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ABOUT THE PARK

River Rock Park consists of two tracts of land totaling 6.02 acres located within the
proposed River Rock Estates Subdivision generally located south of the High Ditch
and north of the Big Ditch on the west side of 46™ Street West in Billings, Montana.
This park is also adjacent to the existing Rimrock West Park.

The developer has donated two tracts of park land, one consisting of 0.54 acres
(23,491 square feet), runs along the High Ditch on the north border, generally
dedicated for purposes of the Heritage Trail. The second tract consists of 5.48
acres (238,599 square feet) and is located in the southeast corner of the
subdivision, immediately west of Rimrock West Park.

The River Rock Park master plan will guide development of the park to provide
uniqgue amenities to the area, compliment Rimrock West Park, and be a recreational
resource to the River Rock Estates Subdivision.

ADJACENT PARK — RIMROCK WEST PARK

Rimrock West Park consists of approximately 10 acres and is located immediately
east of River Rock Park. Rimrock West Park was developed in 2005 and consists of
large unprogrammed open space, a playground, off-street parking, multi-purpose
trail and a storm water detention pond. Currently, Rimrock West Park is well used
by the neighborhood residents and its greater open space is used for Little Guy
Football and soccer practices.

OVERALL GOALS OF THE RIVER ROCK PARK MASTER PLAN

The master plan is an overall guiding document for the future development of River
Rock Park. There are several circumstances unique to the park site this plan will
address including:

= The final configuration of the detention basin and the percentage the maximum
pool will occupy.

» How nuisance flows will be handled.
= Pedestrian circulation and park amenities.

= |llustrate how River Rock Park will be integrated with Rimrock West Park to
provide a seamless transition between the two parks.

= Provide a detailed opinion of probable cost of improvements with factors adjusting
for inflation for five years.



MASTER PLAN PROCESS

I he master plan process was guided by the policy provided by
the City of Billings Parks, Recreation and Public Lands
Department (PRPL). The procedure included the hiring of a
consultant by the developer, who is responsible for the creation
or compilation of base data, review of legal requirements,
meeting with staff, facilitating public meetings and preparing the
plan for approval.

PUBLIC MEETINGS

Two public meetings were held on May 26, 2011 and June 21,
2011 at Arrowhead Elementary School. The meetings were
legally advertised and property owners within the Rimrock West
Subdivision were notified of each meeting by postcard sent to the
property owner’s address.

The first public meeting included a review of the planning
process, overview of the proposed subdivision, a presentation of
a preliminary design concept and opportunity for Q&A as well as
an opportunity for written feedback regarding elements of the
plan and general comments. Thirteen people signed in at the
first meeting. Returned comments are included in the appendix.

The second public meeting reviewed the purpose of the process,
presentation of the comments received from the public, an
explanation on how the design addressed those comments, a
presentation of the proposed draft design, review of
implementation of the park elements and approval schedule.
Ten people signed in for the second meeting. Returned
comments are included in the appendix.




PARK LAND ELEMENTS
HI-LINE DITCH TRAIL

In the Heritage Trail Plan, the Hi-Line Ditch and the Big Ditch are shown as designated
trail routes. A 20-foot wide dedicated linear park will be provided along the south side
of the Hi-Line Ditch which a 10-foot pedestrian trail may be constructed. The park land
to accommodate the Hi-Line Ditch trail consists of 0.54 acres specifically for this
purpose.

BIG DITCH TRAIL

An existing multi-use trail runs along the south side of Rimrock West Park and ends
approximately 10 feet short of the west property line. As part of this plan, provisions
are made to extend the trail along the south edge of the park and traverse along the
the top of the berm separating the detention pond and the Big Ditch. At the southwest
corner of the park, near lot 10 and 11, a bike roundabout is suggested due to the fact
that the trail has the potential to “branch” in three directions. The trail can continue to
run south, following the Big Ditch; it may continue west following an old drainage ditch
to the subdivision’s west property line; and it may continue north to tie into South
Stone Creek Trail road, between lots 11 and 12.

PEDESTRIAN CIRCULATION

In addition to the two trail corridors defined above, additional pedestrian circulation
has been addressed within and around the park. Additional street right-of-way is
being provided along 46™ Street West. Although this 24 feet of right-of-way is not
park land, it will contain a meandering 5-foot wide sidewalk that runs from the north
side of Rangeview Drive to the north boundary of the River Rock Estates Subdivision.
This sidewalk will connect the two trail corridors identified above.

On the south side of Rangeview Drive, this sidewalk will connect on the west side of
the intersection of Rangeview Drive and 46" Street West, continue to the south for
approximately 125 feet, then connect to the existing trail extension that connects to
the Big Ditch Trail.

Pedestrians can utilize the sidewalks and trails in both parks, and a loop connecting
the sidewalks and trails is approximately one-half mile.



DETENTION BASIN

The storm drainage system for River Rock Estates Subdivision consists of a series of surface sheet and gutter flow,
underground piping, a detention pond and discharge into the Big Ditch. The storm drainage system has been sized by an
engineer to accommodate the 2-year and 10-year storm events as dictated by the City of Billings Stormwater Management

Manual (SWMM), dated February 2003.

A detention pond is located on the south side of River Rock Park. The configuration of the pond allows for unprogrammed
open space activities during non-storm events. The surface area of the detention pond is 1.5 acres, or 25 percent of the

dedicated park land area. However, the detention pond is designed to
drain completely within 24 hours of a 100-year storm event to the Big
Ditch. The storm water calculations include up to 5 cubic feet per
second of flow from the eastern two-thirds of the future subdivision to
the north of River Rock Estates.

A stormwater discharge agreement has been entered into between the
subdivider and the Big Ditch Company. The stormwater flows from the
River Rock Estates subdivision are permitted to discharge to the pre-
development rate as outlined in the SWMM or the DEQ Circular 8,
whichever is more restrictive.

A 15-inch outlet pipe transports the water in the detention pond to the
Big Ditch. The invert out elevation of the pipe is set at one-foot higher
than the high water mark in the ditch, preventing water from the ditch to
back up into the pond.

Nuisance flows will be handled through an under drain system that
picks up outflows from the 12-inch pipe on the west side of the park,
and transport those flows underground to the storm drain outlet
structure located at the east end of the park.

On the south edge, a berm with 4:1 slopes to the ditch and 6:1 slopes to
the pond creates the south edge of the basin. A spillway crest is
centered on the berm, which the trail will traverse over the spillway.
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UNPROGRAMMED OPEN SPACE

Unprogrammed open space is a vital component of the Billings’ park systems. These
spaces consist of large open areas, graded near 2 percent or less and are clear of built
elements or vegetation. The demand for these types of spaces is high. Rimrock West
Park is heavily used by organized groups for sports practices and gatherings. River
Rock Park contains almost 3 acres of this type of space. The spatial dimensions of the
layout and grading accommodate at least one regulation-sized junior high soccer field.

The open space will be bordered on the east and west sides by deciduous and
evergreen trees. The unprogrammed open space will consist of a low water turf-type
seed mix and will be irrigated. The fence line currently along the east boundary of
River Rock Park will be removed. No visible boundaries will be set between the two
parks at this location. The east side of the park will blend into the west side of Rimrock
West Park, creating a seamless transition between the two parks.

LAWNS AND NATIVE LAWN AREAS

The unprogrammed open space areas will receive a seed mix that is conducive to
heavy foot traffic, responds well to weekly mowing and is appropriate for the solil
conditions. The final seed mix may vary due to improvements in varieties between the
adoption of this master plan and actual implementation. However, this seed mix
provides a guideline for the master plan.

Irrigated Lawn Mix:

20 percent Grande Il Tall Fescue

20 percent Spyder LS Tall Fescue

20 percent SR 8650 Tall Fescue

20 percent Titanium Tall Fescue

10 percent Champion Perennial Ryegrass

10 percent Moonlight SLT Kentucky Bluegrass

A native lawn mix is recommended for the steep slopes along side the Big Ditch Trail,
reducing the amount of lawn area required for irrigation and weekly maintenance. Note
that a native mix takes approximately two years for proper establishment. During the
establishment period, weed control and possibly reseeding for erosion control may be
necessary.

Native Lawn Mix

30 percent Hard Fescue

20 percent Canada Bluegrass

15 percent Fairway Crested Wheatgrass
15 percent Sheep Fescue

10 percent Sodar Streambank Wheatgrass
10 percent Perennial Ryegrass




IRRIGATION SYSTEM

The large, open space in the main park area will have an automatic irrigation system. The irrigation system shall comply
with the City of Billings PRPL standards and requirements for Maxicom Central Controls. The irrigation system is usually
the most expensive piece of infrastructure located within a park.

There are four possible water sources to supply the irrigation system at River Rock Park. Domestic, potable water is
available at the north end of the park, in a water main line below Ridgeview Drive. However, utilizing a new potable water
source will increase construction costs due to the system development fees.

Another option is to utilize the existing potable water connection in
Rimrock West Park. This water connection currently has a 4-inch
service line with a 2-inch meter. Upsizing the meter from a 2-inch to a
3-inch meter would provide an additional 190 gallons per minute for
the system in River Rock Park, plus the system development fees
would be the difference of cost from a 2-inch to 3-inch meter. If this
water source is selected, a new irrigation controller would be
necessary for River Rock Park.

An exempt well could be drilled to supply the water for the irrigation.
Under current State law, the maximum production out of the well can
only be 35 gallons per minute or 10-acre feet per year, whichever is
less without going through the water rights process. These limitations
are constantly under scrutiny from the State Legislature, and may
change at any time. However, pursuing a groundwater right is an
option in this area.

The agreement with the Big Ditch Company to allow stormwater
discharge specifically states that shares purchased under the
stormwater agreement do not constitute an agreement or right to
remove water from the ditch for any purpose. However, a separate
purchase of shares could be considered for purposes of irrigating the
park. The result would be the placement of a pump station to filter
and provide the necessary capability to do such work.




PARKING LOT

As part of the platting process, an off-street parking area is required immediately east
of Lot 2, Block 6. Six parking stalls are required with a 10 foot landscape buffer on the
west side.

PICNIC SHELTER

Through the master plan process, staff and meeting attendees indicated a need for a
picnic shelter and/or additional picnic tables to be placed in the most active areas of
River Rock Park. The picnic shelter is depicted on the master plan immediately south
of the parking area for ease of loading/unloading, garbage control and views to the
playground in Rimrock West Park. The diagram depicts a 16-foot by 24-foot shelter,
which would cover two tables; however, during implementation, the actual size and
design would be decided.

PLAYGROUND

During the public process, several meeting attendees cited the need for additional
playground area to compliment the existing structures at River Rock Park. It was
suggested that a smaller, preschool-aged playground be placed within the vicinity of
the picnic shelter. A 660 square foot playground area is depicted on the master plan.
During implementation, the actual size and configuration would be determined.

Example of a pres-school play apparatus Example of a 2-table shelter

SITE FURNITURE & ADDITIONAL AMENITIES

Miscellaneous site furniture such as picnic tables, benches, interpretative signs and
trash receptacles are additional amenities that could be provided in this neighborhood
park.

Trees and some shrubs are depicted on the plan for graphical representation. The
actual tree species will be determined at the time of implementation and placed
appropriately within the site conditions. However, in general, the intent is to keep as
much of the unprogrammed open space as open as possible, and place the trees in
these areas along the perimeter of the park. In addition, staff requested that trees be
concentrated around the parking lot, shelter and playground area for microclimate
control.



SPECIAL IMPROVEMENT DISTRICT

A Special Improvement District (SID) will be created when building permits are issued for 60% of all the lots in River Rock
Estates. This assessment will fund the park improvements detailed in the approved park master plan. At the time of the
creation of the SID, the City of Billings will engage in a public process to determine to what extent the improvements are
paid for through the SID. At a minimum, the SID will cover any remaining grading and earthwork, the irrigation system

and water source, the seeding of turf and native grasses and trees.

Additional improvements of this master plan may include the picnic shelter,
Heritage Trail extensions, sidewalks, parking lot, playgrounds and site
furniture. These are considered to be optional improvements. The property
owners, through a public process, will have the opportunity to decide if
these improvements are appropriate for the initial phase of implementation.

DEVELOPER REQUIREMENTS

The developer is required to implement the necessary grading for the
stormwater detention pond, storm drain pipe, seeding of disturbed soils, the
under drain and the sidewalk along 46" Street West.

PARK MAINTENANCE DISTRICT

Immediately upon approval of the Final Plat, the lots associated with River
Rock Estates Subdivision will form a park maintenance district (PMD) to
fund the on-going operational and maintenance expenses associated with
the park. After the park is developed, the PMD will be re-evaluated to see if
cost savings can be achieved through combining area PMDs.

Opinion of Probable Costs (2011 dollars)

Required improvements paid through the SID

$254,248
Optional improvements at the discretion of the
property owners $319,594
TOTAL $573,842

Average cost per acre at total build out:
$95,323

Note that optional improvements may be
funded through other means such as grants,
private fund raising, donations, etc.

A breakdown of costs and inflation projections
is included in the Appendix.



Master Plan Graphics

Opinion of Probable Cost

Comments Received from Public Meetings
Stormwater Design Report

Stormwater Engineering Plans
Stormwater Discharge Agreement
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OPINION OF PROBABLE COST
Project: River Rock Park

Phase: Master Plan

Date: July 13,2011

Prepared By: Peaks to Plains Design, PC

Year 1 Year 2 Year 3 Year 4 Year 5

Inflation at Inflation at Inflation at Inflation at Inflation at
REQUIRED IMPROVEMENTS PAID THROUGH A SID TOTAL 2.4%* 2.4% 2.4% 2.4% 2.4%
Irrigation System & Water Source $ 109,825 |$ 112,461 | $ 115,160 | $ 117,924 | $ 120,754 | $ 123,652
Earthwork $ 35,344 | $ 36,192 | $ 37,061 | $ 37,950 | $ 38,861 | $ 39,794
Seeding $ 23852 | $ 24,424 | $ 25,011 | $ 25,611 | $ 26,226 | $ 26,855
Trees $ 5750 | $ 5888 | % 6,029 | $ 6,174 | $ 6322 | % 6,474
General Overhead, Fees & Contingency $ 79,477 | $ 81,384 | $ 83,338 | $ 85,338 | $ 87,386 | $ 89,483
TOTAL $ 254,248 [$ 260,350 | $ 266,599 | $ 272,997 | $ 279,549 | $ 286,258
OPTIONAL IMPROVEMENTS AT THE DISCRETION OF THE
PROPERTY OWNERS AT THE TIME OF IMPLEMENTATION
Picnic Shelter & Concrete Pad $ 38,550 | $ 39,475 | $ 40,423 | $ 41,393 | $ 42,386 | $ 43,403
Non-Heritage Trail Sidewalks $ 7,740 | $ 7,926 | $ 8,116 | $ 8311 | $ 8510 | $ 8,714
Playground $ 35,263 | $ 36,109 | $ 36,976 | $ 37,863 | $ 38,772 | $ 39,703
Site Furniture $ 5819 | $ 5959 | $ 6,102 | $ 6,248 | $ 6,398 | $ 6,552
Parking Lot $ 32,034 | $ 32,803 | $ 33,590 | $ 34,396 | $ 35,222 | $ 36,067
Hi Ditch Trail $ 78,819 | $ 80,711 | $ 82,648 | $ 84,631 | $ 86,662 | $ 88,742
Big Ditch Trail and Connection to future subdivision to the west $ 121369 [$ 124282 | $ 127,265 | $ 130,319 | $ 133,447 | $ 136,649
TOTAL $ 319594 [$ 327,264 | $ 335,119 | $ 343,161 | $ 351,397 [ $ 359,831
TOTAL ALL IMPROVEMENTS $ 573842 | $ 587,614 |$ 601,717 |$ 616,158 | $ 630,946 | $ 646,089
Cost per acre (6.02 acres) $ 95,323 | $ 97,610 | $ 99,953 | $ 102,352 | $ 104,808 | $ 107,324
*Average annual inflation 2001-2010 was 2.38%. Source: http://www.usinflationcalculator.com/inflation/historical-inflation-rates/
6/30/2011 Master Plan





















Jeanneilc Erg fehart

River Rock Estates Subdivision
River Rock Park Master Plan
Public Meeting #1
May 2011

The problem with the current proposal is the amenities at the
new portion of the park (River Rock) will pale in comparison to that of
those currently paid for and maintained by Rim Rock. And if the plan
is for a seamless park, then River Rock and Silver Creek should pay
to establish the River Rock portion of the park with all three
subdivisions (Rim Rock, River Rock & Silver Creek) to pay equally for
maintenance of the combined park.

From the sound of the proposal, Silver Creek would have no
SID or maintenance fees AND will have a lower than required
financial contribution being some of the land being donated for River
Rocks development will benefit Silver Creek.

The questions you have about the park:

1. The activity and frequency of use of the park totally depends
upon the facilities available.

2. Amenities for the park should include pre-school play
equipment and a shelter with adequate seating for the demand
anticipated at the park. Please also consider other painted
play area like hopscotch, 4 square etc. | would hope the city
has templates that parks and schools can use where it would
be an inexpensive addition to a path by the piay or picnic area.

3. Ifthere is a path to the open space, it should loop to connect to
somewhere so it can be used as a walk/run/bike path. If not it
should have a bench at the end of the path.

4. The proposed area for picnic shelter is good but seriously
inadequate . There should be enough seating for families to
pichic or sports teams, like soccer, to have snacks. There
should be at least 4-6 picnic tables, preferably room for 8 to 10
to accommodate muitiple groups.



5. Itis important to keep maintenance cost to a minimum, but it
appears the city is willing to accept lots of useless land: area
planned for native grass and the water retention area which
will be a swap for mosquitoes. By observing Rim Rock Parks
water drainage area, the areas in both parks will be useless
with Rim Rocks being worse if it is to be a water retention area.
As someone at the meeting pointed out at times, like these, the
drainage ditch is already full and | fear that trying to add more
water to it will cause damaging floods somewhere. Especially
with the increase in severe weather the country including this
area have come to experience in recent time. Although no one
can predict the future, we can be wisely prepared for what is
reasonable to expect in this tumultuous climate.

Other comments:

After attending the River Rock Park public meeting, my biggest
concern is in the fundamentals of the plotting, in that some of the land
donated will be in exchange for allowing Silver Creek subdivision to
be developed - at an unspecified time. The people entering the
agreement now (city council members and current land
owner/developer) may not be the ones having to finalize/settle the
agreement. Laws and topography might change between now and
when the land is requested to be plotted for development, leaving the
city in a compromised position. It should be all or nothing at the time
of plotting. If ANY land donation for Silver Creek development is to
be accepted, then ALL plotting of Silver Creek should be done at this
time. It would be unethical to not have a complete legal agreement
between the city and developer for Silver Creek. The only way to do
that is remove any allowances (laws might change between now and
when it is developed) for Silver Creek or include plotting of Silver
Creek with River Rock and the land donation/financial settlement as
required by law. The current proposal also leads to a problem of
Silver Creek not paying for development or maintenance fees for
their local park.












STORMWATER DESIGN REPORT

FOR

RIVER ROCK ESTATES SUBDIVISION

BILLINGS, MONTANA

INTRODUCTION

River Rock Estates Subdivision is generally located between Poly Drive and Rangeview
Drive, on the western side of 46™ Street West in Billings, MT. This report details the
necessary stormwater management facilities required for this project site. The design
conforms to the City of Billings Stormwater Management Manual (SWMM), dated
February 2003.

GENERAL INFORMATION

The proposed storm drainage system for this project consists of a series of surface sheet
and gutter flow, underground piping, a detention pond, and discharge into an existing
irrigation ditch which runs along the southern edge of the property. The underground
system is comprised of 12-, 18-, 24-, and 27-inch pipe and 48- and 60-inch diameter
concrete manholes, with curb inlets at appropriate locations around the site. The total
surface area contributing to stormwater flow is approximately 36 acres and the existing
slopes on-site range up to 2.5%, generally sloping to the south. The storm drainage
system has been sized to accommodate the 2-year and 10-year storm events. This system
has also been designed to convey up to 5 cfs from the future Silvercreek Subdivision to
the north.

CALCULATION PARAMETERS

The following calculations are based on the design procedures documented in the
SWMM for the City of Billings, Sixth Edition, dated February 2003.



The estimated post-development area flowing to each stormwater inlet is displayed on the
stormwater exhibit (Figure 1). For each of these areas, weighted “CN” values were
determined based on the respective ratios of lot area to street area. This area lies in the
Wanetta soil group (Group “B”), which results in a “CN” value of 72 for the lots and 90.2
for street right-of-ways. For the SCS method, the direct runoff is reported in Table 2-8 of
the City of Billings Stormwater Management Manual (SWMM). The flow calculations
for each basin can be found in the Appendix.

INLET CALCULATIONS

SWMM states the 2-year and 10-year storms must not overtop the curb. The maximum
allowable flow depth is then 0.46 feet, which equals the vertical distance from the flow
line to the top of curb. All inlets on this site are sag inlets with the exception of two on-
grade inlets along North River Rock. To be conservative, it was assumed that all of the
flow bypassed these on-grade inlets and continued to the next sag inlet.

SWMM Chapter 4 allows a sag inlet operate as a weir up to a depth of 0.40 feet. Since
the allowable depth is 0.46 feet, the weir equation and the orifice equation were
compared at that depth. It was determined that the weir equation provided a more
conservative constraint. Calculating the flow for the inlets using the weir equation at a
depth of 0.46 feet gives:

Q=30*P*d"®
Where, P = perimeter of inlet excluding curb side = 4.92 feet
d = depth = 0.46 feet

Q=3.0*4.92 *0.46™° = 4.60 cfs

Since the maximum flow is less than 4.60 cfs to each inlet (highest flow to a single inlet
is 3.72 cfs), no additional inlets will be needed at the sag curves.

UNDERGROUND PIPE CAPACITY

Pipe sizing was based on the SCS Method as outlined within SWMM. The 2-year storm
event’s total flow was found to be 6.32 cfs for River Rock Estates Subdivision alone. The
pipe network of River Rock, however, must also accommodate a portion of the flow, up
to 5 cfs, from the eastern two-thirds of the future Silvercreek subdivision. The proposed
pipe capacities are found by utilizing Manning’s formula:

Q = (1.49/n) * A * R?® * S¥2 where all variables are as defined in the SWMM.

The following table summarizes each proposed pipe run and its slope, calculated
capacity, contributing basins, and the total flow it will need to carry.



Pipe Size (inches) Slope (%) Capacity (cfs) Contributing Basins Total Flow (cfs)
12 0.50 2.52 Basins 13 and 14 0.73
18 0.50 7.46 Silvercreek 5.00
18 2.00 14.92 Basins 3,4, and 10 1.70
24 0.50 16.04 Silvercreek, 1,2, &5 6.54
27 0.25 21.89 Silvercreek + Combined 11.32
River Rock

The SWMM also specifies that the 100-year storm flow shall not exceed a depth of 18
inches over the gutter. Using the same parameters described above, the 100-year flow
rate for Basin 9 (the largest) is found to be 8.83 cfs. For this case, the maximum depth
allows for the use of the orifice equation:

Q = 5.37 * A * d"? where all variables are as defined in SWMM and A is
assumed to be 60% of the total inlet area.

Holding the depth constant at 1.5 feet, the capacity of the grate inlet serving Basin 9 is
found to be 11.35 cfs and is therefore sufficient to prevent a ponding depth greater than
1.5’ over the gutter.

To account for head loss, the system was modeled with the Hydraflow “Storm Sewers”
program. This program graphically displays the hydraulic grade line versus finished
ground. For the 2-year storm, finished ground needed to be higher than the hydraulic
grade line. In the case of a 10-year storm, however, the hydraulic grade line could be up
to 0.46° higher than the finished ground line, due to the allowable spread in the gutter.
This model indicated the inlet and pipe system was capable of handling all of the flow
from River Rock and the eastern two-thirds of Silvercreek during the 2-year storm event.
For the 10-year storm event, however, only 5 cfs of the total 21.04 cfs from Silvercreek
could be handled by the pipe system without over-topping the curb. To verify that the
remaining 16.04 cfs could surface flow to a detention basin in Silvercreek and not over-
top the curb, Manning’s equation was applied to the typical cross-section of a local street.
This calculation showed surface flow could be as high as 31.10 cfs.

The City of Billings SWMM states that during the 100-year storm event, water may reach
a depth of 1.5” over the gutter. Since none of the sag vertical curves is deeper than 1.5’,
all stormwater could overtop the road high points and reach the retention pond in the park
via the parking lot. Manning’s equation was used to find the maximum surface flow with
a cross-section that extended 1.5 above the gutter flow line. This calculation yielded a
result of 647.17 cfs. Since this flow is greater than the total 100-year flow from both
subdivisions, it indicates that the inlet and pipe system can accommodate the 100-year
storm event without exceeding a water depth of 1.5’ over the gutter.




CONCLUSIONS

The above calculations illustrate that the proposed storm drainage facilities are capable of
accommodating the required 2-year and 100-year flow conditions as specified in the City
of Billings SWMM.



06-169 River Rock Estates Subdivision
Stormwater Calculations

9/12/2008

Determining Direct Runoff Depth (R) from 2-8

Residential Residential Street Street Composite
Basin | Area (sg. mi.) CN Area (sg. mi.) CN CN R (2-yr) R (10-yr) R (100-yr)
1 0.0043 72.0 0.0009 90.2 75 0.142 0.483 1.218
2 0.0003 72.0 0.0003 90.2 81 0.280 0.740 1.620
3 0.0036 72.0 0.0010 90.2 76 0.160 0.520 1.270
4 0.0048 72.0 0.0009 90.2 75 0.142 0.483 1.218
5 0.0008 72.0 0.0011 90.2 83 0.340 0.860 1.780
6 0.0004 72.0 0.0006 90.2 83 0.340 0.860 1.780
7 0.0043 72.0 0.0003 90.2 73 0.110 0.410 1.110
8 0.0004 72.0 0.0006 90.2 83 0.340 0.860 1.780
9 0.0039 72.0 0.0028 90.2 80 0.180 0.560 1.330
10 0.0003 72.0 0.0006 90.2 84 0.370 0.900 1.830
11 0.0001 72.0 0.0006 90.2 88 0.540 1.120 2.170
12 0.0000 72.0 0.0004 90.2 90 0.629 1.266 2.336
13 0.0005 72.0 0.0007 90.2 83 0.340 0.860 1.780
14 0.0006 72.0 0.0006 90.2 81 0.280 0.740 1.620
Time of Concentration
Gutter Gutter Gutter Time of | Hydrograph
Basin |Lot Length (ft)| Lot Slope (%)| Lot Vel. (fps) | Length (ft) Slope (%) | Vel. (fps) | Conc. (min) Used
1 100 15 0.7 460 1.0 2.0 6.21 0.1
2 30 1.7 0.8 115 1.3 2.3 1.46 0.1
3 165 1.0 0.7 665 2.5 3.1 7.50 0.1
4 645 2.5 1.1 145 0.7 1.7 11.19 0.2
5 40 1.8 1.0 830 2.2 3.0 5.28 0.1
6 20 15 0.9 565 2.4 3.1 341 0.1
7 610 24 1.1 70 0.8 1.9 9.86 0.2
8 20 8.0 2.0 510 24 3.1 2.91 0.1
9 240 14 0.8 550 24 3.1 7.96 0.1
10 0 1.0 1.0 340 0.7 1.7 3.33 0.1
11 0 1.0 1.0 230 1.2 2.2 1.74 0.1
12 0 1.0 1.0 240 1.1 2.1 1.90 0.1
13 20 8.0 2.0 400 0.5 14 4.93 0.1
14 20 8.0 2.0 500 0.5 14 6.12 0.1
Peak Runoff = gqPxRxA
Basin qP 2-yr R (cfs) 10-yr R (cfs) 100-yr R (cfs)
1 991 0.73 2.49 6.28
2 991 0.17 0.44 0.96 Hour qP
3 991 0.73 2.37 5.79 0.10 991
4 796 0.64 2.19 5.53 0.20 796
5 991 0.64 1.62 3.35 0.30 658
6 991 0.34 0.85 1.76 0.40 575
7 796 0.40 1.50 4.06 0.50 496
8 991 0.34 0.99 1.76 0.75 388
9 991 1.20 3.72 8.83 1.00 316
10 991 0.33 0.80 1.63 1.25 271
11 991 0.37 0.78 151 1.50 236
12 991 0.25 0.50 0.93 2.00 192
13 991 0.40 1.02 2.12
14 991 0.33 0.88 1.93
6.88 20.16 46.44
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MAX DISCHARGE = 22.56 CFS

SEE NOTE 1 SEE NOTE 2

NOTES:
HI—LINE DITCH

1. SILVERCREEK POND 2
VOL = 4210 CF
MAX DISCHARGE TO
PIPE = 2.5 CFS,
MAX DISCHARGE TO
DITCH = 20.2 CFS

SILVERCREEK
POND 1
VOL = 3,250 CF

2. SILVERCREEK POND 3
VOL = 4210 CF
MAX DISCHARGE TO
PIPE = 2.5 CFS,
MAX DISCHARGE TO
DITCH = 20.2 CFS

BASIN CHARACTERISTICS:

BASIN 2:

AREA = 0.0623 SQ. MILES

PRE 100-YR FLOW = 40.51 CFS
POST 2—YR FLOW = 6.49 CFS
POST 10-YR FLOW = 21.04 CFS
POST 100-YR FLOW = 51.89 CFS

BASIN 1:

AREA = 0.0347 SQ. MILES

PRE 100-YR FLOW = 22.56 CFS
POST 2—-YR FLOW = 2.80 CFS
POST 10-YR FLOW = 10.88 CFS
POST 100-YR FLOW = 29.36 CFS

BASIN [ AREA (AC) [ 2=YR (CFS) [10-YR (CFS) [100-YR (CFS)
1 3.31 0.73 2.49 6.28
2 0.37 0.17 0.44 0.96
3 2.95 0.73 2.37 5.79
4 3.64 0.64 2.19 5.53
5 1.23 0.64 1.62 3.35
6 0.66 0.34 0.85 1.76
7 2.95 0.40 1.50 4.06
8 0.67 0.34 0.99 1.76
9 4.49 1.20 3.72 8.83
10 0.58 0.33 0.80 1.63
11 0.42 0.37 0.78 1.51
12 0.22 0.25 0.50 0.93
13 0.74 0.40 1.02 212
4 0.80 0.33 0.88 1.93

RIVER ROCK POND

MAX DISCHARGE =
12 CFS

\THE BIG DITCH

LEGEND

27" STORM MAIN
24" STORM MAIN
18" STORM MAIN
12" STORM MAIN
DITCH

DRAINAGE BASIN

150 300

SCALE (FEET)
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56’ ROW FOR LOCAL STREETS

e

74" ROW FOR RANGEVIEW

30" WIDE FOR LOCAL STREETS
48' WIDE FOR RANGEVIEW

R .| 5 WDE ¢ 5 WDE | R
BOULEVARD HOT PLANT MIX BOULEVARD
ASPHALT CONCRETE
1 s woE PAVEMENT, 3" THICK, IN 5 WDE ||
SIDEWALK _ (2) 1-1/2" THICK LIFTS SIDEWALK
1.5%—= - 2.0% 2.0% ——1.5%
| e——
e = O 0 S S S = Iy
2 WIDE i _ 2' WIDE
CURB & _fv_lo._xm &
GUTTER 1 MINUS SUBEXCAVATION CGUTTER
ROAD MIX, WHERE REQUIRED NOTES:
12" THICK AT THE DIRECTION
OF THE ENGINEER 1. DOWEL WALK TO CURB AND GUTTER WITH 2’ MAX. ON
CENTER. EPOXY COATED #4 REBAR, 1’ IN LENGTH.
\j SECTION 2. DETECTABLE WARNING PANELS TO BE INSTALLED ON ALL
C2-4-7) TYPICAL ROAD CROS5 SECTION
0 5 10 15
SCALE (FEET)
74’ ROW
35' EDGE OF PAVEMENT |
APPROX. TO EDGE OF PAVEMENT
_”. 2.5' NEW
ROAD APPROX. CENTERLINE
BOULEVARD | | BOULEVARD OF EXISTING PAVED ROAD g
~— (WIDTH VARES) (WIDTH VARIES) s | CONTINUE TO 27" STORM
5 WDE | 16" EXISTING 165 EXISTING e LR RN DRAIN @ 0.5%
SIDEWALK PAVED ROAD PAVED ROAD SIDEWALK
~
SR == 20% 2.0%
CiE < = = 8
SEE PLAN VIEW 2' WDE | |
FOR MEANDERING CURB & HOT PLANT MIX
SIDEWALK LOCATION GUTTER ,|>m_v1>_,._. CONCRETE
1 MINUS PAVEMENT, 3" THICK, IN
RoAD WX (2) 1-1/2" THICK LIFTS
12" THICK

\\\

/ 2"\ SECTION

@ 46th ST. WEST CROSS BECTION

9 5 10

15

™ e P g

SCALE (FEET)

FLow —

6" PERFORATED
PIPE UNDERDRAIN T\

INV. = 3302.00

/ 2\ DETAIL

2’ WIDE CURB___|
AND GUTTER

EDGE o_.-|\

PAVEMENT

@ STORM DRAIN OUTLET STRUCTURE

NTS

~=—1

LoT

I

5' WIDE SIDEWALK

i

I

5 WIDE BOULEVARD

i

DETECTABLE WARNING PANELS
SEE DETAIL Sm_M02529—-8c

/1 DETAIL

@ ACCESSIBILITY RAMP DETAIL

NTS

60" SDMH

SUMP = 3329.40

;

GRATE FLUSH WITH POND BOTTOM
ELEVATION = 3304.50

INV IN = 3300.25

INV OUT = 3300.15

15" STORM
DRAIN

QUTLET TO U_._.OI\\

INV OUT = 3299.65

3 o
2 H
9 s
27" STORM DRAIN o g
1/ 3 - z
=2 ]
- REE R e e R
T & ) S S SRR O S BB 2005008, 870, 5 205284 &0 §
6" PERFORATED 60" SDMH g DT ) muom 0% O@@@ﬁ%wmom@mw@o 52,55 mmo,o %UwoOowooO @mww@@ :
PIPE UNDERDRAIN _\(Q 2 = 1" FROM QUTLET 0K DR OB Sl 2d L 0ReL. g oo@oooow% OF0) £
e == - D o ﬁqo HIGH WATER OO0 5020085 $E 20 3OS OoOO%uOooOomOO b £
_ —_— = L7 ERGSION nmoﬂodoz@ 2 15" OUTLET PIPE omo namm m@ww&oooo WUUOD :
_ — — POND BOTTOM \ 15" ocwr__mm oOooowO%%mOmM% o %mowwoﬁ% ommuvomu @OooOOw%uu wm@u D
Sealse e, OWWMM IO SBI S 32 ST O §
RO - = E
\\ 1.32" THICK R TR RORIR 34 B8 D0 RE0 00020 IR 2 :
P
\Emaxx — FILTER FABRIC ¥ N H
[~ , MDT CLASS | =8
- RIPRAP g5 :
— PROFILE VIEW 2 3
/3 DETAIL (4 \ DETAIL —__L
@ U_PHH,O: OUTFALL Co-4 ﬁ%ﬁﬁ RIPRAP EROSION PROTECTION 7
NTS g
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STORM DRAIN OUTFALL / /
SEE PLAN & PROFILE
VIEWS THIS SHEET
13 TOP BACK OF CURB OPENING /
STA. 4+20.91
14 OFFSET 17.00' LT (T0 TBC) 12 .
CONSTRUCT 30" STD. STORM 11
DRAIN INLET WITH TYPE Il 13
STA. 1491.50 GRATE INLET, 6" SUMP, ., 10
OFFSET 6.00' RT 243 LF 12" LATERAL CLASS 5 1" TYPE K COPPER
SSMH #21 STA. 3+26.22 GRATE EL. = 3309.07 o MMM%%%&%SQ
OFFSET 20.00° LT Wolk 2 339832 DATA TABLE SHEET C2-2
STA. 1+77.28 14.00' LEAD INV. OUT = 3306.23
OFFSET 7.08' LT HYDRANT ASSEMBLY PIPE SLOPE = 0.53%
8” 11.25" BEND FG = 3310.59 0e.57 bo.76 STA. 4+90.49
STA. 1+47.52 8.5 BURY P . mmﬂmww.m.mwmwci
OFFSET 7.38' LT i :
5 ; _— A T ") T 9 {
8" 22.5° BEND “‘ | EOY 1 i | STA. 5435.32
I |o o | o OFFSET 8.69" LT
= =
- v _ Z | _ < _ 8" 22.5° BEND
aal = L v ] P
- STONE-CREEF | o oo~
§ [ N 10.30
I L
09.57 09.79/ /
LP \< 09.83 BLOCK 8 12" STORM DRAIN
TOP BACK OF CURB OPENING
STA. 4+20.91 STA. 5+03.71 3
«o& OFFSET 17.00' RT (TO TBC) OFFSET 6.00° RT TBC “No
6 P CONSTRUCT 30" STD. STORM SSMH #22 R=44.0 10.60 N = 32049.74
7 DRAIN INLET WITH TYPE Il © E = 44137.63
3\ GRATE INLET, 6" SUMP, 10.37' LEAD 11
| 2 29 LF 12" LATERAL CLASS 5 - mm%\,w%%wmmgmi
> = = .
> & GRATE EL. = 3309.07 10.36 & .
BLOCK 3 q«»/ 2 INV. OUT = 3306.49 4 7.5" BURY
PIPE SLOPE = 0.55% ®
2, R 1220 1 STA. 2+88.29
& 3 R OUTLET
> - P wuwm/m% N = 32054.34 10 & FPARK
N e, 3 PHASE II SEE oW SERVICE E = 44146.92 PROVIDE 4’ WIDE X 5 LONG ®
w ® DATA TABLE SHEET C2-2 8'X6" REDUCER EROSION CONTROL PAD, X
/ N P 6" 22.5° BEND 18" THICK WITH 4-8" COBBLE =
Q
5 %00 STA. 6+37.71 10.93 TBC i \y —
\ 7, OFFSET 15.82° LT HP R=51.0 7 6" PERFORATED
SSMH #23 PIPE UNDERDRAIN
% BLOCK7 PHASE III # 6
- 5 , -, /
5 PLAN VIEW - SOUTH STONE CREEK PLAN VIEW - STORM DRAIN OUTFALIL
(=} ©
(1) REMOVE AND DISPOSE = %
OF EXISTING END CAP — 3 S Z
CONNECT TO EXISTING 8” & = .
INV. ELEV. = 3306.5&% 02 ] [ ) 9 3325
< ]
blB Elg Y B G OF SOUTH STONE CREEK
(@) REMOVE PLUG — «|v 212 3§ 3 8 © 3315 —3315
CONNECT TO EXT'G SSMH HERRA RS ° 3 = S ¥
INV. ELEV. = 3303.14* dim Iin g =] = N S ©
& & 5 LOW PT STA: 4+19.73 S B x & ]
3320 w & LOW PT ELEV: 3309.46 + L3320
(® CARRY NORMAL CROWN al> wlr o PVl STAF 4407 89 &S © i I =l FUTURE
OF SIDE STREET TO |y <D NN PVI ELEV: 3309.33 I I < Lo 0|8 EXISTING FINISHED
CURB RETURN Ol Sld T (EXISTING SSMH) K: 35.00 < =|_ Sle nls x|r GROUND GROUND
£ RIM=3313.33 FINISHED LVC: 71.01 5% R «|o |8 §|R 3310 MAINTAIN [-3310
“OINV.=3302.96 OUTN GROUND - > x| 2 <™ SR g 12” COVER
=gl INv.=3303.06 NS CENTERLINE 205 Bl x| 3 Nk Wi t |
2005 0L g3 513 &|"™ & e w| ! =]pe
33154 EXISTING RIM=3312.41 MB MB m " Wl w N o> w o —3315
GROUND INV.=3303.27 OUT N N i =1 2z =l z M H 278.95 IF 12
— = 5| 5 < o . ” o o —
“CONTRACTOR SHALL VERIFY R ~1.509 INV.=3303.37 IN SW glo S M= %5|@ “ SCoPE wo%mmwﬁm 5 SD o
ELEVATIONS OF EXISTING n o ol w 3305+ " 0% 3305 3
INSTALLATIONS AND NOTIFY 12% 29.00 LF 12" RCP CLASS 5 SD 3
ENGINEER OF ANY DISCREPANCIES —_ (6% 0.36% 2 SLOPE = 0.55% &
GREATER THAN 0.1 0.56% : |, INVERT = =
3310 — & 50% 3310 °
EXT'G UTILITY S PE RIM=3310.65 3304.75 E
CULVERT INSULATE SANITARY SEWER MAIN RIM=3309.86 ) INV.=3305.19 OUTE " 2
’ WHERE COVER IS LESS THAN 5.5’ /,Z<,Humo¥mo OUTN 4.0° MIN. 18" THICK mxom,oz..nozaxoh £
_'_.,,m' (FROM STA. 3+30 TO END). INV.=3304.70 IN‘W COVER 3300 PAD WITH 4—8” COBBLE. ls300 £
3" THICK INSULATION, 8’ WIDE 6.5 MIN. - 12> STORM DRAIN R I CONNECT TO FILTER MATERIAL i
CENTERED ON PIPE. COVER — — SECTION voﬂmm mﬂﬂ%ﬂwmm g
— g
%5077 @ & I R E— 12085 LF B - Fac 3305 i
I H 305.41 LF 8 PVC SS 1 SLOPE . z
— | R SLOPE = 0.40% H
] n
w\ f_|| 3295 3205 <
EXISTING ,
SEWER MAIN @\\ ENSURE MIN. 3
» 8" PVC 1.5 SEPARATION | N
3300 51.58 LF 8" PVC SS 3300 5
- = L _ WATER MAIN - AT CROSSING ol N al+ riT=) NI 5 H
SLOPE = 0.41% mmm 02 o5 9% ] S wmm. N[y wmm. 2088k % w
o] e 9 2 © S v 3 < N H
SR R B ez IR a3 sfR oz G Sy Wi ee 0+00 0+50 1+00 1450 2400 2450 3400 3450 <
+io R R 4 2 o e b9 e k
APl i I 71 N ML N Il n o Il 4"6H Il 7] K
N = 1" .l N N ) - g
B S 3 ) A = o = 3
PROFILE VIEW - STORM DRAIN OUTFALL §
B ] >0 Sjeo S Je 3 o B B 2 &Qr 3o H
w|© <2 M2 N N s o ==l o3 %% wm W_m o8 ol8 5
9 put el 2 NS =5 = 2 2 2 &
s el 23 s el e s ey 23 23 ] ol e &
o
3
In
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0425 0+00 0+50 1+00 1+50 2+00 2450 3+00 3+50 4+00 4450 5+00 5+50 6+00 6+50  6+70 100% PLANS FOR CITY REVIEW - | £
N g
PROFILE VIEW - SOUTH STONE CREEK NOT FOR CONSTRUCTION _ 1§
NO. REVISIONS DRAWN BY | DATE HORIZONTAL SCALE FEET VERTICAL SCALE FEET PROJECT # 06-169 SHEET
0 40 80 0 4 8 P
ﬁ RIVER ROCK SUBDIVISION - PHASES II AND I1II 32 DISCOVERY DRIVE Civil Engineeri = DATE: _04/18/11
— BozEiN T s il Engineering | [ = /7= C2-5
SOUTH STONE CREEK STA. 0+00 TO 6+45 PHONE w05 ss202z1 | Geotechnical Engineering |\ AT]JED
. FAX (406) 582-5770 Land Surveying ALLIED
PROJECT ENGINEER: JAJ DRAWN BY: JAJ wﬁr‘ﬁﬁzam ZQZ%>Z> www.alliedengineering.com yi SERVICES, INC. £ RIVER ROCK SUB.
DESIGNED BY: JAJ REVIEWED BY: PJS ) Oereaprot® SOUTH STONE CREEK




330

5300 |

4308

3307

3300
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S POND WATER SURFACE DURING
100~ YEAR STORM EVENT
AREA = 1.50 ACRES WHICH IS
o0 24.9% OF TOTAL PARK AREA
O\ —
D . —
9 -
) —
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6" PERFORATED
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6:1 SIDE SLOPES
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SEED PARK AND POND WITH
PERMANENT SEED MIX SPECIFIED
IN PARK MASTER PLAN.
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