporation of straw mulch into the soil, then do as follows:

—  Applying and incorporating straw shall follow the requirements in
Standard Specifications Section 20-3.03.

—  Onsmall areas, a spade or shovel can be used.

Best Management Practices for Construction
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Straw Mulch ss-el

—  On slopes with soils, which are stable enough and of sufficient gradient
to safely support construction equipment without contributing to
compaction and instability problems, straw can be “punched” into the
ground using a knife-blade roller or a straight bladed coulter, known
comumercially as a “crimper.”

—  Onsmall areas and/or steep slopes, straw can also be held in place using
plastic netting or jute. The netting shall be held in place using 11 gauge
wire staples, geotextile pins or wooden stakes. Refer to BMP S8-7,
“Geotextiles, Plastic Covers and Erosion Control Blankets/Mats.”

Maintenance and The key consideration in Maintenance and Inspection is that the straw needs
Inspections to last long enough to achieve erosion control objectives.

& Maintain an unbroken, temporary mulched ground cover while DSAs are
non-active. Repair any damaged ground cover and re-mulch exposed areas.

® Reapplication of straw mulch and tackifier may be required by the Resident
Engineer (RE) to maintain effective soil stabilization over disturbed areas and

slopes.

m After any rainfall event, the Contractor is responsible for maintaining all
slopes to prevent erosion.

Source Material for Construction BMP SS-6

2003. State of California Department of Transportation. Caltrans Storm Water
Quality Handbook Construction Site BMP Manual.
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Geotextiles, Mats, Plastic Covers @
and Erosion Control Blankets

Definition and
Purpose

Appropriate
Applications

Standard Symbol

BMP Objectives
@ Soll Stabilization
O Sediment Control
© Tracking Control
@ Wind Erosion Control
o Non-Storm Water Management
o Materials and Waste Management

This Best Management Practice (BMP) involves the placement of geotextiles,
mats, plastic covers, or erosion control blankets to stabilize disturbed soil areas
and protect soils from erosion by wind or water. This is one of five temporary
soil stabilization alternatives to consider.

These measures are used when disturbed soils may be particularly difTicult to
stabilize. including the following situations:

Steep slopes, generally steeper than 1:3 (V:H).

Slopes where the erosion potential is high.

Slopes and disturbed soils where mulch must be anchored.
Disturbed areas where plants are siow to develop.
Channels with flows exceeding 1.0 m/s (3.3 ft/s).
Channels to be vegetated.

Stockpiles.

Stopes adjacent to water bodies of Environmentally Sensitive Areas (ESAs).

Best Management Practices for Construction
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Geotextiles, Mats, Plastic Covers
and Erosion’Contr,ol Blankets E

Limitations

Standards and
Specifications

m Blankets and mats are more expensive than other erosion control measures,
due to labor and material costs. This usually limits their application to areas
inaccessible to hydraulic equipment, or where other measures are not
applicable, such as channels.

® Blankets and mats are generally not suitable for excessively rocky sites, or
areas where the final vegetation will be mowed (since staples and netting can
catch in mowers).

m Blankets and mats must be removed and disposed of prior to application of
permanent soil stabilization measures.

m Plastic sheeting is easily vandalized, easily torn, photodegradable, and must
be disposed of at a landfill.

m  Plastic results in 100% runoff, which may cause serious erosion problems in
the areas receiving the increased flow,

m The use of plastic shall be limited to covering stockpiles, or very small graded
areas for short periods of time (such as through one imminent storm event),
until alternative measures, such as seeding and mulching, may be installed.

E Geotextiles, mats, plastic covers, and erosion conirol covers have maximum
flow rate limitations; consult the manufacturer for proper selection.

Material Selection

There are many types of erosion control blankets and mats, and selection of the
appropriate type shall be based on the specific type of application and site
conditions. Selection(s) made by the Contractor must be approved by the
Resident Engineer (RE); certification of compliance shall be in accordance with
Standard Specifications Section 6-1.07.

Site Preparation

® Proper site preparation is essential to ensure complete contact of the blanket
or matting with the soil.

m Grade and shape the area of installation.

® Remove all rocks, clods. vegetation or other obstructions so that the installed
blankets or mats will have complete, direct contact with the soil.

m Prepare seedbed by loosening 50 mm (2 in) to 75 mm (3 in) of topsoil.

Seeding

Seed the area belore blanket installation lor erosion control and revegetation.
Seeding after mal installation is often specitied for turf reinforcement application.
When seeding prior to blanket installation, all check slots and other areas
disturbed during installation must be re-seeded. Where soil filling is specified,
seed the matting and the entire disturbed area after installation and prior to fiiling
the mat with soil.

Best Management Practices for Construction
Page 2



WATER RESOURCE PROTECTION PLAN (WRPP) - NorthPoint Consulting

Geotextiles, Mats, Plastic Covers
and Erosion Contr,ol Blankets

Maintenance and Areas treated with temporary soil stabilization shall be inspected as specified in
Inspection the special provisions. Aseas treated with temporary soil stabilization shall be
maintained to provide adequate erosion control. Temporary soil stabilization
shall be reapplied or replaced on exposed soils when area becomes exposed or
exhibits visible erosion.

® All blankets and mats shall be inspected periodically after installation.

m Installation shall be inspected after significant rain storms to check for
erosion and undermining. Any faitures shall be repaired immediately.

m  [f washout or breakage occurs, re-install the material after repairing the
damage to the slope or channel.

Source Material for Construction BMP SS-7 Geotextiles, Mats, Plastic Covers
and Erosion Conftrol Blankets :

2003. State of California Department of Transportation. Caltrans Storm Water
Quality Handbook Construction Site BMP Manual.
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Outlet Protection/Velocity Iss-1 o|
Dissipation Devices

Standard Symbol

BMP Objectives
@ Soil Stabilization
@ Sediment Control
O Tracking Control
© Wind Erosion Control
o Non-Storm Water Management
o Materials and Waste Management

Definition and These devices are placed at pipe outlets to prevent scour and reduce the velocity
Purpose and/or energy of storm water flows.

Appropriate = These devices may be used at the following locations:
Applications

—  OQutlets of pipes, drains, culverts, slope drains, diversion ditches, swales,
conduits or channels.

~  Outlets located at the bottom of mild to steep slopes.

—  Discharge outlets that carry continuous flows of water.

—  Outlets subject to short, intense flows of water, such as flash floods.

—  DPoints where lined conveyances discharge to unlined conveyances.

® This BMP may be implemented on a project-by-project basis with other
BMPs when determined necessary and feasible by the Resident Engineer
(RE).

Loose rock may have stones washed away during high flows.

Limitations
@ Grouted riprap may break up in areas of freeze and thaw.

® [fthere is not adequate drainage, and water builds up behind grouted riprap, it
may cause the grouted riprap to break up due to the resulting hydrostatic
pressure.

Best Management Practices for Construction
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Outlet Protection/Velocity ss-1§|
Dissipation Devices

Standards and
Specifications

Maintenance and
Inspection

There are many types of energy dissipaters, with rock being the cne that is
represented in the figure on Page 3. Please note that this is only one example
and the RE may approve other types of devices proposed by the contractor.

Install riprap, grouted riprap, or concrete apron at selected outlet. Riprap
aprons are best suited for temporary use during construction.

Carefully place riprap to avoid damaging the filter fabric.
For proper operation of apron:

—  Align apron with receiving stream and keep straight throughout its
length. If a curve is needed to fit site conditions, place it in upper section
of apron. '

—  Ifsize of apron riprap is large, protect underlying filter fabric with a
gravel blanket. -

Outlets on slopes steeper than 10% shall have additional protection.

Inspect temporary measures prior to the rainy season, after rainfall events,
and regularly (approximately once per week) during the rainy season.

Inspect apron for displacement of the riprap and/or damage to the underlying
fabric. Repair fabric and replace riprap that has washed away.

Inspect for scour beneath the riprap and around the outlet. Repair damage to
slopes or underlying filter fabric immediately.

Temporary devices shall be completely removed as soon as the surrounding
drainage area has been stabilized, or at the completion of construction.

Best Management Practices for Construction
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Outlet Protection/Velocity ss-1§|
Dissipation Devices

Al

1.2 W (min)

Pipe outlet to well
defined channei

PLAN VIEW
NTS

Key in 150-230 mm,
(6~9 in.) recommended
for entire perimeter.

1.5 dia. rock
e _[ (max), placed
I.I —I]!:}HT at 150 mm

v § min. depth

Filter Fabric

SECTION A—A
NTS
Pipe Diameter Discharge Apron Length, La Rip Rap
mm m¥s m Dy, Diameter Min
mm
300 0.14 3 100
0.28 4 150
450 0.28 3 150
0.57 5 200
0.85 7 300
1.13 8 400
600 0.85 5 200
1.13 8 200
142 8 300
1.70 9 400

For larger or higher flows, consult a Registered Civil Engineer
Source: USDA - SCS

Source Material for Construction BMP §$S-10 Outlet Protection

2003. State of California Department of Transportation. Caltrans Storm Water
Quality Handbook Construction Site BMP Manual.
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Slope Drains : SS-1 1|

Standard Symbol

BMP Qbjectives
@ Sgil Stabilization
o Sediment Control
© Tracking Cantral
o Wind Erosian Control
o Non-Storm Water Management
o Materials and Waste Management

Definition and A slope drain is a pipe used to intercept and direct surface runoff or groundwater
Purpose intoa stabilized watercourse, trapping device or stabilized area. Slope drains are
used with lined ditches to intercept and direct surface flow away from slope areas

to protect cut or fill slopes.

Appropriate ® Slope drains may be used on construction sites where slopes may be eroded
Applications by surface runoff.
s This BMP may be implemented on a project-by-project basis with other
BMPs when determined necessary and feasible by the Resident Engineer
(RE).

Limitations ® Severe erosion may result when slope drains fail by overtopping, piping, or
pipe separation.

Standards and ® When using slope drains, limit drainage area to 4 ha (10 ac) per pipe. For
Specifications larger areas, use a rock-lined channel or a series of pipes.

® Maximum slope generally limited to 1:2 (V:H), as energy dissipation below
steeper slopes is difficult.

® Direct surface runoff to slope drains with interceptor dikes. See BMP S8-8,
“Earth Dikes/Drainage Swales, and Lined Ditches.”

& Slope drains can be placed on or buried underneath the slope surface.
s Recommended materials are PVC, ABS, or comparable pipe.

@ When installing slope drains:

- Install slope drains perpendicular to slope contours.

Best Management Practices for Construction
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Slope Drains SS-11

Maintenance and
Inspection

~  Compact soil around and under entrance, outlet, and along length of
pipe.

—  Securely anchor and stabilize pipe and appurtenances into soil.
—  Check to ensure that pipe connections are water tight.

—  Protect area around inlet with filter cloth. Protect outlet with riprap or
other energy dissipation device. For high energy discharges, reinforce
riprap with concrete or use reinforced concrete device.

—  Protect inlet and outlet of slope drains; use standard flared end section at
entrance and exit for pipe slope drains 300 mm (12in) and larger.

Inspect before and after each rain storm, and twice monthly until the tributary
drainage area has been stabilized. Follow routine inspection procedures for
inlets thereafter.

Inspect outlet for erosion and downstream scour. [f eroded, repair damage
and install additional energy dissipation measures. If downstream scour is
occurting, it may be necessary to reduce flows being discharged into the
channel unless other preventative measures are implemented.

Inspect slope drainage for accumulations of debris and sediment.

Remove built-up sediment from entrances, outlets, and within drains as
required.

Make sure water is not ponding onto inappropriate areas (e.g., active traffic
lanes, material storage areas, etc.).

Best Management Practices for Construction
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Slope Drains SS-1 1|

Earthen dike
(compacted)

Waterproof seal,
Typical @ joints

v | b+ 300 mm
Riprap i

i D
N \
V7
Flared end X 7 R
section !

Flared end section

Securely anchored
] to slepe.

1.2

L

Geotextile fabric

TYPICAL SLOPE DRAIN
NOT TC SCALE

Source Material for Construction BMP S$S-11 Slope Drains

2003. State of California Department of Transportation. Caltrans Storm Water
Quality Handbook Construction Site BMP Manual.
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RoAD BMP RESOURCES

DESCRIPTION

Listed below are some of the resource materials for Road BMPs that are available for landowners.

2006, California Department of Fish and Game. Part X - Upslope Erosion Inventory and
Sediment Control Guidance, California Salmonid Stream Habitat Restoration Manual.

Available at:

California Department of Fish and Game

Inland Fisheries Division

ATTN: Salmonid Habitat Restoration Coordinator

1416 Ninth Street, Sacramento, CA 95814 (916) 654-5997
or

www.dfg.ca.gov/fish/resources/habitatmanual asp

2003. California Department of Transportation (CALTRANS). Storm Water Quality
Handbooks — Construction Site Best Management Practices (BMPs) Manual.

Available at:
www.dot.ca.gov/ha/construc/stormwater/CSBMPM_303_Final.pdf

2009. California Stormwater Quality Association (CASQA). California Stormwater BMP
Handbook.

Available at:

California Stormwater Quality Association
PO Box 2105

Menlo Park, CA 94026

or

www.cabmphandbooks.com

2004. FishNet 4C. Guidelines for Protecting Aquatic Habitat and Salmon Fisheries for County
Road Maintenance.

Available at:
3820 Cypress Dr., Suite 11
Petaluma, CA 94954 Phone: 707.762.1336

or

http://fishnet.marin.org/projects_roads_manual.html
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2002. Five Counties Salmon Conservation Program. A Water Quality and Stream Habitat
Protection Manual for County Read Maintenance.

Available at:
www.Scounties.org/Projects/FinalGeneralProjectPages/RoadsManual800.htm

1996. US Forest Service. A Guide for Road Closure and Obliteration In the Forest Service.
Technology and Development Program. Publication: 9677 1208.

Available at:

www.fs.fed.us/eng/pubs/pdfimage/96771205.pdf

2014. Weaver W.E., Wepner E. and Hagans D.K. Handbook for Forest, Ranch, and Rural
Roads. Mendocino County Resource Conservation District.

Available at:
Mendocino County Resource Conservation District
404 Orchard Avenue, Ukiah, CA 95482 (707) 468-9223

Or
http://mered.org/wp-content/ uploads/Handbook for Forest Ranch&Rural Roads.pdf
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Appendix E: References

1. Humboldt County Web GIS. (2018, May). Humboldt County Planning and
Building Department. Retrieved from
http://webgis.co.humboldt.ca.us/HCEGIS2.0/

2. State of California, Department of Forestry and Fire Protection. (2018,
January). California Forest Practice Rules: Title 14, California code of
regulations, chapters 4, 4.5 and 10 with the Z'Berg Nejedley Forest Practice
Act, the Professional Foresters law, and the Registration of Professional
Foresters Rules. Sacramento, CA: The California Department of Forestry and
Fire Protection.

3. California Natural Diversity Database (CNDDB) Maps and Data. (2018).
California Department of Fish and Wildlife. Retrieved from
https://www.wildlife.ca.gov/Data/CNDDB/Maps-and-Data#43018408-
cnddb-in-bios

4. State of California, North Coast Regional Water Quality Control Board.
(2015, August). Order No. R1-2015-0023: Waiver of Waste Discharge
Requirements and General Water Quality Certification. Retrieved from
https://www.waterboards.ca.gov/northcoast/board decisions/adopted ord
ers/pdf/2015/15 0023 Cannabis Order.pdf

5. State of California, State Water Resources Control Board. (2017, October).
Cannabis Cultivation Policy: Principles and Guidelines for Cannabis
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https://www.waterboards.ca.gov/board decisions/adopted orders/resoluti
ons/2017/final cannabis policy with att a.pdf
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Waiver of Waste Discharge Requirements for Discharges of Waste Associated
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7. State of California, California Department of Transportation, Division of
Environmental Analysis, Stormwater Program. (2017, May). CTSW-RT-17-
314.18.1: Construction Site Best Management Practices (BMP) Manual.
Retrieved from http://www.dot.ca.gov/hg/construc/stormwater/CSBMP-
May-2017-Final.pdf

8. Weaver, W.E., Weppner, E.M. and Hagans, D.K. (2015, April). Handbook for
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