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INTRODUCTION

This design manual establishes procedures for planning and
design of storm drainage and flood control systems and erosion
control facilities. Procedures defined herein have bheen
developed specifically for application in the community of
Mammoth Lakes and to comply with applicable county regulations.
Requirements for project review and procedures for issuance of
applicable grading and building permits are specified in the
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CHAPTER 1

RUNOFF CALCULATION PROCFEDURES

This chapter describes the calculation procedures to be
used for determining design flows for flood control and storm
drainage systems and erosion control facilities. Two separate
calculation procedures are applicable to the Mammoth Lakes area.
Descriptions of the two procedures, their applicability, and
sample calculations using the procedures are presented below.
The method to be used for calculating runoff hydrographs for the
design of storage facilities is also presented.

EXCEEDENCE INTERVALS FOR DESIGN

Table 1-1 gives the appropriate exceedence intervals {return
periods) for use in the design of storm drainage and erosion
control facilities. In all cases, the storm drainage system
shall be sized to carry 100-year peak flows without damage to
persons or property. Individual facilities in the system may
have lower exceedence intervals, but should be designed to
overflow to another portion of the storm drainage system when
their capacity is exceeded.

For example, the appropriate exceedence interval for the
design of a 24-inch storm drain in a street from Table 1-1 is 20
years. During a larger storm, the storm drain would overflow to
the street. The capacity of the street, curb and gutter,and
storm drain should be adequate to carry the 100~-year peak flow
without flooding adjacent property. The exceedence intervals
given in Table 1-1 shall be used in Procedures A and B for
runoff calculations described below.

PROCEDURE A

Runoff Procedure A applies to the design of all improvements
in Area A as shown on Figure 1~1. 1In addition, it applies to
undeveloped areas of 1,600 acres or less and all developed areas
within Area B. The procedure is a form of the rational method.
A step-by-step description of Procedure A is presented below,
and a sample calculation for a drainage subarea follows the
description.



Table 1-1. Exceedence Intervals for Design

1-2

Type of facility

e s b i

Exceedence
interval, years

aiVQrsié§ dikes on gslopes
Runoff interceptor ditches on slope terrace
Temporary straw bale sediment barrviers
Temporary filter berms and filter inlets
Temporary siltation berms?
Temporary flexible downdrains
Chutes and flumes
Storm drainage inlets
Curb and qutter
Stomm drains in streets
less than 48 inches in diameter
Greater than or equal to 48 inches in diameter
Open channels and stomm drains not in streets
less than 50 cfg capacity
Greater than 50 cfs capacity
Roadside drainage ditches
Slotted drains
Culverts
Infiltration facilities in parking lotsb
Pry wellsb

Permanent sediment retention or flow detention basinsC

Temporary sediment retention basingC

50
20
5
5
5
10
100
20

10

50
109

20
20
100
20
20

6, 50, 100

bt et A s s

SThe Z4-hour precipitation volume shall be used to compute storage volume

required,

Brhe facilities shall provide for retention of the tne-hour precipitation

volume for this exceedence interval,

“Submit caloulations to County Public Works Director for rev

isw for all

three excesdence intervale, {(Bee text in this chapter for procedure to

calculate runoff hydrograph. }
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Procedure Outline

Follow thege steps to calculate the peak runoff using
Procedure A, The Watershed Time of Concentration Form ang
a Storm Drainage Flow Calculation Form, as shown a2t the
end of Chapter 1, should be completed using the results of
these steps. Blank forms are available from the Mono County
Department of Public Works,

i. Determine the appropriate exceedence interval from
Tapble 1-1,

2. Lay out the natural drainage patterns and the proposed
drainage system on a topographic map of the tributary
area. A scale of 1 inch = 20 feet and contour intervals
of 1 foot should be used for the mapping.

3. Determine the tributary acreage (A) from topographic
mapping. :

4. Measure the overland flow distance (Lo} from the most
remote point in the drainage basin to the point where
runoff from that point enters a defined open channel,
gutter, or pipe.

5. Determine the overland flow slope (So) by dividing the
change in overland flow elevation (between the mosgt
remote point in the basin and the place where the runoff
enters a defined channel, pipe, or gutter) by the
overland flow distance, Lo.

6. Determine the overland flow component of the time of

concentration {(tce) from Figure 1-2 for both winter and
summer storms,

7. Determine the length of channel (Lg) between the point
where flow entergs a defined channel or pipe and the
lowest point in the basin.

8. Determine the channel slope by dividing the change in
elevation in the channel by Le.

9. Determine the channel component of the time of
concentration {tecc) from Figure 1-3,

10. Find the total time of concentration, te = too + teo,
Note that Steps 3 through 9 may need to bhe checked for
more than one point to determine the drainage path
which has the longest to. 1£ the resulting total time
of concentration, te, is less than 0.25% hour, 9.25 nocur
should be used as the te¢ in the following steps,
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Table 1-2. "C" Pactors for Use in Procedure A

Type of area or surface Coefficient, C
Roofs 0.90
Paving, asphaltic or concrete 0.90
Aggregate driveways and walks 0.80
Corporation vards, unpaved 0.75
Landscaped, open, or undeveloped areas Cn

17. Calculate the peak runoff for winter and summer storms
using the equation:

Q= (1.008) (p) (C) (P)

Where: Q = peak runcff, cfs
A = total basin tributary area, acres
C = weighted coefficient of runcff
for winter or summer storm
P = precipitation intensity for winter or

summer storm, inches/hour

18. Choose the largest of the calculated peak flows (winter
or summer storm) as the design Q.

Sample Calculation

The following example illustrates the use of Procedure A to
calculate peak runoff rates.

1. Assumed Basin Characteristics:

& A = 230 acres

b, Lo = 2,500 feet

¢. S0 = 0,05 foot/foot

d. Lc = 250 feet, unimproved

e. B¢ = 0,02 foot/foot

£. 10 percent paved; 2 percent roofs;

88 percent natural
g. "B" soils

2. FProcedure:

a, Calculate tco: Lo/So = 50,000

From Pigure 1-2:

Winter teco = 1.34 hours (unpaved, unplowed)
Summer too = 0,72 hour {unpaved)

S




£,

[

]

Calculate teo:
From Figure 1-3: tcc = 0.26 hour
Find time of concentrations:

Winter te
Summer to

1.60 hours
J.98 houyr

H o

Find one hour precipitation ang precipitation
intensities for the time of concentration from
Figures 1-4 and 1-5 for the appropriate exceedence
interval. Assume design is for stornm drain in
street--use 20-year exceedence interval.

Winter: P (1 hour) = 0.9 inch:
P (1.6 hours) = 0.8 inch/hour
Summer: {1 hour) = 0.9 inch;
(0.98 hour) = 0.9 inch/hour

g

Find Cn from Figures 1-6, 1-7, and 1-8:

Winter

RF = (.45

RR = (.85

NF = 0.90

Cn = {0.45){@.85){9,90) = {}, 34
Summer

RF = (.22

RR = 0.8%

NR = (.90

Cn = {0.22){0.85}{0.993 = 0.17

Find weighted average runoff coefficient, C

Coeffivient
Fraction of
Surface total area Winter Summer
Paved 8.10 0.9 0.9
RBoofg 0.02 0.9 0.9
Natural .88 9.34 .17

Winter = (0.1} (0.9 + 10,02 (0.3} + (0.88; (0,24

Summer

P
o I
0
Bl
Py ek
s

(G.9) + (0.02) (0.9} + (0.88: (0.17)



o
]
2

i-15

g. Find peak flow:
O Winter = (1.008) (0.41)(0.8)(230) = 76.0 cfs
G Summer = (1.008) (0.26)(0.9)(230) = 54.3 cfs
Q Design = 76,0 cfs

Design of Drainage Facilities

Where a storm drainage system is composed of a number of
elements which hava different design exceedence intervals,
gseveral flow calculaticns will have to be performed, For
example, a typical drainage system might inecliude a standard
street cross-section, curb and gutter, inlets with grates, and
storm drainage pipe. FProm Table 1-1, the reguirements For
design exceedence interval are as follows:

Entire system 100 years
Curb and gutter 10 years
Drain inlets 20 years
Storm drain pipe 20 or 50 vears depending on size

In some cases, the hydraulic capacity of the street szection may
not be adequate to convey the difference between the 20- or
50-yvear event for which the pipe is designed and the 100-year
event for which the system must be designed. 1iIn these cases,
the pipe size should be increased to provide the reguired total
capacity. The spacing of inlets to the pipe should also be
decreased to convey the increased capacity to the pipe.

Although Procedure A can be applied to drainages which have
poth developed and undeveloped areas, care should be taken to
avoid using times of concentraticn based on flow in undeveloped
areas for calculating peak runoff from a developed area when
the two aveas are relatively distinct. For example, congidev
a watershed which is approximately 60 percent developed and
40 percent natural. The time of concentration in the natural
area would probably be c¢onsiderably longer than that for the
developed area, Use of this longer time of concentration will
give lower design precipitation intensities than would be used
if the developed area were congidered separately. In thiz case,
the calculated flow could be lower than the peak flow that would
be calculated if the two areas were gsegregated into individual
drainages and the peak flows combined. This wounld result in
undersized Ffacilitieg for the developed area. Where doubt
exists as to whether %o separate areas inte individual
drainages, the peak flow should be calculated both ways and the
larger of the two resulbs used.

Fiows from one or more drainages should be combined using
the following steps:

1. Calculste the time of concentrastion for the uppsrmost
watershed and the corresponding design flow.



2. At the first Jjunction of two watersheds moving
downstream, determine which one has the longer time of
concentration. Add the design flow from this watershed
to the flow calculated for the sscond watershed using
the longer time of concentration. This gives the design
flow at the first junction.

3. At the next junction downstream, determine the time of
concentration by adding the travel time in the channel
or pipe between the two junctions to the time of
concentration used for design from Step 2. Calculate
the flow by adding the original design flow from the
uppermost watershed to new flows calculated for each of
the other watersheds tributary to the junction using the
time of concentration at the junction.

4. Continue downstream, calculating the time of concentra-
tion at each junction by adding the travel time in
the channel from the last junction. Use the time of
concentration at the point for which the design flow is
being calculated to determine the contribution from each
tributary watershed, except the uppermost watershed.
Add the original design flow for the uppermost watershed
{calculated based on its own time of concentration) to
the flow from the other watersheds {calculated based on
the time of concentration at the junction).

PROCEDURE B

This procedure applies to the calculation of design runoff
flows from relatively large, undeveloped basins within Area B,
as shown on Figure 1-1., Basins must be undeveloped and
greater than 1,600 acres in size for Procedure B to apply. The
procedure is based on a flow-frequency analysis rather than an
analysis of short-term precipitation intensities. Frocedure B
contains two basic parts--one analysis which applies to rain
£loods and one which applies to snowmelt flows. The peak design
flow should be selected ag the larger of the two results. This
section describes Procedure B and presents a sample design
flow calculation.

Procedure Outline

The following steps are used to calculate the peak design
flow:

. Determine the appropriate design exceedence interval
from Table 1-1,
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Calculate the mean daily rain flood design flow from:
Q = cxka 0.85 p2
Where:

* TC"™ is a constant related to exceedence interval as
shown on Figure 1-9,

LA 12,000 ~ Mean Basin Elevation

4,000

H

* "A" = Basin area in square miles

* "P" = Mean annual Precipitation in inches, as shown
on Figure 1-10.

Calculate the peak rain flood flows as follows:

* For the Lake Mary Basin (Basin I on Figure 1-1),
Q peak = 1.15 x Mean Daily Flow

For all other basins, O = 1.7 X Mean Daily Flow
Calculate the peak snowmelt flows as follows:

a. Determine the approximate maximum elevation of the
basin. One to two percent of the basin area can be
above the selected approximate maximum for basins
with very steep upper portions, In any case, the
maximum value selected should be no higher than
11,200 feet.

b. Use the top curve on Figure 1-11 to find the highest
elevation of melt corresponding to the selected
exceedence interval.

¢. Use the second curve on Figure 1-11 to find the
width of the melt band for the selected exceedence
interval. 1In conjuction with the highest elevation
of melt from Item b, this sets the lowest elevation
of melt,

d. If the lowest elevation of melt is below the lowest
point in the basin, raise the highest elevaticn of
melt until the full melt band falls within the
basin.

€. Determine the area of the basin {in sguare miles)
that lies within the melt band.



PRar—

"C" IN EQUATION

0.001

2 5 o 20
EXCEEDENCE INTERVAL, yeors

Figure 1-9  Coefficient "C" for Rainflood Fraquency Equation
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3. Snowmelt Analysis:

a. Top of melt band from Figqure 1-11, 10,400~1,100 =
4,300 feot

b. Determine bottom of melt band from Item a and
Fiqure 1-11,

* 9,300 - 1,420 = 7,880 feet, 7,880 is less than
minimum elevation of basin. Therefore, raise
top of melt band to 8,200 + 1,420 = 9,620 feet,
Bottom of melt band = 8,200 feet,

¢. Determine area of basin within melt band. For this
example, assume 4.2 square miles in melt band.

d. Find the runoff rate per unit area of melt band from
Figure 1-11,

Unit Runoff Rate = 23.1 cfs/square mile

€. Find flow adjustment factor from Figure 1-11,
Flow adjustment = 0,68

f. Find design mean daily flow rate.

Q@ = (23.1 cfs/square mile) x (4.2 gsquare miles) x
{0.68;

= 66,0 cfs
4. Find peak flow.
Q peak = (66.0) x (1.7) = 112.2 cfs

4. Select the larger of the two results from the rain flood
and snowmelt analyses as the peak design flow,

G design = 112.2 ofs
DEVELOPMENT OF HYDROGRAPHS FOR DESIGN OF STORAGE FACILITIES

This section describes the procedure to be used to calculate
runoff hydrographs where required for the design of runoff
stovage facilities, The procedure is primarily apolicable to
the design of flow detention facilities, and is based on the
unit hydrograph method uszed by the U.5. So0il Conservation
Service,
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Development of a Unit Hydrograph

The following steps are used to develop a unit hydrograph
for the tributary basin,

. Determine the area (A), time of concentration (ts), and
welghted C values for the basin as described for
Procedure A,

2. Compute the unit rainfall excegs time interval, D, from

D = 0.133 t., where te = time of concentration

3. Compute the time to peak, Tpr from

Tn = D/2 + 0.5 te

4, Compute the peak flow, dpr, for a volume of runoff
equal to one inch from

dp = 484 T, x A

where A = area in square miles
Tp = time to peak in hours
9p = peak flow in cfs

5. Compute the coordinates of the unit hydrograph from the
t/Tp and q/qg ratics given in Table 1-3,

6. Tabulate the ordinates of the unit hydrograph in

intervals of D from a plot of the coordinates formed in
Step 5.

7. Check the volume of the unit hydrograph by summing the

ordinates and multiplying by D, Compare this to the
volume computed froms

¥

§

645,33 x &

where V = computed volume in cfs~hours
A = area in square miles

if the two volumes do not check, adjust the coordinatesn
of the unit hydrograph uniformly to obtain a reasonable
balance,

;E Calculation of a Runoff Hydrograph

Gy

The following steps are used to convert the unit hydrograph
into a storm runoff hydrograph. The procedure must be applied
inééya&éentiy to summer and wintsr conditions,

i
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Table 1-3. Ratios for Dimensionless Unit Hydrograph

Time ratios
(t/Tp)

Discharge ratios
(a/ap)
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.780
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.560
.460
.390
<330
.280
.207
. 147
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.040
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2021
.015
011
005
.0060
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!. Determine the 1-, 3-, 6~, 12-, and 24-hour precipitation
volumes for winter and summer rainfall at the selected
exceedence interval from Figures 1-4 and 1-5.

2. Plot rainfall graphs for the design storms using the
volumes from Step 1. The graphs should be constructed
by plotting the t~hour volume at the center of the graph

For example, Figure 1-12 shows 4 graph constructed
for the following data:

Precipitation Volume,
duration, hours inches
1 1.8
3 3.0
6 3.9
12 4.5
24 5.1

3. Convert the plot from Step 2 into a tabulation of
incremental Precipitation volumes for time intervals
of D,

4. Compute a loss volume, V, from the 1-hour precipitation
volume and the weighted rncw factor computed in
Procedure A. HNote that this must pe done for winter and
summer conditions. The loss volume is calculated from,

=
i

(i~¢) PD

loss volume, inches
weighted € from Procedure A
1~hour precipitation volume
from Figure 1-4.

time interval, hours

B

o
i

5. SBubtract ¥ from 2ach of the incremental precipitation
volumes from Step 3 to find the incremental excess
precipitation volumes.,

€. Use the tabulation of the unit hydrograph in intervals

of U and the tabulation from Step 5 to compute a runoff
o hydrograph, If the intervals of D are represented by
L3 Di, and the corresponding incremental precipitation
s volumes, uynit hydrograph ordinates, and runcff
hydrograph ordinates are represented by Ri, Hi, and RHi,
the following equation can be used to compute the yryunsafs
hydrograph ordinates-

e

R

RHL = (Ry z Hi) + (Ry 4 Hi~1) 4 (R3 x Hi=2 }.out ( py o Hp)

i
E% -AW\Y}(
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DEPTH, inches

EXAMPLE:
SHADED VOLUME =
1L5x1t0.75x2t0.2x3=
38" = VOLUME FOR
6-HR. PRECIP.

-

2 4 6 8 o i2

-8 -4 -2 0
TIME FROM PEAK INTENSITY, hours

Figure 1-12 Rainfall Design Storm Graph
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CEAPTER 2

STORM DRAINAGE SYSTEM

This section describes criteria for design of facilities to
collect and convey stormwater in a storm drainage system. It
includes criteria for the design of storm drains, inlets, and
roadway drainage.

APPLICABILITY

The guidelines and standard details below apply to all
development projects, road construction work, and storm drainage
improvement projects. Curbs, gutters, and inlets are required
for all new construction of roads. Culverts shall be provided
at all locations where natu_al drainages or open channels cross
roadways. All drainage conduits, channels, and appurtenances
shall be located within dedicated and recorded public easements
or vights-of-way with working space for all construction and
maintenance operations. Improvements shall be designed to
conform with the Mammoth Lakes Storm Drainage Master Plan.
Runoff calculations used for design shall be as specified in
Chapter 1 of this design manual.

STREET RUNOFF COLLECTION

Guidelines for design of drainage improvements for streets
are given below. The guidelines cover typical roadway sections
and slopes, curb and gutter, storm drains, and inlets. The
following general criteria apply:

T. All facilities described herein shall be designed by a
registered civil engineer.

2. Paved roadways shall be designed to drain to curb and
qutter,

3. If curb is not provided at the top of the slope,

roadways shall be constructed to drain away from f£ill
slopes.

4. Backfill or sidewalks placed bpehind the curb shall be
designed to conform to the guidelines for a sloped
bottom bench {(Chapter 5) wherever a roadway is hounded
by slopes.



R e

5. Gutter capacity shall be determined at a depth equal to
0.5 times the curb height, Gutters shall be sized to
carry the 10-year return period storm, as calculated
using the procedures given in Chapter 1.

6. Minimum grades of new streets and gutters shall be 0.50
percent,

7. Except for intersections and superelevated curves,
cross slopes on new streets shall be 2.0 percent.

8. Maximum grade on new streets shall be 9 percent. Slopes
up to 15 percent may be approved by the Director of
Public Works if County snow removal is not required,

?. The grade of the pavement surface across an intersection
shall not be more than 4 percent, nor less than
! percent,

0. The gradient of ary street entering an intersection
shall not be more than 4 percent within a distance of 30
feet from the beginning of an intersection.

1. Roadways shall be designed according to the Road
improvement Standards, County of Mono.

Figure 2-1 shows a typical roadway section for uge in
relatively flat terrain. Figure 2-2 shows an alternative
section for use in areas where the roadway will be bounded by
glopes,. Figure 2-3 shows a typical concrete curb detail.
Figure 2-4 shows a nomograph for use in calculating the flow
capacity of streets with curb and gutter,

Storm Drainage Inlets

The following criteria apply to the design of stornm drainage
inlets:

. Inlets may be curb-opening, grate, or combination-type
inlets,

£, Where used in conjunction with curb and gutter, inletsg
shall be located in qutter depressions no less than (.10
foot and no more than 0.25 foot deep.

3. In sag vertical curves, one curb opening or combination—
type inlet shall be used on each side of the low point,
An additional inlet szhall he placed at the iow point.

4. Where significant amounts of debris will be present,
inlets shall be constructed in series, with the upstream
inlet being either a curb~opening or combination-type
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inlet. The two inlets shall be separated by
approximately 20 feet, Where inlets are not installed
in curb and gutter, at least two inlets in series shall
always be used.

Inlets shall be spaced to prevent surface flow through
intersections. Valley gutters in intersections are not
permitted,

Inlet spacing shall be calculated based on flow, gutter
gv~de, inlet capacity, and expected amount of debris,
but in no case shall exceed 400 feet between inlets,
Flows shall be calculated using the procedures given in
Chapter 1.

Inlet capacity shall be determined from Figures 2-5 andg
=5, Figure 2-5 gives the capacities for various
lengths of curb opening inlets. Figure 2~6 gives the
capacities for two types of grating inlets in use by the
California Department of Transportation {(CalTrans).
Where other types of grating inlets are used, capacities
shall be based on manufacturer's data or comparison with
the CalTrans standard designs. For single grate inlets,
design capacity shall be calculated based on the inlet
area being 50 percent plugged. For inlets in series,
the first inlet shall be assumed completely plugged.
Capacity of combination-type inlets shall be calculated
based on the grate area alone, assuming no plugging.

The outlet pipe shall be low enough to allow for pipe
entrance losses plus 0.75 foot between the design water
surface and the opening at the gutter intake.

The floor of the inlet shall be sloped at not less than
5:1 (horizontal:vertical).

Figqure 2-7 szshows typical inlets in gutter depressions.

Storm Drains

The following criteria apply to storm drainage pipes,
channeis, and culvertss

i,

Storm drainage Pipes shall be sized by a registered
civil engineer using the runoff calculation procedures
given in Chapter 1,

All natural drainageways originating outside *he project
area shall enter and leave the area at the original
hovizontal and vertical alignments,

Wherever possible, storm drainage Ffacilities shall be
parallel to the centerline of the street,
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Capacities shown are for Caltrans standard Type 18 and Type 24 grates
{zee Caltrans standard plans). For other grates, capacities should be

determined from manufacturer's data or by comparison with Caltrans standard
grates.

For design of inlet number and spacing required, 50 percent of capacity
should be used.
Type 18 grate data-—Clear length = 35-3/8 inches

Clear width = 18 inches

Spacirg betwsen bars = 1-3/8 inches

Type 24 grate data-—Clear lergth = 35-3/8 inches
Clear width = 24 inches

Spacing betwesn bars = 1 inch,
i=3/8 inches, and 2 inches

Figure 2-6 Grate inlet Capacities
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1.

12.

13.

14.

Large angular changes in alignment of storm drains shall
be avoided and in no case shall the change exceed 90
degrees.

Minimum diameter of closed conduits shall be 18 inches.

Direct transitions from a larger pipe upstream to
& smaller pipe downstream shall not be permitted,
regardless of slope change. This requirement may be
avoided if a special transition structure is provided
which will minimize the potential for clogging.

The crowns of pipe sections shall be matched at size
changes. All pipe size and grade changes shall occur at
manholes,

Pipe shall he sloped to provide a minimum velocity of 2
feet per second (fps) when flowing half Ffull.

Mazimum design ve'ocity for storm drains shall be
15 fps unless special provisions are made for enerqgy
dissipation of Junctions, structures, and major bends.
In all cases, the design hydraulic grade line shall be
not less than 1 foot below the street elevation,

Capacity shall be determined based on the pipe flowing
full, and shall be calculated using Manning's equation,
The appropriate "n" factors to be used for various types
of pipe are as follows:

a. Concrete precast pipe 0.013
b. Concrete cast-in-place pipe 0.018
¢, Vitrified clay pipe 0.013
d. Corrugated metal pPipe (unlined) 0.021
e. Corrugated metal pipe {paved invert) 0.019
f. Corrugated metal pipe (100 percent raved) G.015

Culverts shall be sized to carry the design flow without
static head at the entrance.

Minimum allowable cover shall be 2 feet for closed
conduits and culverts under roadways.

Where culverts carry roadside drainage under driveways,
pipes shall be sized ¢o carry the design flow of the
roadside ditch. Flows shall be caloulated using the
procedures given in Chapter 1,

All culverts shall be provided with end sections, wing
walls, riprap, or zome other means to prevent esrosion ar
the inlet and ocutlat,



15.

16.

17.

Cpen channels shall be lined with concrete or riprap to
prevent scour. Appropriate "n" factors for use in
calculating channel capacities are as follow:

a. Open channel with concrete lining 5.015
b. Open channel with cobble or riprap lining 3.030

Channels shall be sgized to provide a minimum of 1 foor
of freeboard at the design flow, or to convey the
1§0~year flow at bankful capacity, whichever is greater.
Velocities at design flow shall not be less than 2.5 fps
nor greater than 10 fps.

Prior to construction of drainage improvements, a map
shall be submitted to the County which shows:

a. Drainage areas,
b. Travel paths of drainage design.

¢. Design flow to each inlet or structure in cubic feet
per second {(cfs).

d. Overland flow and gutter flow in cfs.
e. Design flow line elevations for pipes.
f. Top elevations for structures.

g. Hydraulic gradients.

h. Pipe sizes and lengths.

Roadside Drainage Ditches

where drainage from existing streets is not controlied in
curb and gqutter, roadside ditches may be used to improve
runoff controel and prevent erosion. The following criteria

apply:

1.

2.

Ditch sections shall be designed by a registered civil
engineer,

Runoff calculations shall be as specified in Chapter

=

Manning's eguation shall be used for degign. The
appropriate "n" factors to be used to determine ditch
capaclty are:
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Channel Type Manning's "n"
Unlined earth 0.040
Riprap lining 0.040
Concrete lining ‘ 0.015
Vegetatively protected 3.05%0
Grouted riprap lining 0.030

The fellowing design velocities are permitted:

Velocity, feet/second

Channel Type Minimum Maximum
Unlined earth 1 2
Riprap lining 2.5 10
Concrete lining 2 i5
Vegetatively protected 2 4
Grouted riprap lining 2 15

Where natural topography dictate velocities higher than
those listed above, energy dissipators sueh as stilling
pools, check dams, or drop structures shall be used.
The design shall be submitted to the County for approval
by the Public Works Director.

Where unlined earth channels are used, the outlet shall
be designed to prevent transport of sediment to surface
waters or to the storm drainage system. The uze of dry
wells or small sediment retention basins is recommended.

Zlotted Drains

At the discretion of the civil engineer designing the
storm drainage system, slotted drains may be used in place of
conventional storm drain inlets. fThe following design criteria

apply:
1.

Slotted drain pipe may either be perforated or
non-perforated corrugated metal pipe, Perforated
pipe shall be used only where the intent ig to allow
infiltration of a portion of the storm drainage. In
this case, the design engineer shall submit to the
County information concerning groundwater levels and
s0il types at the project location. Perforated pipes
shall not be installed in slopes in excess of 3 percent.
When infiltration capacities are used to decrease the
size of downstrean facilities, the procedures for
measuring the infiltration rates shall be ag specified
below for dry wells. Copies of the test results shall
be submitted to the County.



4.

Coupling bands used for joining sections of corrugated
metal pipe shall be a minimum of four times the spacing
betwsen corrugations.

Backfill shall be placed in lifts of 6 inches or less
and compacted by hand.

Backfill shall be placed sc as to prevent soil or other
material from entering the pipe.

A typical slotted drain is shown on Figure 2-8,

Dry Wells

Dry wells may be used for on-site runcoff control or
incorporated into the design of a storm drainage system to
reduce runoff volume and downstream system sizing. They are
effective infiltration devices where soil types and groundwater

levels are favorable. The following design criteria apply to
dry wells:

1.

Dry wells may be constructed as either a gravel-filled
pit or trench. Selection of the appropriate type should
be based upon soil depth and permeability and level of

" groundwater in the project area.

Pit type dry wells shall be at least 18 inches in
diameter.

Dry wells shall be constructed to a depth of at least 2
feet below the s0il freezing level.

Where possible, several shallower wells shall be used in
place of one deeper well.

Dry wells may be incorporated into the design of catch
basins at storm drainage inlets to reduce the size of
conveyance pipes required downstream.

Dry wells shall be equipped with an easily removable
cover to provide access for removing accumulated
sediments and trash.

The dry well shall be filled with 1-1/2~inch to 3-inch
rock to within & inches of the elevation of the
surrounding ground or, when used with ecateh basins, %o
within 6 inches of the storm drain invert.

Where not used in conjunction with a catch basin, a
blanket or filter cloth (Mirafi 140 or equivalent} ghall
be placed over the rock, and clean sand or smaller
gravel shall be used for backfilling to grade.
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9. The infiltration capacity of dry wells shall be
calculated based on the results of infiltration tests
performed at the project site. Design infiltration rate
{(per unit surface area) shall be one-half the measured
rate. The infiltration design flow for each dry well
ghall be calculated as the product of the design
infiltration rate times the area of the bottom of the
dry well plus one-third the area of the side walls:

Qi = I Dg + 1/3 I Dg

#

Where Q4 design infiltration flow rate for the dry

well, cfs
I = design infiltration rate per unit area, fps
™ = area of bottom of dry well, ft2
Dg = area of side wall of dry well, ft?

10, Infiltration rates shall be measured using standard
percolation test procedures.

1. Storage in dry wells shall be calculated based on total
volume and the porosity of the rock fill.

Figures 2-9 and 2-10 show typical dry wells for use with and
without catch basins.

Storm Drainage Systems for
Parking Lots and Other Paved Areas

The design criteria given below apply to all parking lots,
paved service areas, corporation yards, service station aprons,
and commercial and industrial access areas. Residential parking
areas less than 1,000 square feet in total area are excluded.
In general, the intent of these design criteria is to provide
infiltration capacity for at least the initial portion of
runoff from storm events, This prevents high concentrations of
pollutants such as grease, oil, and suspended sediments from

being directly discharged to surface waters. The following
criteria apply:

LS ¥ paved parking lots shall provide infiltration

facilities to meet the requirements shown in
Chapter 1,

2. Overflow of the Infiltration facilities shall be to a
storm drainage svstem.

3. For parking lots greater than 1,500 square feet,
multiple infiltration trenches shall be used rather than
one large trench.
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safely. The recommendations given herein apply to basins with
tributary areas of less than 20 acres.

Sediment retention and flow detention basins are useful for
on-site runoff control, for preventing discharge of sediment
to surface waters, and for providing flow storage to decrease
the required size of transport facilities downstream. A basin
may be constructed for temporary use during construction to
meet discharge water gquality requirements, or for permanent
incorporation into a drainage gystem. When constructed as a
permanent facility, the basin shall provide both peak runoff
storage and sediment retention. The following design criteria

apply:

1. Design of the basin shall be basged upon the total
tributary drainage area and shall be based upon the
projected land use for the tributary area over the
basin's operational l1life. Calculation of runoff shall
be as sgpecified in Chapter 1 and shall be submitted to
the County Public Woerks Director for review.

2. Design of the basin shall be by a registered civil
engineer.

3. Vegetation shall be planted on all embankment slopes,
borrow areas, or other areas disturbed by construction.

4. The basin shall be sized to store 0.5 inch of runoff per
acre of drainage area, or to provide average velocities
of 0.5 foot per second (fps), whichever requires a
larger basin.

5, The design shall specify the level at which the basin
must be cleaned, and a permanent marker shall be
provided at this point. The level for cleaning should
correspond to elevation at which the remaining basin
storage is equivalent to 0.2 inch of runoff per acre, or
at which the average flow velocity will be 1.5 fps,
whichever requires the lower level.

§. Combined capacity of the outlet pipe and emergency
gpillway shall be designed to handle the 100-year design
flow.

7. The pipe ocutlet shall consist of a perforated vertical
pipe or box-type riser joined to a horizontal conduit

which extends through the embankment. The horizontal
conduit and rigey shall be a minimum of 18 inches in
diameter.

8. When used in combination with emergency spillwavs, the
crest elevation of the rviser shall be at least {1 foot
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helow the elevation of the control section of the
emergency spillway. If no emergency spillway is
provided, the crest elevation of the riser shall be at

lsast 3 feet below the elevation of the crest of the
enbankment.

The upper portion of the riser shall be perforated
with 1-1/2 to 4-inch~diameter holes spaced 8 inches
vertically and 10 to 12 inches horizontally. Heles in
successive rows shall be staggered.

An anti-vortex device shall be placed on top of the
riser, The device may be a thin vertical plate welded
across the top of the riser normal to the centerline of
the dam, or other equivalent design.

the base of the riser shall be watertight and firmly
anchored to prevent flotation.

A trash rack, confisting of No. 4 reinforcing bars
spaced 4 inches on center each way, ovr other equivalent
designed approved by the County Public Works Director,
shall be welded across the top of the riser.

Conduits through embankments shall be provided with
anti-seepage c¢ollars. The collar shall extend a minimum
of 1 foot bevyond the outside diameter of the pipe on all
zides, oxcept that it shall sxtend a minimum of 2 feet
below the bottom of the pipe.

The emergency spillway shall discharge over the top of
the embankment and shall either be lined with concrete
or protected with rock riprap and vegetation.

The maximum allowable desgign:

Concrete-lined 15 £ps
Riprap~-lined 10 fps

The bage of the spillway shall be provided with enerqgy
dissipation and erosion control such as a concrete or
riprap-lined stilling pool.

The embankment shall have a top width of not less than 8

feot, a height of not more than 15 feet, and side slopes
EA

ne steepey than 2Z2:71.

For alil basins which will serve drainage areas greater
than 1 agre in zize, the following shall be submitted to
the County:



4
N

%

S

a. A map showing the tributary drainage area and a
specific location of the basin.

b. Plan view of the dam and storage basin.

¢. Cross-section of dam, storage basin, emergency
spillway, and pipe outlet,

d. Runcoff calculations for 10-, 50~, and 100-year storms
using the procedures in Chapter 1.

. Pipe sizing and emergency spillway design
calculations.

f£. ©Btorage volume vs. elevaticn curve.

A typical sediment retention/flow detention basin is shown
on Figure 2-13,

Roof Drainage and Drip Line pfrenches

Drip line trenches prevent erosion of areas which receive
direct runoff from rooftops. They are required for all
structures which do not have roof gutters and downspouts to
convey water to infiltration or storm drainage facilities. The
following design quidelines apply:

1. Trenches shall be located at the drip line of all
structures which do not have roof gutters,

Z. Rooftop runoff collected by gutters shall be discharged
either to the drip line trench or other infiltration
facilities.

3. Trenches shall be at least 2 feet wide and 9 inches
deep, centered under the roof drip line.

4. Trench outlets shall be to a storm drainage system.

>. For all =tructures larger than 2,600 sguare feet in
floor plan area, rooftop drainage ghall be discharged to
an infiltration facility. Acceptable infiltration
facilities include dry wells and infiltration trenches
as described previcusly in this chapter. Overflow From
the infiltration facilities shall be discharged to a
storm drainage system.
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Typical Residential On-Site
Storm Drainage Retention Facilities

Figure 2-14 shows a typical residential lot with erosion
control and onsite storm drainage retention facilities. The
figure is intended as an example of the use of these types of
facilities rather than a standard design detail. The most
practical and economical system should be designed on a
lot-by~-lot basis., Where on-site retention of storm drainage is
required by County ordinance, or where desired by the owner, a

system similar to the one shown should be adapted to meet the
specific site conditions.
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CHAPTER 3
TEMPORARY RUNOFF MANAGEMENT

This section describes methods which may be used to retain
runoff waters on site, transport them over unstable slopes, or
to prevent sediment transport off site. The measures are useful
during construction activities and prior to construction of
permanent drainage facilities.

APPLICABILITY

Straw bale sediment barriers, filter berms, and filter
inlets allow runoff to occur, but prevent transport of sediments
off site. They are applicable to al}l sites which have been
disturbed by construction acotivities and have not been treated
with soil stabilization techniques, Alternatively, a siltation
berm may be used to bPrevent runoff from the site. Where flows
must be transported over unstable slopes for a temporary period
of time, flexible downdrains may be used. When flexible
downdrains are used, other methods must be used to filter the
runcff and limit sediment transport,

All construction activities shall use one Oor more of

the listed methods to maintain runoff suspended sediment
concentrations below 60 mg/1l and turbidities below 30 JTU. The

STRAW BALE SEDIMENT BARRIERS
The methods and material for installation of straw bale
sediment barriers are listed below.

T. Bales shall be tied with wire or nylon. Twine is not
acceptable,

2. Bales shall be 1laid on their gide and staked in place,

i. The bales shall be placed in s G-inch~deep trench and
backfilled by firmly tamping the s0il along the upstream
face of the barrier.
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Figure 3~1 shows a typical detail for a straw bale sediment
barrier.

PILTER BERM

Figure 3~2 shows a typical filter berm and installation in
am impermeable barrier around a8 construction site. The filter
berm outlet shall be located so as to not create an erogion
hazard downstream from the site.

FILTER INLET

Figure 3-3 shows a typical filter inlet around a storm
drainage inlet. Filter material shall be coarse {(3/4~inch to
1-1/2-inch) gravel or crushed rock. PFines shall be less than 5
percent.

SILTATION BERM

Figure 3-4 shows a typical siltation berm. The methods andg
materials for construction of siltation berms are listed below:

1. The berm shall be constructed from gravel or coarse soil
material.

2. Plastic sheeting, 6-mil-thick (Visqueen R or equal)

shall be placed over the berm to form an impermeable
barrier.

3. The berm shall be located along the contour of the slope
on the downhill margin of the construction site,

4. All trash, debris, and organic materials shall be
removed from the berm area prior to constructien.

5. The height of the berm shall be sufficient to contain
3.0 inches of rainfall over the entire site. If the
berm is constructed so that off-site areas may be
tributary to the berm, the berm shall be high enough to
contain 3.0 inches of rainfall over the tributary area.
However, the berm height shall not exceed 2.5 feet nor

be less than 1 foot. Side slopes shall be no Steeper
than 2:1.

&. Plastic sheeting shall be installed with 4-foot laps at
joints. The sheeting shall be anchored with 3/4 to
t~1/2-inch gravel. Gravel shall be placed continuously
along both edges of the sheeting.
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FLEXIBLE DOWNDRAIN

The following 4 gn and installation criteria apply to flexible
downdrains:

‘!i‘

2.

from Precipitation of 1 inch per hour on the tributary

Standard meta]l end sections shall be used with extension
collars 12 inches long. Extension collars shall be
corrugated metal Pipe. Helical Pipe is not acceptable.

Flexible conduit shall be strapped to the collars
and cover at least two corrugations of the extension
collars,

Downdrains shall be staked with meta] "T" pins spaced
every 10 feet,

Discharge shall be to an energy dissipator or other
stabilized outlet.
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CHAPTER 4

PERMANENT RUNOFF CONTROL ON SLOPES

For slopes to be permanently stable, runcff over and across
slopes must be adequately controlled. Control of runoff
Prevents erosion of the slope and allows vegetation to become
established, This section describes several methods which
prevent concentrated flows from occurring over slopes,

APPLICABILITY

Five acceptable methods which are described below include
diversion dikes, runoff interception trenches, pipe drops,
chutes and flumes, and subsurface drainage. )

Diversion dikes and runoff interception trenches are used
to divert flows away from slopes into stable areas or other
drainage improvements, Pipe drops and chutes or flumes are used
to transport flows over slopes to a stable outlet. Subsurface
drainage is used where required to prevent seepage out of the
face of a slope. aAll slopes shall be constructed with diversion
dikes at the top. All slope terraces (see Chapter 7) shall
include a runoff interception trench. Pipe drops and chutes or
flumes shall be used wherever runoff flows must be transported
Oover slopes. The use of subsurface drainage depends on
local groundwater conditions., Subsurface drainage shall be
constructed wherever seepage will occur on the face of a slope
for any part of the year,

The design runoff flows for all facilities listed herein
shall be calculated as specified in Chapter 1.

DIVERSION DIKES

The following criteria apply to the construction of diversion
dikesg:

. The diversion outlet shall be to a heavily vegetated or

artificially stabilized area or to a downdrain, chute,
or flume,

2. The dike zhall be designed to prevent flow over the
slope during the design runoff flow,
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3. The dike shall be a minimum of 1.5 feet high and 2 feet

wide at the top with side slopes at 2:1 {horizontal:
vertical) or flatter.

4. The dike shall be constructed of low permeability soils,
compacted to a minimum of B85 percent relative density,

5. Invert grade of the dike shall be at least 0.5 percent
and not more than 5 bercent, Dikes with invert slopes
greater than 2 percent shall be stabilized with rock,
asphalt, or concrete lining,

Figure 4-1 shows a typical diversion dike detail,

RUNOFF INTERCEPTION TRENCH

y
o
o Eeg

The following criteria apply to construction of runoff
interception trenches:

1. Outlet shall be to a heavily vegetated or artificially
stabilized area.

2. Excavated material shall be spread to conform to the
natural ground or to the grade of the slope terrace.

3. Trench shall slope at approximately 2 percent towards
the discharge point.

4. Depth shall be 12 inches minimum, width shall be 18
inches at the bottom, and side slopes shall be no
steeper than 2:1,

Figure 4-2 shows a typical runoff interception trench.

PIPE DROPS

The following design criteria apply to pipe drops:

?% '. Drops shall be designed to convey the runoff from a
o precipitation event with an intensity of 1.5 inches per
hour,
E
; 2. Grades around the entrance to the pipe drop shall be

4 designed to prevent bypass of the drop at the design
k| precipitation intensity,
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3. The inlet and outlet tgo the drop shall be stabilized
with concrete, rock, or asphalt. The outlet sghall be
Provided with eénergy dissipation to prevent erosion
downstreanm.

4. Thrust blocks shall be placed at all grade changes,

5. Pipe collars shall be constructed at intervals of 3¢
feet maximum to Prevent flow of water through the ground
along the pipe.

factor of 1.5 to the design storm (Q inlet = 1.5 x Q
design).

Figure 4-3 shows a typical pipe drop.

CHUTES AND FLUMES

and flumes:

1. Chutes and flumes shall be constructed on undisturbed
soil or well-compacted £i11.

2. Slopes shall be no steeper than 2:1 ang no flatter than
20:1.

3. The outlet structure shall be Protected against Scour
with chyte blocks, impact basin, rock riprap, or plunge
pool. Discharge shall be to stabilized area or storm
drainage system,

Figure 4-4 shows a typical chute,
SUBSURFACE DRAINAGE

Two basie types of Subsurface drainage systems are
described below. Well point Systems consist of bPerforated pipe
underdrains driven into the slope so as to drain to a common
header by gravity. Trench systems are gravity drain systems
which use perforated Pipe laid in a trench and backfilled with
coarse gravel,

Well Point System

The criteria for construction of wely point systems are
given below:
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Minimum pipe size shall be 2 inches in diameter.

Depth, gpacing, sizing, ang location of drains shall
be based on local site conditions. Design of the
System shall consider soils, groundwater levels, ang
topography.

Discharge from the system shall be to a stabilized area
or drainage system,

Figure 4-5 shows a typical well point system.

Trench System, The criteria for construction of trench
Systems are given below:

T

Trenches shall be a minimum of 18 inches deep. The
trench shall be backfilled with 4 inches minimum of
graded filter material, or it ghall be lined with filter
cloth as provided below. , :

Pipe shall be clay, concrete, or polyvinyl chloride.
Filter material or graded aggregate shall completely
enclose the pipe. a depth of not less than 3 inches ig

required under the pipe if a graded aggregate filter ig
used.

covered with not lesgs than 3 inches of hand~-placed
backfill or filter aggregate.

concrete.

If used, filter cloth shall completely enclose the
aggregate which surrounds the pipe,

Earth backfill shall be placed in the trench over the
filter material or graded aggregate.

Discharge shailj be to a Btabilized area or storm
drainage system,

Figure 4-6 shows a typical subsurface drain trench svstem,
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CHAPTER 5

SLOPE DESIGN

This chapter specifies design criteria for new slopes
constructed by cut and/or fill and regraded slopes,

APPLICABILITY

The criteria below apply to the design of all new and
regraded slopes with average gradients of 5 percent or more.

SLOPE STEEPNESS

Slope steepness shall not exceed 2 horizontal to 1 vertical
(2:1) or the natural angle of repose for the slope material
whichever is lesgsg steep. If the slope is composed of golid

rock, slopes may be Steeper than 2:1, Provided they are designed
by a registered civil engineer.

SLOPE CONFPIGURATION

Slopes shall be designed to match the natural contours of
adjacent land and to minimize the amount of earthwork required.
Existing vegetation shall be retained wherever possible.

Maximum slope face length shall be determined from Figure
5-1. Slopes with total lengths greater than the maximum

Minimum slope setbacks shall he-

1. Tops of cut slopes shall not be hearer to a property
line than 3 feet, plus one-fifth of the height of the
cut, except that the distance need not exceed 10 feet,

2. Tops of cut slopes shall be a minimum horizontal
distance of 6 feet from fill slopes.

3. Building foundations shall be set back from the top of
any slope a minimum distance of & feet.
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shall also not be nearer to any adjacent Property line
than one-half the height of the f£i1], except that the
distance need not exceed 2¢ feet,

g
distances may be required for safety or Stability depending on
soil Qharacteristics, groundwater levels, ang other factors.

A s0ilsg report containing slope Stability recomendations
shall be submitted to the Mono County Department of Public
Works for ajil slopes greater than 10 feet in vertical height,
Fi i
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JUTE MATTING

When usged alone, it is applicable to areas with slopes up to 31
Percent ang less than 10 feet ip height, o larger areas with
slopes up to 29 pPercent .,

Methods ang Materials
il faterials
1.  ‘The details of installation are shown on Figure g.1,

2. Jute mat shall pe cloth of 4 uniform Plain weave of

construction having an average twjgt of not less than
1.6 turns Peér inch ang shall not vary in thickness by
more than one half of jtg normal diameter,

dreater, wpyn shaped witp legs a¢ least ¢ inches ip
length ang ; T-inch ¢rown, Longer staples are required
in loose Or sandy soilg,



BURY UPPER END
OF MATTING

I SPacing
OF STAPLES

LIMITS oF
MULCHED AREA

EXTEND MATTING OVER
SIDES AND TGP OF
MULCHED &REA

' spacing
OF STAPLES

5" SPACING oF STARLES
ALONG EACH EDGE aND
CENTER OF MATTING

Figure 6-1 Jute Matting




yoasea)
ey

o
|5

I
{
g

7-2

slopes to prevent uncontrolled flow over the slope face.
The toe of the slopes shall be pProtected from erosion and
undarcutting by appropriate drainage improvements,

Applicability

Retaining wall Design

Three types of retaining wail design are described below.
Other designs may be used Provided they meet the general
performance standards of permanent slope stability, Provision
for adequate drainage, and Protection against erosion and

engineer, The three types of walls and their respective
applications are:

. Native rock retaining wall for use in low-gravity walls
up to about 5 feet in vertical height.

2. Gabions for use in higher walls and for 8lope
revetments., Where significant seepage is anticipated,

Figures 7-1 to 7-3 show typical details for the three types
of retaining walls.

Concentration of the flow into rivulets, The three slope
intervuption methods described below are wattling, slope
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Figure 7-2  Gabion Retaining Walls
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ne scale

2:1 slope or flotter

2 x12 redwood pianks

S g

Size and spacing of posts

VN

N Varies with height
3h
S8 Leave sufficient vertical spacing
4 s between planks to permit drainage
A sy

3
A%

! Concrete

s footing (typ) 2%

e
;)Wyg.

2-168d galy. nails :
per plank, ea. post |-

Depth of posts varies
dependent upon local

soil and moistyre conditions
and spacing of walls

Figure 7-3  Redwood Retaining Watl
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Applicability

the slope length to the maximum length obtained from the
prcceéq:es_ig,ghgpter,5?ﬁ8lo§emnaaigﬁ,- They may also be used in
combination with temporary soil stabilization methods to provide
a stable surface on which to establish vegetation, Wattling
simultaneously breaks the slope length and provides some
revegetation of the slope. To be effective, the methods must be
used in conjunction with drainage improvements, temporary soil
stabilization, and revegetation,

Wattling

The materials and methods to be used for installing wattling
are described below.

Preparation of Bundles.

1. Wattling bundles shall be prepared from living branches
of shrubby material of species which will root, such as
Salix, spp. (Willow) and Alnus spp. {(Alder) .

2. Wattling bundles may vary in length depending on
materials available, but shall be at least 5 feet long.

the individual branches to achieve this taper. Butts of
branches shall be no more than 1~1/2 inches in diameter.

alternated so that approximately one-~half of the butt
ends lie at each end of the bundle.

4. When compressed and tied, each bundle shall be 6 to 10
inches in diameter.

5. Bundles shall be tied on not more than 16-inch centers
with two wraps of binder twine or heavier tying material

6. Bundles shall be prepared not more than two days prior
to placement, unless they are kept covered and moist.
In that case, they can be prepared up to seven davys
prior to placement.

Willow wattling should he cut in the spring prior to the
appearance of any substantial foliage or late in the
£all once the branches have returned to a dormant state,
Cutting and planting of willows when they are foliated

during the szummer wil] lead to s rapig drying of the



growth. If wattling must be ocut and planted in the
summer months, strip all leaves from the branches to
reduce moisture loss.

Installation.

1. Existing gullies and rills shall be filled and compacted
Pricr to installation of wattling. Disturbance of
the slope face and any existing vegetation shall be
minimized.

5. Place stakes on 16-inch centers on the downhill lip of
the trench.

6. Stakes shal] be 1live wattling materiajl of greater
than T-inch~diameter °r 2-inch by 4-inch lumber or
construction stakes. Live stakes are preferred. Lumber
Stakes may be used in compacted soils which prohibit
effective use of live stakes. Stakes shall be 24
inches to 3¢ inches long, Steel reinforcing bar can be
substituted only as specified below,

I

of two bundles shall overlap at least 1 foot. The
to permit staking
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8. Bundles of wattling shall be staked through the center
On approximately 30-inch centers. Place extra stakes on
the downhilil lip of the trench ang through the bundles
at each overlap of two bundles. Stakes can also be
Placed between rows of wattling to aid in revegetation,

9. &All stakes shall be driven in to a firn hold, a minimum
of 18 inches deep. Where 801ils are soft, longer stakes
shall be used,. Where soils are so compacted that
24-inch wooden stakes cannot be driven to 13 inches,
24-inch sections of 3/8~inch to ?fzwinchmdiamet&r Btes]
reinforcing bars may be used for staking.
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10.

11.

12,

hill, The downhill lip of the wattling may be left
exposed when staking and covering are completed,

Figure 7-4 ghows a typical wattling installation,

Slope Serration

The methods angd materials for construction of a serrated
slope are described below,

1.

5-

Slopes shall be serrated along contours by a dozer or
tractor equipped with a Special blade ¢ontaining a
series of 10-inch Sgquare grooves,

Serrations shall be approximately horizontal.
Loose material collected at ends of serrations shall be

removed and the ends of the serrations blended into the
hatural ground surface,

revegetation,

A slope bench shall be constructed at the bottom of the
slope as shown on Figure 5-2,

Slope Terracing

Terraces shall be constructed to slope towards the face
of the slope at § percent,

Terraces shall be a minimum of § feet wide.

Each terrace shall be provided with a drainage ditch or
other improvement to prevent runoff from the terrace
over the face of the slope. Ditches shall be sloped to
downdrains or other improvements to remove drainage from
the slope.

A slope bench shall be constructed at the bottom of the
slope as shown on Figure 5-2,

A typical terraced slope is shown on Figure 7-5,
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LIVE .
STAKE 18" 0.C.

STEP I STAKE ON  STEP 2. TRENCH ABGVE  STEP 3. PLACE BUNDLES STEP 4. ADD STAKES STEP 5. COVER

CONTOUR STAKE, 1/2 DIA, OF IN TRENCM THROUGH AND WATTLING WiTH
BUNDLES, CAST SOIL BELOW BUNDLES. SOIL., TAMP FiRRMLY
FROM TRENCH DOWNMILL

NOTE: |. WORK FROM BOTTOM TO TOP OF CUT OR FiLL
2 WALK ON BUNDLES TO COMPACT OVERLAY SOIL
3. STAKES SHOULD BE LIVE WATTLING MATERIAL
4. BPACING OF ROWS SHALL BE DETERMINED FROM FISURE %.¢

PREPARE WATTLING: CIGAR - SHAPED BUNDLES oOF LIVE BRUSH WITH BUTTS

ALTERNATING, 8-10" DIA., TIED 12.15"0.C SPECIES WHICH ROOT ARE
PREFERRED.

LEVEL LINES OF
WATTL NG

ADDITIONAL
WATTLING N ,

" F I i

SEEP AREA * !
//;zxg;;;‘.,n.

/?2Jx,xr11.;ze

LIVE STAKES pracen
BETWEEN WATTLING
g&g&%@;\! FOR REVEGETATION

SLOFE BOTTOM BENCH. SEE FIGURE 5.2

Figure 7.4 Wattling Installation
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il DIVERSION DIKE OR

' RUNOFF INTERCEPTION
, TRENCH. SEE FIGURES
5&; 4-1 AND 4.2
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NOTE: | Maximum slope foce
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Figure 7-5 Slope Terracing
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CHAPTER 8
REVEGETATION

temporary andg Permanent goil Stabilization are effective
means of reducing erosion, revegetation ig virtually the only
long-term means of preventing surface soils from being eroded
and carried into surface waters. The methods Presented herein
are general, However, the design of individual revegetation
plans should bpe specific and done by a qualifieg specialist.

APPLICARILITY
The guidelines given herein apply to all disturbed sites.
METHODS AND MATERIALS

The following design guidelines for revegetation apply:

1. Revegetation shall be attempted only after slopes are

after construction has been completed. Temporary
soil stabilization methods shall pe maintained until

3. A1l disturbed sites on the Property shalj be
revegetated, regardless of time of disturbance or prior
ownership.

4. Shrubs ang vegetation used ip revegetation shal} match
the vegetation existing on or near the sgite,

5. Native Species are recommended for reasons of aesthetiog
and survival,

. The tevegetation plan shall consider local zgilse
conditions, nutrients, precipitation, ang temperature.
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Planting shall be conducted in the spring or fali. The

specific Planting tipme shall be selected to maximize
plant survival.

The revegetation Plan shall include the design of an
irrigation System where required to ensure survival of
the plants,

The use of fertilizer for planting ang maintenance shall
be specified in the revegetation plan.

Figures 8-1 ang 8-2 show recommended Planting detailse for
small shrubs.
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