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A. PROJECT LOCATION 

The proposed project is located at the southeast corner of the intersection of White Rock Road and 

Latrobe at 1010 White Rock Road in El Dorado Hills, County of El Dorado, State of California. The 

approximate coordinates of the project site are latitude 38.646036° north and longitude 121.067261° 

west. The project site and shed areas encompasses about 14.95 acres, inclusive of APN’s: 118-010-

12 and a portion of APNs 118-010-14 & 15, as well as off-site street improvements along Latrobe 

Road. The project’s location is shown on the Vicinity Map in Appendix A. 

B. EXISTING SITE CONDITIONS 

In its existing condition, the majority of the site is undeveloped with well-established grasses and 

intermittent trees.  The terrain would be best described as rolling hills.  The area generally is divided 

into three main shed areas.  Shed area A-X1 (as shown on the Pre-Construction Shed Map, SM1 in 

Appendix B) includesapproximately 27% of the overall project site, and slopes in an easterly 

direction, toward an existing concrete drainage ditch along the east property line. Shed A-X2 

envelopes over half of the project site (approximately 56%) and slopes in a southwesterly direction 

toward Latrobe Road.  It is tributary to an existing 24” storm drain that passes beneath Latrobe Road, 

approximately 1,150 feet south of the intersection of Latrobe Road and White Rock Road.  Shed A-

X3 is about 13% of the project site and is located at the southern tip of the site.   The shed slopes in 

a westerly direction toward another 24” storm drain that passes beneath Latrobe Road. Two smaller 

sheds (approximately 4%) to the north flow into the existing site storm drain system.  The highest 

part of the dividing ridge is located at the southeast corner of the adjacent Pottery World property, 

APN 118-010-14, at an elevation of about 638 feet.  The terrain slopes radially away from this area. 

The east facing slope is relatively steep, with slopes up to about 3:1.  There is a concrete drainage 

ditch located near the east property line, which runs along the back of the existing residential lots, 

intercepts the runoff and conveys it northerly to a drainage inlet near the far northeast corner of the 

property.  The terrain slopes back up to the residential homes east of the concrete ditch.  The west 

and southwest facing slopes toward Latrobe Road are also relatively steep with slopes up to about 

5:1.   There are rock lined drainage ditches along the east side of Latrobe Road which intercept 

runoff from the subject property and convey flows to two separate 24-inch culvert crossings of 

Latrobe Road.  The majority of the east side of Latrobe Road has AC dikes, which convey the road 

run-off by overside drains into these respective ditches.  One culvert crossing is on the west side of 

an existing driveway apron turnout about 790 feet north of the south property corner.  The other is 

east of the driveway apron about 235 feet north of the south property corner.  Flows from these 

culverts discharge on the west side of Latrobe Road and flow west into an existing channel that is 

tributary to Carson Creek.  Cason Creek is tributary to Deer Creek, which is tributary to the 

Cosumnes River.  Table 1 below summarizes the surrounding properties.  Site conditions can be 

found on the Pre Construction Shed Map SM1 located in Appendix B. 
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TABLE 1: SITE DESCRIPTION (SURROUNDING AREAS) 

North Developed commercial shopping / retail center and White Rock Road beyond   

South Latrobe Road and Golden Foothill Pkwy intersection 

East Cresleigh El Dorado Residential Subdivision 

West Latrobe Road 

 

The site contains two different soil types, both identified as Hydrologic Group D, which is generally 

characterized by low infiltration.  These soils include Auburn silt loam, and Auburn very rocky silty 

loam.  See Appendix C for soils information.  In discussions with the geotechnical engineer for this 

project, we have assumed zero infiltration for drainage and stormwater quality calculations due to 

the shallow bedrock on this property and the engineered fill required for the project site. 

The project site is not located within a floodplain (Zone X).  See a project Firmette in Appendix F. 

C. PROPOSED PROJECT DESCRIPTION 

The project involves the construction of 10 new buildings.  Building 1 is proposed as a two-story 

structure with the first floor as retail use and the second floor as office use.  Buildings 2, 4, 6 and 8 

are designated as single story retail.  Buildings 3, 5, and 7 are proposed restaurants, with a drive-

thru proposed for Building 7.  Building 9 is proposed office use.  Building 10 is a proposed four story 

hotel with the main entrance, offices, and meeting rooms on the first floor and guest rooms on floors 

2 - 4.  In total, approximately 127,322 square feet of new building is proposed with this project.  The 

exact square footage of each building will be identified during the design phase of the project. 

The project will also include paved driveways and parking facilities to serve all of the buildings.  The 

driveways will connect the already developed portions of Montano de El Dorado to the north to the 

proposed project at three different locations and will provide good vehicular circulation for the overall 

site.  Two new driveways along the Latrobe Road frontage are proposed as well.  The middle 

driveway will be the main entrance off Latrobe Road with a signalized intersection.  The more 

southern driveway is proposed as right-in right-out only. In addition to the paved driveways and 

parking areas, site hardscape will provide an accessible path of travel throughout the entire 

development. Landscaping proposed is consistent with El Dorado County standards. 

Due to the substantial grade differential from Latrobe Road to the top of the site, retaining walls are 

proposed along the Latrobe Road frontage to match in type and kind the walls that have already 

been constructed.  The tallest retained height of the wall along Latrobe Road is expected to be near 

the northwest corner of Building 8 where the wall is estimated to be about 19 feet tall.  A retaining 

wall is also proposed along the east property line.  The northern portion will retain soils from the 

project site, which is higher than the adjacent residential homes.  Northeast of Building 2 the wall 

reverses and starts retaining soil from the adjacent site as the proposed project elevations are lower.  
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Many additional internal retaining walls are proposed on-site due to the large grade differential as 

stated above.   

New curb, gutter, and sidewalk are also proposed as part of this project frontage improvements along 

the entire Latrobe Road frontage.  The curb, gutter, and sidewalk will be constructed based on the 

existing right-of-way and a 4-Lane Divided Roadway with a 6-ft wide shoulder (includes gutter pan 

of curb and gutter) and a 6-foot wide sidewalk.  However, the new retaining walls along Latrobe Road 

are proposed behind the new proposed right-of-way, which is based on an ultimate design of a 6-

Lane Divided Road per El Dorado County Standard Plan RS-01.  The proposed 4-lane layout 

provides a small strip of landscaped area between the back of the sidewalk and retaining wall which 

will serve as an aesthetically pleasing buffer for the sites frontage. 

New storm drain, sanitary sewer, and water lines are being proposed to serve the new development, 

in compliance with El Dorado County Stormwater and El Dorado Irrigation District requirements, 

respectively.  New storm drain improvements will also include both on-site and off-site drainage 

inlets, manholes and drain lines designed to collect and convey stormwater to one of the two 24” 

storm drains passing beneath Latrobre Road.  On-site storm drainage will implement a series 

network of Low Impact Development (LID) in conjunction with underground stormwater detention 

piping to detain runoff and mitigate to pre-development flows prior to leaving the site.  The LID 

measures will provide water quality as well as attenuation of the peak flows prior to entering the 

underground detention system.  The preliminary design of the on-site storm drainage is presented 

in greater detail in Sections G and H of this Report. 

The total area to be disturbed will be approximately 15 acres including both on-site and off-site 

improvements.  Site improvements can be seen on the Site Plan and the Preliminary Grading, 

Drainage and Paving Plans C1 & C2 in Appendix A. 

D. PURPOSE OF REPORT    

The purpose of this report is to present the preliminary design of the storm drain system and to 

demonstrate that the design is in compliance with the El Dorado County Drainage Manual, dated 

March 14, 1995 and the Western El Dorado County Storm Water Management Plan (SWMP), dated 

August 2004.  Per El Dorado County drainage requirements, 10-year event peak flows from the site 

must be detained and attenuated to match or be less than the pre-development flows.  Additionally, 

the design must provide an overland conveyance system to accommodate the 100-year peak flow.  

The report demonstrates that the preliminary drainage design meets both these El Dorado County 

drainage requirements. 

This report has also been structured to present stormwater quality measures to be implemented as 

Best Management Practices (BMPs) in accordance with the SWMP and CASQA Stormwater 

Pollution Prevention Plan.  Per the SWMP, this project falls under the Project Type 5 category 

because more than one acre of impervious area will be created.  In addition to the water quality and 

source control measures, Type 5 projects require hydromodification such that the 2-year, 24 hour 

storm does not increase from the pre development to post development condition.  This report 
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demonstrates that the preliminary drainage design meets the Project Type 5 requirements set forth 

by the SWMP. 

The report is divided into four (4) main parts: 

A. Description of existing drainage conditions and evaluation of existing storm drain system. 

B. Description and evaluation of the post-construction runoff, proposed storm drain system, and 

water quality treatment.  

C. Conclusions. 

D. Recommendations. 

E. EXISTING STORM DRAINAGE CONDITIONS 

As previously mentioned in Section B, the proposed project site is located on hilly terrain with the top 

of the hill located at the southeast corner of the adjacent Pottery World property (APN:118-010-14).  

The elevation at this area is about 638 feet.  The elevation along Latrobe Road varies significantly 

along the project site frontage.  At the northwestern most corner of the project site, the elevation at 

Latrobe Road is approximately 597 feet.  Approximately 690 feet north of the south property corner, 

Latrobe Road dips down to an elevation of about 574 feet.  Based on these values, there is a grade 

differential of between 41- 64 feet from the top of the existing hill to Latrobe Road.  The portion of 

the project site that sheds toward the gravel-lined drainage ditches along the east side of Latrobe 

Road are designated by Sheds A-X2 and A-X3 on the Pre-Construction Shed Map - SM1.  Each of 

these two sheds are tributary to one of two 24” storm drain pipes that convey water westerly, beneath 

Latrobe Road, outfalling on the west side of the road.  Shed A-X1 on Shed Map SM1 delineates the 

shed area within the proposed project site that currently drains to the concrete drainage channel 

running along the east property line toward an existing drainage inlet near White Rock Road.  Sheds 

A-X4 and A-X5 represent areas within the project area that, in the existing condition, discharge to 

the on-site storm drain network of the north-adjacent parcels.  Sheds A-X4 and A-X5 are shown for 

comparison of land coverage between the pre and post construction condition. 

To evaluate both pre and post-construction runoff, RFE used the USDA Urban Hydrology for Small 

Watersheds TR-55 Manual, an accepted method of hydrologic analysis for El Dorado County.  The 

method outlined by the TR-55 utilizes equations based on shed area, ground cover, and ground 

slope to determine maximum storm flow response times and resultant peak flows.  The existing land 

coverage within the proposed project development envelope is about 3.26% impervious.  Using the 

values from Table 2-2a from the USDA Urban Hydrology for Small Watersheds TR-55 method, the 

resultant curve numbers (CN) assuming a CN of 80 for pervious areas and a CN of 98 for impervious 

areas.  After establishing the CNs for the shed areas and the time of concentration paths for the shed 

areas (See Shed Map SM-1 in Appendix B), peak runoff for the 2-Yr and 10-Yr storm events were 
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estimated.  The calculations for the determination of the estimated peak runoff flows are presented 

in Appendix E and applicable peak flow values also noted within this study.   

Two pre-construction scenarios were evaluated for comparison in separate post-construction design 

calculations.  The estimated 2-year 24-hour storm event peak flow was estimated for the overall site 

for comparison with the same post-construction storm event for post-construction to show 

consistency with the El Dorado County requirements.  The estimated 2-year and 10-year pre-

construction peak flows were also estimated for the larger southwest shed A-X2 only as the basis of 

comparison with the post-construction peak flows after detention that discharge into the existing 24-

inch storm drain culverts crossing Latrobe Road. 

F. POST-CONSTRUCTION STORM DRAINAGE CONDITIONS 

As previously explained, the preliminary post-construction storm drainage system was design to 

satisfy requirements of the El Dorado County Drainage Manual as well as the Western El Dorado 

County SWMP.  The key considerations for this project based on each of these two design guidelines 

are as follows: 

El Dorado County Drainage Manual – 

Safely convey the storm runoff from an event with an average recurrence interval of 10 years 

without the headwater depth exceeding the culvert barrel height. 

The depth of flow or ponding shall not exceed a level which would cause inundation of 

building sites.  One foot of freeboard shall be maintained between building finished floor 

elevation and water surface elevation resulting from a storm runoff event with an average 

recurrence interval of 100 years. 

The post development 10-Year peak flow shall not exceed the pre development 10-Year peak 

flow. 

Western El Dorado County SWMP - 

Provide site design measures, source controls, and storm water quality treatment consistent 

with the SWMP.  Size the stormwater quality treatment / low impact development measures 

to sufficiently treat the 85th percentile 24-hour storm event capture 

Verify that post development flows will not exceed pre development flows for the 2-year, 24-

hour storm. 

In order to satisfy the requirements outlined above, the project will implement a number of LID 

measures in conjunction with downstream underground detention facilities.  To provide water quality 

treatment the LID measures proposed includes rooftop and impervious area disconnection into 

biofiltration facilities.  French drains are proposed for the standard above-ground bioretention 
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facilities due to the very poor infiltration rates at the site.  After the water filters through the engineered 

soil and pollutants are removed, the water will flow into the French drains and connect into the 

underground storm drainage network.  These biofiltration facilities are proposed within landscape 

areas as much as feasible.   

In addition to the LID measures listed in the SWMP, this project will utilized Filterra Stormwater 

quality units in areas where typical bioretention/biofiltration facilities are not feasible.  The Filterra 

units treat the stormwater in a similar fashion as bioretention/biofiltration facilities as described in the 

CASQA BMP TC-32 for Bioretention.  Storm water is treated by flowing through a layer of engineered 

soil and then passes into a French drain at the bottom of the engineered soil and then is discharged 

into the site underground storm drain system.  Additionally, the filterra includes a shrub or small tree 

planted within the filter soil that provides additional nutrient uptake as the water flows through the 

engineered soil. 

For the parking area and drive aisle in front of Buildings 5 and 6, the use of bioretention/biofiltration 

systems and filterra inlets are not as easily applied.  Therefore, for this smaller area stormfilter inlets 

are proposed to filter the stormwater before discharging into the on-site storm drain system. 

After the stormwater has been treated via bioretention/biofiltration, filterra units, or Stormfilters, the 

water will be conveyed via storm drain pipes to one of two underground detention systems.   The 

north detention system is located under the parking lot north of Building 5 and 6.  This system will 

receive runoff from north of the main driveway entrance, including Buildings 1, 2, 3, 5, 6, and 10.  

The south detention system is located in the 8 driveway and will receive runoff south of the main 

driveway, including Buildings 4, 7, 8, and 9.  For the purposes of preliminary design, the post-

development condition assumes 90% impervious land coverage.  See Shed Maps SM2 and SM3 in 

Appendix B for the post-construction shed delineations. 

G. STORM DRAINAGE EVALUATION 

As noted above in Section E, RFE used the USDA Urban Hydrology for Small Watersheds TR-55 

Manual to estimate the pre-construction and post-construction peak flows for the project.  The 

method outlined by the TR-55 utilizes equations based on shed area, ground cover, and ground 

slope to determine maximum storm flow response times and resultant peak flows.  

After the shed boundaries were estimated for each of the storm drain nodes in the proposed post-

construction site, the respective overall time of concentration paths of travel were determined for 

both the north and south detention systems.  Because this report is only in the preliminary stage, 

individual shed analysis for time of concentration paths of travel was not conducted.  This will be 

performed with the design drainage study as part of the improvement plans phase for this project.  

The final design drainage study will include the calculation of peak flows at each node with the related 

pipe flow hydraulics calculations.  For the preliminary phase, one of the primary focus points was on 

the necessary detention volume required to attenuate the post-construction 2-Yr and 10-Yr peak 



  

 MONTANO DE EL DORADO PH. III 

 PRELIMINARY DRAINAGE STUDY 

December 2016 Page 10 

flows to pre-construction levels or below, comparing to the applicable pre-construction flows from 

shed area A-X2 only.  Once the tributary sheds were established and time of concentration paths 

were established for each system, we estimated the resultant peak flow runoffs and then estimated 

the necessary detention requirements.  The table below presents the pre and post development peak 

flows as well as the peak flows with the detention systems: 

TABLE 2: PRE AND POST DEVELOPMENT PEAK FLOWS 

 

 Area (AC) 
Curve No. 

(CN) 

Time of 

Conc. 

(min) 

2-Yr Peak 

(cfs) 

10-Yr Peak 

(cfs) 

Pre-

Development 

Shed A-X1 

4.092 80 23.90 1.404 3.219 

Pre-

Development 

Shed A-X2 

8.336 80 24.10 2.863 6.564 

Pre-

Development 

Shed A-X3 

1.887 80 22 0.708 1.620 

Post-

Development 

North System 

8.030 96 6.50 12.21 18.83 

Post-

Development 

South System 

5.270 96 2.70 8.72 13.48 

Post-

Development 

North System 

(w/detention) 

- - - 2.448 6.446 

Post-

Development 

South System 

(w/detention) 

- - - 0.638 1.539 
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In order to attenuate and detain the post-construction stormwater runoff to the levels shown in the 

above table, the north system will have 5 rows of 48-inch perforated storm drain pipe side by side, 

400 feet in length.  The south system will have 4 rows of 48-inch perforated storm drain pipe side by 

side, 400 feet in length.  Each system will be connected to a metering manhole which will meter the 

flows to pre-development conditions before leaving the site. 

There are two small areas, about 0.21 acres combined, shown on Shed Map SM2 and labeled A-54 

& A-57 which will not connect into either the North or South detention systems.  The runoff from 

these area will be from a new paved parking area and a landscaped area.  This new parking area 

will create about 4,000 square feet of new impervious area, replacing approximately 5,400 square 

feet of paved parking in this area that will be removed as part of this project.  The runoff tributary to 

this parking lot will tie into the existing storm drain system to the west of the parking lot.  Flows from 

the landscape area will flow down the loop road and into the storm.  There is approximately 3,000 

square feet of impervious area in Shed A-27 that, in the existing condition, discharges to the Pottery 

World storm drain system.  With the proposed development, this area will be tributary to the North 

Detention System, no longer discharging into the existing development’s system.  Additionally, Shed 

Area A-33, in the existing state, discharges to the Pottery World storm drain system.  This entire area 

will now be captured and conveyed to the North Detention System.  Between the tributary areas 

removed from the existing development storm drain system (Sheds A-27 and A-33), the overall 

balance of stormwater should not increase from the Pre to Post Condition for the existing 

development’s system.  Additionally, the existing underground detention system constructed as part 

of the US Bank phase for the site, includes additional capacity for areas to the south of the US Bank 

to approximately the existing ridge area.  This area now will flow into the new system as part of this 

project.  Thus, there should be adequate capacity for the areas noted above that will flow into this 

existing system.  

Each of the two storm drain detention systems will be connected to an outlet control metering 

manhole to meter the discharge to pre-development levels for the 2-year and 10-year storm events. 

The system has been design to keep the peak flowrates from the project site into the two 24” storm 

drains that pass beneath Latrobe Road at or below the pre-development flows from the site.  

Approximately 13.23 acres of the project site (88%) will have runoff conveyed to either the north or 

south detention systems, prior to being metered out to the existing 24” storm drains at or below pre-

development levels for the 2-year and 10-year peak flows.  The remaining 12% of the project site 

includes primarily off-site area along the Latrobe Road frontage, as well as the as site entry 

driveways and the areas described in the preceding paragraph.  The metered discharge from the 

north system will tie into the existing 24” storm drain passing beneath Latrobe Road immediately 

west of proposed Building 7.  The metered discharge from the south system will tie into the existing 

24” storm drain passing beneath Latrobe Road immediately west of Building 9.   

In the event that the underground storm drain becomes inundated or for storm events greater than 

a 10-Yr intensity, overland release locations are at each of the two proposed driveways.  The 
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overland release elevation is 1.5’ lower than the lowest building finished floor elevation which 

satisfies the El Dorado County requirement of 1.0’. 

No stormwater quality calculations for the sizing of the bioretention facilities or Filterra stormwater 

quality units have been included with the preliminary design.  The sizing calculations for each of the 

bioretention facilities and Filterra stormwater quality units will be part of the final design drainage 

report.  The calculations will be in conformance to requirements outlined in section 4.5 of the Western 

El Dorado SWMP and per Section 5.5 of the CASQA BMP Handbook for New and Redevelopment. 

H. CONCLUSIONS 

 The preliminary drainage improvements were designed as per the standards of the El Dorado 

County Drainage Manual and the West El Dorado County SWMP.  Post-Development 2-Yr and 

10-Yr peak flows will be attenuated to match Pre-Development peak flows.   

 Low impact development and water quality treatment BMPs used in design to treat stormwater 

runoff include rooftop and impervious area disconnection, bioretention facilities and Filterra 

stormwater quality units.  Since this site has basically no infiltration due to bedrock and 

engineered fill over almost all of the site, the proposed LID identified appears to be the best 

feasible solution for the project. 

 Two overland release locations will be provided with this development; one at each driveway 

along Latrobe Road.  The elevation of the overland release is 590.50’ for each of the two overland 

release locations, and the lowest building elevation is set at 592.00’.  This will provide over 1.0’ 

of freeboard for overland release, thereby satisfying the El Dorado County requirement.   

I. RECOMMENDATIONS 

In order to accommodate the estimated future condition peak flows and existing topographic 

conditions, as well as to provide the best feasible water quality treatment, it is recommended that the 

final design and construction include grading and storm drainage improvements consistent with the 

Preliminary Montano De El Dorado Phase III development plans and conclusions outlined in this 

preliminary drainage study.   
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APPENDIX B 

PROJECT SITE SHED MAP EXHIBITS   
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PRE-CONSTRUCTION SHED AREAS

SHED

PERVIOUS (SF)

IMPERVIOUS

(SF)

TOTAL (SF) TOTAL (AC)

% IMPERVIOUS

A-X1
178,262

0
178,262

4.092 0.00

A-X2
356,073

7,031
363,104

8.336 1.94

A-X3
80,175

2,035
82,210

1.887 2.48

A-X4
8,234

1,417
9,651

0.222 14.68

A-X5
7,403

10,743
18,146

0.417 59.20

630,147
21,226

651,373
14.953 3.26
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UNDERGROUND NORTH DETENTION SYSTEM

330 LF OF 5 x 48"Ø OVERSIZED STORM DRAIN PIPES

A-01

0.223 AC

A-02

0.241 AC

A-03

0.072 AC

A-04

0.109 AC

A-06

0.274 AC

A-05

1.167 AC

A-07

0.106 AC

A-08

0.525 AC

A-09

0.304 AC

A-10

0.178 AC

A-37

0.562 AC

A-12

0.098 AC

A-11

0.043 AC

A-13

0.122 AC

A-15

0.069 AC

A-26

0.219 AC

A-20

0.987 AC

A-16

0.230 AC

A-17

0.120 AC

A-18

0.106 AC

A-24

0.466 AC

A-25

0.198 AC

A-30

0.182 AC

A-31

0.092 AC

A-32

0.579 AC

A-29

0.309 AC

A-28

0.174 AC

A-52

1.157 AC

A-19

0.035 AC

A-22

0.127 AC

A-27

0.105 AC

A-53

0.070 AC

A-23

0.184 AC

A-57

0.149 AC

A-54

0.057 AC

A-33

0.105 AC

A-55

0.099 AC

A-56

0.046 AC

A-14

0.147 AC

A-21

0.138 AC

A-39

0.104 AC

A-35

0.359 AC

A-34

0.170 AC
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POST-CONSTRUCTION SHED AREAS

SHED

PERVIOUS

(SF)

IMPERVIOUS

(SF)

TOTAL

(SF)

TOTAL

(AC)

% IMPERVIOUS

A-01 972
8,747 9,719

0.223 90.00

A-02
1,049 9,439 10,488

0.241 90.00

A-03 312
2,807 3,119

0.072 90.00

A-04 475
4,274 4,749

0.109 90.00

A-05
5,085 45,765 50,850

1.167 90.00

A-06
1,193 10,735 11,928

0.274 90.00

A-07 461
4,145 4,606

0.106 90.00

A-08
2,287 20,581 22,868

0.525 90.00

A-09
1,298 11,681 12,979

0.298 90.00

A-10 686
6,175 6,861

0.158 90.00

A-11 188
1,692 1,880

0.043 90.00

A-12 425
3,828 4,253

0.098 90.00

A-13 530
4,774 5,304

0.122 90.00

A-14 642
5,779 6,421

0.147 90.00

A-15 300
2,699 2,999

0.069 90.00

A-16
1,001 9,005 10,006

0.230 90.00

A-17 521
4,692 5,213

0.120 90.00

A18 462
4,155 4,617

0.106 90.00

A-19 153
1,380 1,533

0.035 90.00

A-20
4,301 38,713 43,014

0.987 90.00

A-21 599
5,393 5,992

0.138 90.00

A-22 554
4,982 5,536

0.127 90.00

A-23 802
7,220 8,022

0.184 90.00

A-24
2,029 18,263 20,292

0.466 90.00

A-25 864
7,774 8,638

0.198 90.00

A-26 954
8,582 9,535

0.219 90.00

A-27 459
4,127 4,586

0.105 90.00

A-28 757
6,812 7,569

0.174 90.00

A-29
1,346 12,117 13,463

0.309 90.00

A-30 794
7,142 7,935

0.182 90.00

A-31 402
3,620 4,022

0.092 90.00

A-32
2,523 22,710 25,233

0.579 90.00

A-33 457
4,113 4,570

0.105 90.00

A-34 742
6,676 7,418

0.170 90.00

A-35
1,563 14,064 15,627

0.359 90.00

A-36 591
5,322 5,913

0.136 90.00

A-37
2,292 20,627 22,919

0.526 90.00

A-38
3,604 32,432 36,036

0.827 90.00

A-39 454
4,085 4,539

0.104 90.00

A-40 357
3,215 3,572

0.082 90.00

A-41 406
3,657 4,063

0.093 90.00

A-42 307
2,763 3,070

0.070 90.00

A-43
3,329 29,960 33,289

0.764 90.00

A-44 245
2,209 2,454

0.056 90.00

A-45 848
7,630 8,478

0.195 90.00

A-46
3,714 33,423 37,137

0.853 90.00

A-47 313
2,818 3,131

0.072 90.00

A-48 342
3,074 3,416

0.078 90.00

A-49
1,428 12,856 14,284

0.328 90.00

A-50 927
8,347 9,274
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Hydrologic Soil Group—El Dorado Area, California
(Montano Ph 3)

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey
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soils that could have been shown at a more detailed scale.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  El Dorado Area, California
Survey Area Data:  Version 7, Sep 15, 2014

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Date(s) aerial images were photographed:  Aug 15, 2011—Apr 29,
2012

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.

Hydrologic Soil Group—El Dorado Area, California
(Montano Ph 3)
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Conservation Service
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National Cooperative Soil Survey
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Hydrologic Soil Group

Hydrologic Soil Group— Summary by Map Unit — El Dorado Area, California (CA624)

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

AkC Argonaut gravelly loam,
2 to 15 percent slopes

D 2.6 11.1%

AwD Auburn silt loam, 2 to 30
percent slopes

D 1.4 6.0%

AxD Auburn very rocky silt
loam, 2 to 30 percent
slopes

D 19.1 82.9%

Totals for Area of Interest 23.0 100.0%

Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are
assigned to one of four groups according to the rate of water infiltration when the
soils are not protected by vegetation, are thoroughly wet, and receive precipitation
from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly
wet. These consist mainly of deep, well drained to excessively drained sands or
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These
consist chiefly of moderately deep or deep, moderately well drained or well drained
soils that have moderately fine texture to moderately coarse texture. These soils
have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of water
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell
potential, soils that have a high water table, soils that have a claypan or clay layer
at or near the surface, and soils that are shallow over nearly impervious material.
These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is
for drained areas and the second is for undrained areas. Only the soils that in their
natural condition are in group D are assigned to dual classes.

Hydrologic Soil Group—El Dorado Area, California Montano Ph 3

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

5/12/2016
Page 3 of 4



Rating Options

Aggregation Method:  Dominant Condition

Component Percent Cutoff:   None Specified

Tie-break Rule:  Higher

Hydrologic Soil Group—El Dorado Area, California Montano Ph 3

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

5/12/2016
Page 4 of 4
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Low Impact Development Site Planner
© 2015 Contech Engineered Solutions LLC

Stormwater Solutions from Contech

Selecting the Right Stormwater Solution Just Got Easier... 
It’s simple to choose the right stormwater solution to achieve your goals with the Contech 
Stormwater Solutions Staircase. First, select the runoff reduction practices that are most 
appropriate for your site, paying particular attention to pretreatment needs. If the entire 
design storm cannot be retained, select a treatment best management practice (BMP) for the 
balance. Finally, select a detention system to address any outstanding downstream erosion.

The Low Impact Development (LID) Site Planner is a free, web-based tool intended to guide you in 

preliminary selection of the most effective and likely to be approved stormwater control measures that are 

technically feasible given known site constraints. To utilize this tool, visit www.conteches.com/lidsiteplanner

Benefits of the tool include:

•	 A fast, easy-to-use tool that follows a Low Impact Development design approach 
consistent with regulations that prioritize Green Infrastructure.

•	 Helps minimize the cost and delay of redesigns by prompting users to consider a 
wide range of common site constraints early in the design process.

•	 Captures specific site conditions precluding the use of infeasible BMPs.

•	 Allows flexibility to select flow through treatment controls where runoff reduction 
is not feasible.

•	 Provides a summary report with links to design guides, standard details, and 
specifications for stormwater management approaches that are likely to be 
feasible and approved on the project.

 Learn more about all of our stormwater 

technologies at www.ContechES.com/s t ormwater
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Learn more at www.ContechES.com/filterra

Filtration and Biological Treatment in One System 
Stormwater management regulations such as Low Impact Development (LID) and Green 

Infrastructure (GI) have proliferated throughout the United States. 

Implementing LID and GI in urban environments is challenging, as they often require a large 

footprint. That doesn’t mean LID/GI is not possible, it just means the solution may take a more engineered form. 

Contech has addressed this need by developing a unique solution – the Filterra Bioretention System.

What is Filterra?
Filterra is an engineered biofiltration device with components that make 

it similar to bioretention in pollutant removal and application, but has 

been optimized for high volume/flow treatment in a compact system. Its 

small footprint allows Filterra to be used on highly developed sites such as 

landscaped areas, parking lots, and streetscapes. Filterra is adaptable and 

can be used alone or in combination with perforated pipes or chambers to 

optimize runoff reduction.

How The Standard Offline Filterra Systems Works
Stormwater runoff enters the Standard Offline Filterra system through a curb-

inlet opening and flows through a specially designed filter media mixture contained in a landscaped modular container. 

The biofiltration media captures and immobilizes pollutants; some of these pollutants are then decomposed, volatilized 

and incorporated into the biomass of the Filterra system’s micro/macro fauna and flora. Stormwater runoff flows 

through the media and into an underdrain system at the bottom of the container, where the treated water is discharged. 

The Standard Offline Filterra system utilizes a downstream catch basin or curb inlet for bypass flows allowing for the 

shallowest profile and most flexible design of any of the Filterra configurations.

In areas where runoff reduction and infiltration are mandated or desirable, Filterra can be paired with other Contech 

products such as ChamberMaxx or an Urban Green Rainwater Harvesting system to provide even greater alignment with 

LID/GI goals.

Bioretention as a Stormwater Management Strategy



4

•	 Regulatory Compliance – Multiple third-party field tests confirmed 
Filterra meets regulatory requirements for pollutant removal under 
TAPE, TARP, and NJCAT testing.

•	 Value – Filterra offers a cost effective stormwater treatment system 
featuring easy installation and simple maintenance.

•	 Aesthetics – Landscaping enhances the appearance of your site 
making it more attractive while removing pollutants.

•	 Flexible – Multiple sizes and a variety of configurations available to 
meet site-specific needs.

•	 Versatile – Filterra is ideal for both new construction and urban 
retrofits, as well as:

»» Streetscapes 

»» Urban settings

»» Parking lots 

»» Roof drains

»» Highways  

•	 Easy Installation – Delivered on-site, ready to lift and place.

•	 Activation – Performed by Contech-certified providers to ensure 
effective performance from the start.

•	 Maintenance – Simple and safe (no confined space access), and 
the first year of maintenance is included with the purchase of every 
system. 

Filterra® Features & Benefits

 Third-party field testing confirmed Filterra meets 

regulatory requirements for pollutant removal 

under nationally recognized TAPE, TARP, and 

NJCAT testing protocols.
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Learn more at www.ContechES.com/filterra

Filterra is offered in multiple configurations to meet site specific needs. 

These configurations make Filterra a versatile yet effective stormwater 

BMP with a low life-cycle cost.

Filterra Internal Bypass – Curb
The Filterra Internal Bypass – Curb incorporates a curb inlet treatment 

chamber and internal high flow bypass in a single structure. This 

eliminates the need for a separate bypass structure and enables 

placement on grade or in a “sag” or “sump” condition. 

Filterra Internal Bypass – Pipe
The Filterra Internal Bypass – Pipe treats stormwater runoff from rooftops 

or other sub-grade sources such as area drains. Higher flows bypass the 

biofiltration treatment system via an overflow/bypass pipe design. 

Filterra - Street Tree 
The Filterra Street Tree accommodates trees larger than the standard 

small-medium-sized trees used in standard Filterra units. These larger 

trees can provide benefits to site landscape designs on canopy cover, 

tree count, or percentage of green area.

Filterra – Sediment Chamber
The Filterra Sediment Chamber includes a pre-treatment chamber that 

provides settling for debris and sediment, meeting water quality volume 

temporary hold requirements in some jurisdictions, and provides a 

treatment-train feature to a standard Filterra.

Filterra – Recessed Top
The Filterra Recessed Top allows for a seamless integration of Filterra 

into the landscape design with pavers, mulch, sod, or even architectural 

concrete. 

Additional Filterra® Configurations
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Filterra® Media – Proven Pollutant Removal 

At the heart of the Filterra system is Filterra engineered biofiltration media; a specified gradation of washed aggregate and organic 

material homogeneously blended under strict quality controlled conditions. Using data from independent, third-party studies 

including the University of Virginia (TARP), Herrera Environmental Consultants (TAPE), Terraphase Engineering (NJCAT), North 

Carolina State University (TAPE & TARP) and Geosyntec Consultants, the filter media has been optimized to operate under high 

flow rates while maintaining pollutant removal performance. Filterra media is tested for hydraulic functionality, fertility, and particle 

size distribution to ensure uniform performance.

Filterra media also supports a vegetation component consisting of grasses, shrubs, or trees that assist with the adsorption of 

pollutants with biological uptake/storage and pollutant consumption by microbes within the plant root zone.

(Ranges varying with particle size, pollutant loading and site conditions)

TSS Removal 85%

Phosphorus Removal 70%

Nitrogen Removal 43% 

Total Copper Removal 58%

Dissolved Copper Removal 46%

Total Zinc Removal 66%

Dissolved Zinc Removal 58%

Oil & Grease 93%
Information on the pollutant removal efficiency of the filter media/plant media 
is based on third-party lab and field studies.

Some jurisdictions recognize higher removal rates - see your Contech 
Stormwater Consultant for details.

Measured Pollutant Removal Performance

Filterra media has been optimized to operate 

under high flow rates while maintaining pollutant 

removal performance.
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Learn more at www.ContechES.com/filterra

Based on more than 20 years of research and development, testing and field monitoring, Filterra’s performance has 

been recognized by some of the nation’s most significant regulatory agencies, including the states of Washington, 

Virginia, Maryland and New Jersey, the District of Columbia, the Texas Commission on Environmental Quality and 

the Atlanta (GA) Regional Commission. Highlights regarding these approvals include:

•	 Granted ESD (Environmental Site Design) status by the state of Maryland Department of the Environment (MDE).

•	 GULD-approved for ALL pollutants of concern with the state of Washington Department of Ecology (WA-
Ecology) with (2) TAPE field tests. 

•	 Third-party nationally recognized field/lab tests completed: (1) TARP, (2) TAPE, (1) NJCAT and (1) NC-DENR.

Filterra® – Regulatory Approvals

Filterra® – In the Field

7

We make it easy! The Filterra system is delivered to the job site with all 

components except plant and mulch.

Filterra – Installation
•	 Bioretention system sealed from construction sediment.

•	 Contractor off-loads top and vault separately.

•	 Set vault to grade on 6” compacted #57, pipe up, backfill, set top.

Filterra – Activation
•	 Contractors: Do NOT remove throat plate nor tree grate covers.

•	 Vegetation selection guidance based on your climate zone.

•	 Contech-certified providers conduct on-site activation with 
installation of mulch and plant.

Filterra – Maintenance
•	 The first year of maintenance is included with every system.

•	 Maintenance is low-cost, low-tech and simple:

»» Remove trash, sediment, and mulch.

»» Replace with a fresh layer of 3” of mulch.

»» Can be done by landscape contractor.

»» No confined space entry.

The first year of maintenance is included 

with the purchase of every Filterra system.



We print our brochures entirely on Forest 
Stewardship Council certified paper. FSC 
certification ensures that the paper in 
our brochures contain fiber from well-
managed and responsibly harvested 
forests that meet strict environmental and 
socioeconomic standards. 

FSC

Filterra Brochure 3M 1/16

NOTHING IN THIS CATALOG SHOULD BE CONSTRUED AS AN EXPRESSED WARRANTY 
OR AN IMPLIED WARRANTY  OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR  
PURPOSE. SEE THE CONTECH STANDARD CONDITION OF SALES (VIEWABLE AT  
WWW.CONTECHES.COM/COS) FOR MORE INFORMATION. 

ENGINEERED SOLUTIONS

©2016 Contech Engineered Solutions LLC
800-338-1122 | www.ContechES.com
All Rights Reserved. Printed in the USA. 

Get Social With Us!

ENGINEERED SOLUTIONS

Pipe Solutions
Meeting project needs for durability, 
hydraulics, corrosion resistance,  
and stiffness 
•	 Corrugated Metal Pipe (CMP) 
•	 Steel Reinforced Polyethylene (SRPE) 
•	 High Density Polyethylene (HDPE) 
•	 Polyvinyl Chloride (PVC)

Stormwater Solutions
Helping to satisfy stormwater 
management requirements on land 
development projects 
•	Stormwater Treatment
•	Detention/Infiltration
•	Rainwater Harvesting
•	Biofiltration/Bioretention

Structures Solutions
Providing innovative options and 
support for crossings, culverts, 
and bridges 
•	Plate, Precast & Truss bridges 
•	Hard Armor 
•	Retaining Walls
•	Tunnel Liner Plate

COMPLETE SITE SOLUTIONS

Next Steps

Dig Deeper
Find all the information you need at www.ContechES.com, 
including field and laboratory test results, approvals, brochures, 
design guides, standard details and specifications within the 
product section of our site. 

Connect with Us
We're here to make your job easier – and that includes  
being able to get in touch with us when you need to.  
www.ContechES.com/localresources. 
While you’re there, be sure to check out our upcoming seminar 
schedule or request an in-house technical presentation.

Start a Project
If you are ready to begin a project, contact your local 
representative to get started. Or you can check out our  
design toolbox for all our online resources at  
www.ContechES.com/startaproject.

Links to Stormwater Design Tools:
To use the Land Value Calculator, visit:  
www.ContechES.com/l v c

To use the Design Your Own Detention System tool, 
visit: 
www.ContechES.com/dyods

To use the Design Your Own Hydrodynamic Separator 
tool, visit: www.ContechES.com/dyohds

To use the Rainwater Harvesting Runoff Reduction Calculator 
tool, visit: www.ContechES.com/rwh -ca l cu lat or 

To use the Low Impact Development Site Planner tool, visit: 
www.ContechES.com/l i d s i t e p l a n n er
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1 - Pre-Development A-X1 2 - Post-Development - North

3 - North System

1

Watershed Model Schematic
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5

Project: Montano Prelim.gpw Wednesday, 10 / 19 / 2016

Hyd. Origin Description

Legend

1 SCS Runoff Pre-Development A-X1

2 SCS Runoff Post-Development - North

3 Reservoir North System



Hydrograph Return Period Recap

2

Hyd. Hydrograph Inflow Peak Outflow (cfs) Hydrograph

No. type hyd(s) Description

(origin) 1-yr 2-yr 3-yr 5-yr 10-yr 25-yr 50-yr 100-yr

1 SCS Runoff ------ ------- 5.600 ------- ------- 12.41 ------- ------- ------- Pre-Development A-X1

2 SCS Runoff ------ ------- 12.21 ------- ------- 18.83 ------- ------- ------- Post-Development - North

3 Reservoir 2 ------- 2.008 ------- ------- 7.098 ------- ------- ------- North System

Proj. file: Montano Prelim.gpw Wednesday, 10 / 19 / 2016

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5



Hydrograph Summary Report

3

Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph

No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1 SCS Runoff 5.600 2 610 45,765 ------ ------ ------ Pre-Development A-X1

2 SCS Runoff 12.21 2 596 53,123 ------ ------ ------ Post-Development - North

3 Reservoir 2.008 2 624 50,959 2 103.29 16,975 North System

Montano Prelim.gpw Return Period: 2 Year Wednesday, 10 / 19 / 2016

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5



Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Wednesday, 10 / 19 / 2016

Hyd. No. 1

Pre-Development A-X1

Hydrograph type =  SCS Runoff Peak discharge =  5.600 cfs
Storm frequency =  2 yrs Time to peak =  610 min
Time interval =  2 min Hyd. volume =  45,765 cuft
Drainage area =  14.930 ac Curve number =  81*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  24.10 min
Total precip. =  2.38 in Distribution =  Type I
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(14.446 x 80) + (0.487 x 98)] / 14.930

4
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TR55 Tc Worksheet
5

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5

Hyd. No. 1

Pre-Development A-X1

Description A B C Totals

Sheet Flow
Manning's n-value =  0.240 0.011 0.011
Flow length (ft) =  300.0 0.0 0.0
Two-year 24-hr precip. (in) =  2.38 0.00 0.00
Land slope (%) =  7.60 0.00 0.00

Travel Time (min) = 23.34 + 0.00 + 0.00 = 23.34

Shallow Concentrated Flow
Flow length (ft) =  206.00 0.00 0.00
Watercourse slope (%) =  7.90 0.00 0.00
Surface description =  Unpaved Paved Paved
Average velocity (ft/s) =4.53 0.00 0.00

Travel Time (min) = 0.76 + 0.00 + 0.00 = 0.76

Channel Flow
X sectional flow area (sqft) =  0.00 0.00 0.00
Wetted perimeter (ft) =  0.00 0.00 0.00
Channel slope (%) =  0.00 0.00 0.00
Manning's n-value =  0.015 0.015 0.015
Velocity (ft/s) =0.00

0.00
0.00

Flow length (ft) ({0})0.0 0.0 0.0

Travel Time (min) = 0.00 + 0.00 + 0.00 = 0.00

Total Travel Time, Tc .............................................................................. 24.10 min



Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Wednesday, 10 / 19 / 2016

Hyd. No. 2

Post-Development - North

Hydrograph type =  SCS Runoff Peak discharge =  12.21 cfs
Storm frequency =  2 yrs Time to peak =  596 min
Time interval =  2 min Hyd. volume =  53,123 cuft
Drainage area =  8.030 ac Curve number =  96*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  6.50 min
Total precip. =  2.38 in Distribution =  Type I
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(0.803 x 80) + (7.231 x 98)] / 8.030

6
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TR55 Tc Worksheet
7

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5

Hyd. No. 2

Post-Development - North

Description A B C Totals

Sheet Flow
Manning's n-value =  0.011 0.011 0.011
Flow length (ft) =  300.0 0.0 0.0
Two-year 24-hr precip. (in) =  2.38 0.00 0.00
Land slope (%) =  1.30 0.00 0.00

Travel Time (min) = 4.02 + 0.00 + 0.00 = 4.02

Shallow Concentrated Flow
Flow length (ft) =  63.00 0.00 0.00
Watercourse slope (%) =  3.30 0.00 0.00
Surface description =  Paved Paved Paved
Average velocity (ft/s) =3.69 0.00 0.00

Travel Time (min) = 0.28 + 0.00 + 0.00 = 0.28

Channel Flow
X sectional flow area (sqft) =  0.79 0.00 0.00
Wetted perimeter (ft) =  3.14 0.00 0.00
Channel slope (%) =  1.00 0.00 0.00
Manning's n-value =  0.012 0.015 0.015
Velocity (ft/s) =4.91

0.00
0.00

Flow length (ft) ({0})645.0 0.0 0.0

Travel Time (min) = 2.19 + 0.00 + 0.00 = 2.19

Total Travel Time, Tc .............................................................................. 6.50 min



Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Wednesday, 10 / 19 / 2016

Hyd. No. 3

North System

Hydrograph type =  Reservoir Peak discharge =  2.008 cfs
Storm frequency =  2 yrs Time to peak =  624 min
Time interval =  2 min Hyd. volume =  50,959 cuft
Inflow hyd. No. =  2 - Post-Development - North Max. Elevation =  103.29 ft
Reservoir name =  North UG Detention Max. Storage =  16,975 cuft

Storage Indication method used.
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Pond Report 9

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Wednesday, 10 / 19 / 2016

Pond No. 1 -  North UG Detention

Pond Data

UG Chambers -Invert elev. = 100.00 ft,  Rise x Span = 4.00 x 4.00 ft,  Barrel Len = 350.00 ft,  No. Barrels = 3,  Slope = 0.10%,  Headers = No

Encasement -Invert elev. = 99.00 ft,  Width = 6.00 ft,  Height = 6.00 ft,  Voids = 40.00%

Stage / Storage Table

Stage (ft) Elevation (ft) Contour area (sqft) Incr. Storage (cuft) Total storage (cuft)

0.00 99.00 n/a 0 0
0.63 99.64 n/a 1,159 1,159
1.27 100.27 n/a 1,672 2,831
1.90 100.90 n/a 2,524 5,355
2.54 101.54 n/a 2,995 8,350
3.17 102.18 n/a 3,171 11,522
3.81 102.81 n/a 3,171 14,693
4.45 103.44 n/a 2,995 17,687
5.08 104.08 n/a 2,523 20,211
5.72 104.72 n/a 1,671 21,882
6.35 105.35 n/a 1,601 23,483

Culvert / Orifice Structures Weir Structures

[A] [B] [C] [PrfRsr] [A] [B] [C] [D]

Rise (in) =  6.00 12.00 Inactive 0.00

Span (in) =  6.00 12.00 12.00 0.00

No. Barrels =  1 1 1 0

Invert El. (ft) =  100.00 103.00 103.00 0.00

Length (ft) =  0.00 0.00 1.00 0.00

Slope (%) =  0.00 0.00 1.00 n/a

N-Value =  .013 .013 .013 n/a

Orifice Coeff. =  0.60 0.60 0.60 0.60

Multi-Stage =  n/a No No No

Crest Len (ft) Inactive 0.00 0.00 0.00

Crest El. (ft) =  101.00 0.00 0.00 0.00

Weir Coeff. =  3.33 3.33 3.33 3.33

Weir Type =  Rect --- --- ---

Multi-Stage =  No No No No

Exfil.(in/hr) =  0.000 (by Wet area)

TW Elev. (ft) =  0.00

Note: Culvert/Orifice outflows are analyzed under inlet (ic) and outlet (oc) control.  Weir risers checked for orifice conditions (ic) and submergence (s).

Stage / Storage / Discharge Table

Stage Storage Elevation Clv A Clv B Clv C PrfRsr Wr A Wr B Wr C Wr D Exfil User Total
ft cuft ft cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs

0.00 0 99.00 0.00 0.00 0.00 --- 0.00 --- --- --- --- --- 0.000
0.63 1,159 99.64 0.00 0.00 0.00 --- 0.00 --- --- --- --- --- 0.000
1.27 2,831 100.27 0.19 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.191
1.90 5,355 100.90 0.77 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.765
2.54 8,350 101.54 1.07 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.074
3.17 11,522 102.18 1.31 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.312
3.81 14,693 102.81 1.51 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.512
4.45 17,687 103.44 1.69 ic 0.77 ic 0.00 --- 0.00 --- --- --- --- --- 2.457
5.08 20,211 104.08 1.85 ic 2.88 ic 0.00 --- 0.00 --- --- --- --- --- 4.730
5.72 21,882 104.72 2.00 ic 4.17 ic 0.00 --- 0.00 --- --- --- --- --- 6.165
6.35 23,483 105.35 2.13 ic 5.14 ic 0.00 --- 0.00 --- --- --- --- --- 7.278



Hydrograph Summary Report
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Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph

No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1 SCS Runoff 12.41 2 610 91,582 ------ ------ ------ Pre-Development A-X1

2 SCS Runoff 18.83 2 596 83,489 ------ ------ ------ Post-Development - North

3 Reservoir 7.098 2 604 81,325 2 105.25 23,204 North System

Montano Prelim.gpw Return Period: 10 Year Wednesday, 10 / 19 / 2016

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5



Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Wednesday, 10 / 19 / 2016

Hyd. No. 1

Pre-Development A-X1

Hydrograph type =  SCS Runoff Peak discharge =  12.41 cfs
Storm frequency =  10 yrs Time to peak =  610 min
Time interval =  2 min Hyd. volume =  91,582 cuft
Drainage area =  14.930 ac Curve number =  81*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  24.10 min
Total precip. =  3.51 in Distribution =  Type I
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(14.446 x 80) + (0.487 x 98)] / 14.930
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Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Wednesday, 10 / 19 / 2016

Hyd. No. 2

Post-Development - North

Hydrograph type =  SCS Runoff Peak discharge =  18.83 cfs
Storm frequency =  10 yrs Time to peak =  596 min
Time interval =  2 min Hyd. volume =  83,489 cuft
Drainage area =  8.030 ac Curve number =  96*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  6.50 min
Total precip. =  3.51 in Distribution =  Type I
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(0.803 x 80) + (7.231 x 98)] / 8.030
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Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Wednesday, 10 / 19 / 2016

Hyd. No. 3

North System

Hydrograph type =  Reservoir Peak discharge =  7.098 cfs
Storm frequency =  10 yrs Time to peak =  604 min
Time interval =  2 min Hyd. volume =  81,325 cuft
Inflow hyd. No. =  2 - Post-Development - North Max. Elevation =  105.25 ft
Reservoir name =  North UG Detention Max. Storage =  23,204 cuft

Storage Indication method used.
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Hydraflow Rainfall Report
14

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Wednesday, 10 / 19 / 2016

Return Intensity-Duration-Frequency Equation Coefficients (FHA)
Period

(Yrs) B D E (N/A)

1 0.0000 0.0000 0.0000 --------

2 3.3705 0.1000 0.4857 --------

3 0.0000 0.0000 0.0000 --------

5 0.0000 0.0000 0.0000 --------

10 4.9332 0.1000 0.4842 --------

25 0.0000 0.0000 0.0000 --------

50 0.0000 0.0000 0.0000 --------

100 6.9679 0.1000 0.4832 --------

File name: Montano MAP 24 IDF.IDF

Intensity = B / (Tc + D)^E

Return Intensity Values (in/hr)
Period

(Yrs) 5 min 10 15 20 25 30 35 40 45 50 55 60

1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2 1.53 1.10 0.90 0.78 0.70 0.65 0.60 0.56 0.53 0.50 0.48 0.46

3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

10 2.24 1.61 1.33 1.15 1.04 0.95 0.88 0.83 0.78 0.74 0.71 0.68

25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

100 3.17 2.28 1.88 1.63 1.47 1.35 1.25 1.17 1.11 1.05 1.00 0.96

Tc = time in minutes. Values may exceed 60.

Rainfall Precipitation Table (in)

cip. file name: Z:\2013 Projects\21335 Montano Ph III\Admin\Calcs\Prelim Drainage Study\Montano MAP 24 Depths.pcp

Storm
Distribution 1-yr 2-yr 3-yr 5-yr 10-yr 25-yr 50-yr 100-yr

SCS 24-hour 0.00 2.38 0.00 3.30 3.51 5.77 6.80 4.98

SCS 6-Hr 0.00 1.16 0.00 0.00 1.72 0.00 0.00 2.43

Huff-1st 0.00 0.00 0.00 2.75 0.00 5.38 6.50 0.00

Huff-2nd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-3rd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-4th 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-Indy 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Custom 0.00 0.00 0.00 2.80 0.00 5.25 6.00 0.00
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1

Watershed Model Schematic
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5

Project: Montano Prelim-North no gravel encasement.gpw Friday, 11 / 18 / 2016

Hyd. Origin Description

Legend

1 SCS Runoff Pre-Development A-X1

2 SCS Runoff Post-Development - North

3 Reservoir North System

4 SCS Runoff Pre-Development A-X2

5 SCS Runoff Pre-Development A-X3



Hydrograph Return Period Recap

2

Hyd. Hydrograph Inflow Peak Outflow (cfs) Hydrograph

No. type hyd(s) Description

(origin) 1-yr 2-yr 3-yr 5-yr 10-yr 25-yr 50-yr 100-yr

1 SCS Runoff ------ ------- 1.404 ------- ------- 3.219 ------- ------- ------- Pre-Development A-X1

2 SCS Runoff ------ ------- 12.21 ------- ------- 18.83 ------- ------- ------- Post-Development - North

3 Reservoir 2 ------- 2.448 ------- ------- 6.446 ------- ------- ------- North System

4 SCS Runoff ------ ------- 2.863 ------- ------- 6.564 ------- ------- ------- Pre-Development A-X2

5 SCS Runoff ------ ------- 0.708 ------- ------- 1.620 ------- ------- ------- Pre-Development A-X3

Proj. file: Montano Prelim-North no gravel encasement.gpw Friday, 11 / 18 / 2016

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5



Hydrograph Summary Report

3

Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph

No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1 SCS Runoff 1.404 2 610 11,793 ------ ------ ------ Pre-Development A-X1

2 SCS Runoff 12.21 2 596 53,123 ------ ------ ------ Post-Development - North

3 Reservoir 2.448 2 616 53,107 2 102.46 12,134 North System

4 SCS Runoff 2.863 2 610 24,048 ------ ------ ------ Pre-Development A-X2

5 SCS Runoff 0.708 2 608 5,635 ------ ------ ------ Pre-Development A-X3

Montano Prelim-North no gravel encasement.gpwReturn Period: 2 Year Friday, 11 / 18 / 2016

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5



Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Friday, 11 / 18 / 2016

Hyd. No. 1

Pre-Development A-X1

Hydrograph type =  SCS Runoff Peak discharge =  1.404 cfs
Storm frequency =  2 yrs Time to peak =  610 min
Time interval =  2 min Hyd. volume =  11,793 cuft
Drainage area =  4.090 ac Curve number =  80*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  23.90 min
Total precip. =  2.38 in Distribution =  Type I
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(4.092 x 80)] / 4.090
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TR55 Tc Worksheet
5

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5

Hyd. No. 1

Pre-Development A-X1

Description A B C Totals

Sheet Flow
Manning's n-value =  0.240 0.011 0.011
Flow length (ft) =  300.0 0.0 0.0
Two-year 24-hr precip. (in) =  2.38 0.00 0.00
Land slope (%) =  7.30 0.00 0.00

Travel Time (min) = 23.72 + 0.00 + 0.00 = 23.72

Shallow Concentrated Flow
Flow length (ft) =  92.00 0.00 0.00
Watercourse slope (%) =  20.80 0.00 0.00
Surface description =  Unpaved Paved Paved
Average velocity (ft/s) =7.36 0.00 0.00

Travel Time (min) = 0.21 + 0.00 + 0.00 = 0.21

Channel Flow
X sectional flow area (sqft) =  0.00 0.00 0.00
Wetted perimeter (ft) =  0.00 0.00 0.00
Channel slope (%) =  0.00 0.00 0.00
Manning's n-value =  0.015 0.015 0.015
Velocity (ft/s) =0.00

0.00
0.00

Flow length (ft) ({0})0.0 0.0 0.0

Travel Time (min) = 0.00 + 0.00 + 0.00 = 0.00

Total Travel Time, Tc .............................................................................. 23.90 min



Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Friday, 11 / 18 / 2016

Hyd. No. 2

Post-Development - North

Hydrograph type =  SCS Runoff Peak discharge =  12.21 cfs
Storm frequency =  2 yrs Time to peak =  596 min
Time interval =  2 min Hyd. volume =  53,123 cuft
Drainage area =  8.030 ac Curve number =  96*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  6.50 min
Total precip. =  2.38 in Distribution =  Type I
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(0.803 x 80) + (7.231 x 98)] / 8.030
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TR55 Tc Worksheet
7

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5

Hyd. No. 2

Post-Development - North

Description A B C Totals

Sheet Flow
Manning's n-value =  0.011 0.011 0.011
Flow length (ft) =  300.0 0.0 0.0
Two-year 24-hr precip. (in) =  2.38 0.00 0.00
Land slope (%) =  1.30 0.00 0.00

Travel Time (min) = 4.02 + 0.00 + 0.00 = 4.02

Shallow Concentrated Flow
Flow length (ft) =  63.00 0.00 0.00
Watercourse slope (%) =  3.30 0.00 0.00
Surface description =  Paved Paved Paved
Average velocity (ft/s) =3.69 0.00 0.00

Travel Time (min) = 0.28 + 0.00 + 0.00 = 0.28

Channel Flow
X sectional flow area (sqft) =  0.79 0.00 0.00
Wetted perimeter (ft) =  3.14 0.00 0.00
Channel slope (%) =  1.00 0.00 0.00
Manning's n-value =  0.012 0.015 0.015
Velocity (ft/s) =4.91

0.00
0.00

Flow length (ft) ({0})645.0 0.0 0.0

Travel Time (min) = 2.19 + 0.00 + 0.00 = 2.19

Total Travel Time, Tc .............................................................................. 6.50 min



Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Friday, 11 / 18 / 2016

Hyd. No. 3

North System

Hydrograph type =  Reservoir Peak discharge =  2.448 cfs
Storm frequency =  2 yrs Time to peak =  616 min
Time interval =  2 min Hyd. volume =  53,107 cuft
Inflow hyd. No. =  2 - Post-Development - North Max. Elevation =  102.46 ft
Reservoir name =  North UG Detention Max. Storage =  12,134 cuft

Storage Indication method used.
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Pond Report 9

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Friday, 11 / 18 / 2016

Pond No. 1 -  North UG Detention

Pond Data

UG Chambers -Invert elev. = 100.00 ft,  Rise x Span = 4.00 x 4.00 ft,  Barrel Len = 300.00 ft,  No. Barrels = 5,  Slope = 0.00%,  Headers = No

Stage / Storage Table

Stage (ft) Elevation (ft) Contour area (sqft) Incr. Storage (cuft) Total storage (cuft)

0.00 100.00 n/a 0 0
0.40 100.40 n/a 983 983
0.80 100.80 n/a 1,703 2,686
1.20 101.20 n/a 2,073 4,759
1.60 101.60 n/a 2,284 7,043
2.00 102.00 n/a 2,386 9,429
2.40 102.40 n/a 2,386 11,815
2.80 102.80 n/a 2,283 14,098
3.20 103.20 n/a 2,072 16,170
3.60 103.60 n/a 1,703 17,874
4.00 104.00 n/a 980 18,853

Culvert / Orifice Structures Weir Structures

[A] [B] [C] [PrfRsr] [A] [B] [C] [D]

Rise (in) =  8.00 12.00 Inactive 0.00

Span (in) =  8.00 12.00 12.00 0.00

No. Barrels =  1 1 1 0

Invert El. (ft) =  100.00 102.75 103.00 0.00

Length (ft) =  0.00 0.00 1.00 0.00

Slope (%) =  0.00 0.00 1.00 n/a

N-Value =  .013 .013 .013 n/a

Orifice Coeff. =  0.60 0.60 0.60 0.60

Multi-Stage =  n/a No No No

Crest Len (ft) Inactive 0.00 0.00 0.00

Crest El. (ft) =  101.00 0.00 0.00 0.00

Weir Coeff. =  3.33 3.33 3.33 3.33

Weir Type =  Rect --- --- ---

Multi-Stage =  No No No No

Exfil.(in/hr) =  0.000 (by Wet area)

TW Elev. (ft) =  0.00

Note: Culvert/Orifice outflows are analyzed under inlet (ic) and outlet (oc) control.  Weir risers checked for orifice conditions (ic) and submergence (s).

Stage / Storage / Discharge Table

Stage Storage Elevation Clv A Clv B Clv C PrfRsr Wr A Wr B Wr C Wr D Exfil User Total
ft cuft ft cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs

0.00 0 100.00 0.00 0.00 0.00 --- 0.00 --- --- --- --- --- 0.000
0.04 98 100.04 0.01 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.006
0.08 197 100.08 0.02 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.023
0.12 295 100.12 0.05 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.050
0.16 393 100.16 0.09 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.088
0.20 492 100.20 0.13 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.135
0.24 590 100.24 0.19 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.189
0.28 688 100.28 0.25 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.251
0.32 787 100.32 0.32 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.319
0.36 885 100.36 0.39 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.393
0.40 983 100.40 0.47 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.471
0.44 1,154 100.44 0.55 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.552
0.48 1,324 100.48 0.64 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.635
0.52 1,494 100.52 0.72 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.718
0.56 1,664 100.56 0.80 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.798
0.60 1,835 100.60 0.87 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.873
0.64 2,005 100.64 0.94 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.938
0.68 2,175 100.68 0.99 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.989
0.72 2,345 100.72 1.05 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.045
0.76 2,516 100.76 1.10 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.098
0.80 2,686 100.80 1.15 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.148
0.84 2,893 100.84 1.20 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.196
0.88 3,101 100.88 1.24 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.243
0.92 3,308 100.92 1.29 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.287
0.96 3,515 100.96 1.33 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.330
1.00 3,723 101.00 1.37 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.372
1.04 3,930 101.04 1.41 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.413
1.08 4,137 101.08 1.45 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.452
1.12 4,345 101.12 1.49 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.491
1.16 4,552 101.16 1.53 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.528
1.20 4,759 101.20 1.56 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.564
1.24 4,988 101.24 1.60 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.600

Continues on next page...



10

North UG Detention

Stage / Storage / Discharge Table

Stage Storage Elevation Clv A Clv B Clv C PrfRsr Wr A Wr B Wr C Wr D Exfil User Total
ft cuft ft cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs

1.28 5,216 101.28 1.64 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.635
1.32 5,444 101.32 1.67 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.669
1.36 5,673 101.36 1.70 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.703
1.40 5,901 101.40 1.74 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.736
1.44 6,129 101.44 1.77 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.768
1.48 6,358 101.48 1.80 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.800
1.52 6,586 101.52 1.83 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.831
1.56 6,815 101.56 1.86 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.861
1.60 7,043 101.60 1.89 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.891
1.64 7,281 101.64 1.92 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.921
1.68 7,520 101.68 1.95 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.950
1.72 7,759 101.72 1.98 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.979
1.76 7,997 101.76 2.01 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 2.007
1.80 8,236 101.80 2.04 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 2.035
1.84 8,474 101.84 2.06 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 2.063
1.88 8,713 101.88 2.09 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 2.090
1.92 8,952 101.92 2.12 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 2.117
1.96 9,190 101.96 2.14 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 2.143
2.00 9,429 102.00 2.17 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 2.170
2.04 9,667 102.04 2.20 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 2.195
2.08 9,906 102.08 2.22 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 2.221
2.12 10,145 102.12 2.25 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 2.246
2.16 10,383 102.16 2.27 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 2.271
2.20 10,622 102.20 2.30 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 2.296
2.24 10,860 102.24 2.32 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 2.321
2.28 11,099 102.28 2.34 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 2.345
2.32 11,337 102.32 2.37 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 2.369
2.36 11,576 102.36 2.39 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 2.392
2.40 11,815 102.40 2.42 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 2.416
2.44 12,043 102.44 2.44 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 2.439
2.48 12,271 102.48 2.46 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 2.462
2.52 12,500 102.52 2.49 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 2.485
2.56 12,728 102.56 2.51 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 2.508
2.60 12,956 102.60 2.53 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 2.530
2.64 13,184 102.64 2.55 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 2.552
2.68 13,413 102.68 2.57 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 2.574
2.72 13,641 102.72 2.60 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 2.596
2.76 13,869 102.76 2.62 ic 0.00 ic 0.00 --- 0.00 --- --- --- --- --- 2.618
2.80 14,098 102.80 2.64 ic 0.01 ic 0.00 --- 0.00 --- --- --- --- --- 2.651
2.84 14,305 102.84 2.66 ic 0.04 ic 0.00 --- 0.00 --- --- --- --- --- 2.696
2.88 14,512 102.88 2.68 ic 0.07 ic 0.00 --- 0.00 --- --- --- --- --- 2.756
2.92 14,719 102.92 2.70 ic 0.12 ic 0.00 --- 0.00 --- --- --- --- --- 2.828
2.96 14,927 102.96 2.72 ic 0.19 ic 0.00 --- 0.00 --- --- --- --- --- 2.911
3.00 15,134 103.00 2.74 ic 0.26 ic 0.00 --- 0.00 --- --- --- --- --- 3.006
3.04 15,341 103.04 2.76 ic 0.35 ic 0.00 --- 0.00 --- --- --- --- --- 3.113
3.08 15,548 103.08 2.79 ic 0.44 ic 0.00 --- 0.00 --- --- --- --- --- 3.228
3.12 15,756 103.12 2.81 ic 0.55 ic 0.00 --- 0.00 --- --- --- --- --- 3.353
3.16 15,963 103.16 2.83 ic 0.66 ic 0.00 --- 0.00 --- --- --- --- --- 3.487
3.20 16,170 103.20 2.85 ic 0.78 ic 0.00 --- 0.00 --- --- --- --- --- 3.630
3.24 16,340 103.24 2.87 ic 0.91 ic 0.00 --- 0.00 --- --- --- --- --- 3.779
3.28 16,511 103.28 2.88 ic 1.05 ic 0.00 --- 0.00 --- --- --- --- --- 3.934
3.32 16,681 103.32 2.90 ic 1.19 ic 0.00 --- 0.00 --- --- --- --- --- 4.094
3.36 16,851 103.36 2.92 ic 1.34 ic 0.00 --- 0.00 --- --- --- --- --- 4.260
3.40 17,022 103.40 2.94 ic 1.48 ic 0.00 --- 0.00 --- --- --- --- --- 4.426
3.44 17,192 103.44 2.96 ic 1.64 ic 0.00 --- 0.00 --- --- --- --- --- 4.598
3.48 17,362 103.48 2.98 ic 1.79 ic 0.00 --- 0.00 --- --- --- --- --- 4.769
3.52 17,533 103.52 3.00 ic 1.94 ic 0.00 --- 0.00 --- --- --- --- --- 4.940
3.56 17,703 103.56 3.02 ic 2.09 ic 0.00 --- 0.00 --- --- --- --- --- 5.107
3.60 17,874 103.60 3.04 ic 2.23 ic 0.00 --- 0.00 --- --- --- --- --- 5.271
3.64 17,971 103.64 3.06 ic 2.37 ic 0.00 --- 0.00 --- --- --- --- --- 5.428
3.68 18,069 103.68 3.07 ic 2.50 ic 0.00 --- 0.00 --- --- --- --- --- 5.574
3.72 18,167 103.72 3.09 ic 2.61 ic 0.00 --- 0.00 --- --- --- --- --- 5.703
3.76 18,265 103.76 3.11 ic 2.70 ic 0.00 --- 0.00 --- --- --- --- --- 5.811
3.80 18,363 103.80 3.13 ic 2.80 ic 0.00 --- 0.00 --- --- --- --- --- 5.933
3.84 18,461 103.84 3.15 ic 2.90 ic 0.00 --- 0.00 --- --- --- --- --- 6.051
3.88 18,559 103.88 3.16 ic 3.00 ic 0.00 --- 0.00 --- --- --- --- --- 6.166
3.92 18,657 103.92 3.18 ic 3.10 ic 0.00 --- 0.00 --- --- --- --- --- 6.278
3.96 18,755 103.96 3.20 ic 3.19 ic 0.00 --- 0.00 --- --- --- --- --- 6.386
4.00 18,853 104.00 3.22 ic 3.27 ic 0.00 --- 0.00 --- --- --- --- --- 6.493

...End



Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Friday, 11 / 18 / 2016

Hyd. No. 4

Pre-Development A-X2

Hydrograph type =  SCS Runoff Peak discharge =  2.863 cfs
Storm frequency =  2 yrs Time to peak =  610 min
Time interval =  2 min Hyd. volume =  24,048 cuft
Drainage area =  8.340 ac Curve number =  80*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  24.10 min
Total precip. =  2.38 in Distribution =  Type I
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(8.174 x 80) + (0.161 x 98)] / 8.340
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TR55 Tc Worksheet
12

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5

Hyd. No. 4

Pre-Development A-X2

Description A B C Totals

Sheet Flow
Manning's n-value =  0.240 0.011 0.011
Flow length (ft) =  300.0 0.0 0.0
Two-year 24-hr precip. (in) =  2.38 0.00 0.00
Land slope (%) =  7.60 0.00 0.00

Travel Time (min) = 23.34 + 0.00 + 0.00 = 23.34

Shallow Concentrated Flow
Flow length (ft) =  206.00 0.00 0.00
Watercourse slope (%) =  7.90 0.00 0.00
Surface description =  Unpaved Paved Paved
Average velocity (ft/s) =4.53 0.00 0.00

Travel Time (min) = 0.76 + 0.00 + 0.00 = 0.76

Channel Flow
X sectional flow area (sqft) =  0.00 0.00 0.00
Wetted perimeter (ft) =  0.00 0.00 0.00
Channel slope (%) =  0.00 0.00 0.00
Manning's n-value =  0.015 0.015 0.015
Velocity (ft/s) =0.00

0.00
0.00

Flow length (ft) ({0})0.0 0.0 0.0

Travel Time (min) = 0.00 + 0.00 + 0.00 = 0.00

Total Travel Time, Tc .............................................................................. 24.10 min



Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Friday, 11 / 18 / 2016

Hyd. No. 5

Pre-Development A-X3

Hydrograph type =  SCS Runoff Peak discharge =  0.708 cfs
Storm frequency =  2 yrs Time to peak =  608 min
Time interval =  2 min Hyd. volume =  5,635 cuft
Drainage area =  1.890 ac Curve number =  80*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  22.00 min
Total precip. =  2.38 in Distribution =  Type I
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(1.840 x 80) + (0.050 x 98)] / 1.890
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TR55 Tc Worksheet
14

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5

Hyd. No. 5

Pre-Development A-X3

Description A B C Totals

Sheet Flow
Manning's n-value =  0.240 0.011 0.011
Flow length (ft) =  294.0 0.0 0.0
Two-year 24-hr precip. (in) =  2.38 0.00 0.00
Land slope (%) =  11.10 0.00 0.00

Travel Time (min) = 19.73 + 0.00 + 0.00 = 19.73

Shallow Concentrated Flow
Flow length (ft) =  158.00 0.00 0.00
Watercourse slope (%) =  0.50 0.00 0.00
Surface description =  Unpaved Paved Paved
Average velocity (ft/s) =1.14 0.00 0.00

Travel Time (min) = 2.31 + 0.00 + 0.00 = 2.31

Channel Flow
X sectional flow area (sqft) =  0.00 0.00 0.00
Wetted perimeter (ft) =  0.00 0.00 0.00
Channel slope (%) =  0.00 0.00 0.00
Manning's n-value =  0.015 0.015 0.015
Velocity (ft/s) =0.00

0.00
0.00

Flow length (ft) ({0})0.0 0.0 0.0

Travel Time (min) = 0.00 + 0.00 + 0.00 = 0.00

Total Travel Time, Tc .............................................................................. 22.00 min



Hydrograph Summary Report

15

Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph

No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1 SCS Runoff 3.219 2 610 24,031 ------ ------ ------ Pre-Development A-X1

2 SCS Runoff 18.83 2 596 83,489 ------ ------ ------ Post-Development - North

3 Reservoir 6.446 2 604 83,472 2 103.99 18,810 North System

4 SCS Runoff 6.564 2 610 49,002 ------ ------ ------ Pre-Development A-X2

5 SCS Runoff 1.620 2 608 11,482 ------ ------ ------ Pre-Development A-X3

Montano Prelim-North no gravel encasement.gpwReturn Period: 10 Year Friday, 11 / 18 / 2016

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5



Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Friday, 11 / 18 / 2016

Hyd. No. 1

Pre-Development A-X1

Hydrograph type =  SCS Runoff Peak discharge =  3.219 cfs
Storm frequency =  10 yrs Time to peak =  610 min
Time interval =  2 min Hyd. volume =  24,031 cuft
Drainage area =  4.090 ac Curve number =  80*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  23.90 min
Total precip. =  3.51 in Distribution =  Type I
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(4.092 x 80)] / 4.090
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Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Friday, 11 / 18 / 2016

Hyd. No. 2

Post-Development - North

Hydrograph type =  SCS Runoff Peak discharge =  18.83 cfs
Storm frequency =  10 yrs Time to peak =  596 min
Time interval =  2 min Hyd. volume =  83,489 cuft
Drainage area =  8.030 ac Curve number =  96*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  6.50 min
Total precip. =  3.51 in Distribution =  Type I
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(0.803 x 80) + (7.231 x 98)] / 8.030
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Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Friday, 11 / 18 / 2016

Hyd. No. 3

North System

Hydrograph type =  Reservoir Peak discharge =  6.446 cfs
Storm frequency =  10 yrs Time to peak =  604 min
Time interval =  2 min Hyd. volume =  83,472 cuft
Inflow hyd. No. =  2 - Post-Development - North Max. Elevation =  103.99 ft
Reservoir name =  North UG Detention Max. Storage =  18,810 cuft

Storage Indication method used.
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Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Friday, 11 / 18 / 2016

Hyd. No. 4

Pre-Development A-X2

Hydrograph type =  SCS Runoff Peak discharge =  6.564 cfs
Storm frequency =  10 yrs Time to peak =  610 min
Time interval =  2 min Hyd. volume =  49,002 cuft
Drainage area =  8.340 ac Curve number =  80*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  24.10 min
Total precip. =  3.51 in Distribution =  Type I
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(8.174 x 80) + (0.161 x 98)] / 8.340
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Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Friday, 11 / 18 / 2016

Hyd. No. 5

Pre-Development A-X3

Hydrograph type =  SCS Runoff Peak discharge =  1.620 cfs
Storm frequency =  10 yrs Time to peak =  608 min
Time interval =  2 min Hyd. volume =  11,482 cuft
Drainage area =  1.890 ac Curve number =  80*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  22.00 min
Total precip. =  3.51 in Distribution =  Type I
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(1.840 x 80) + (0.050 x 98)] / 1.890
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Hydraflow Rainfall Report
21

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Friday, 11 / 18 / 2016

Return Intensity-Duration-Frequency Equation Coefficients (FHA)
Period

(Yrs) B D E (N/A)

1 0.0000 0.0000 0.0000 --------

2 3.3705 0.1000 0.4857 --------

3 0.0000 0.0000 0.0000 --------

5 0.0000 0.0000 0.0000 --------

10 4.9332 0.1000 0.4842 --------

25 0.0000 0.0000 0.0000 --------

50 0.0000 0.0000 0.0000 --------

100 6.9679 0.1000 0.4832 --------

File name: Montano MAP 24 IDF.IDF

Intensity = B / (Tc + D)^E

Return Intensity Values (in/hr)
Period

(Yrs) 5 min 10 15 20 25 30 35 40 45 50 55 60

1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2 1.53 1.10 0.90 0.78 0.70 0.65 0.60 0.56 0.53 0.50 0.48 0.46

3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

10 2.24 1.61 1.33 1.15 1.04 0.95 0.88 0.83 0.78 0.74 0.71 0.68

25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

100 3.17 2.28 1.88 1.63 1.47 1.35 1.25 1.17 1.11 1.05 1.00 0.96

Tc = time in minutes. Values may exceed 60.

Rainfall Precipitation Table (in)

cip. file name: Z:\2013 Projects\21335 Montano Ph III\Admin\Calcs\Prelim Drainage Study\Montano MAP 24 Depths.pcp

Storm
Distribution 1-yr 2-yr 3-yr 5-yr 10-yr 25-yr 50-yr 100-yr

SCS 24-hour 0.00 2.38 0.00 3.30 3.51 5.77 6.80 4.98

SCS 6-Hr 0.00 1.16 0.00 0.00 1.72 0.00 0.00 2.43

Huff-1st 0.00 0.00 0.00 2.75 0.00 5.38 6.50 0.00

Huff-2nd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-3rd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-4th 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-Indy 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Custom 0.00 0.00 0.00 2.80 0.00 5.25 6.00 0.00
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1 - Pre-Development A-X1

2 - Post-Development - South

3 - South System

1

Watershed Model Schematic
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5

Project: Montano Prelim-South System.gpw Wednesday, 10 / 19 / 2016

Hyd. Origin Description

Legend

1 SCS Runoff Pre-Development A-X1

2 SCS Runoff Post-Development - South

3 Reservoir South System



Hydrograph Return Period Recap

2

Hyd. Hydrograph Inflow Peak Outflow (cfs) Hydrograph

No. type hyd(s) Description

(origin) 1-yr 2-yr 3-yr 5-yr 10-yr 25-yr 50-yr 100-yr

1 SCS Runoff ------ ------- 5.600 ------- ------- 12.41 ------- ------- ------- Pre-Development A-X1

2 SCS Runoff ------ ------- 8.722 ------- ------- 13.48 ------- ------- ------- Post-Development - South

3 Reservoir 2 ------- 1.507 ------- ------- 5.258 ------- ------- ------- South System

Proj. file: Montano Prelim-South System.gpw Wednesday, 10 / 19 / 2016

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5



Hydrograph Summary Report

3

Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph

No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1 SCS Runoff 5.600 2 610 45,765 ------ ------ ------ Pre-Development A-X1

2 SCS Runoff 8.722 1 593 34,864 ------ ------ ------ Post-Development - South

3 Reservoir 1.507 1 617 33,422 2 102.79 9,737 South System

Montano Prelim-South System.gpw Return Period: 2 Year Wednesday, 10 / 19 / 2016

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5



Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Wednesday, 10 / 19 / 2016

Hyd. No. 1

Pre-Development A-X1

Hydrograph type =  SCS Runoff Peak discharge =  5.600 cfs
Storm frequency =  2 yrs Time to peak =  610 min
Time interval =  2 min Hyd. volume =  45,765 cuft
Drainage area =  14.930 ac Curve number =  81*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  24.10 min
Total precip. =  2.38 in Distribution =  Type I
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(14.446 x 80) + (0.487 x 98)] / 14.930
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TR55 Tc Worksheet
5

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5

Hyd. No. 1

Pre-Development A-X1

Description A B C Totals

Sheet Flow
Manning's n-value =  0.240 0.011 0.011
Flow length (ft) =  300.0 0.0 0.0
Two-year 24-hr precip. (in) =  2.38 0.00 0.00
Land slope (%) =  7.60 0.00 0.00

Travel Time (min) = 23.34 + 0.00 + 0.00 = 23.34

Shallow Concentrated Flow
Flow length (ft) =  206.00 0.00 0.00
Watercourse slope (%) =  7.90 0.00 0.00
Surface description =  Unpaved Paved Paved
Average velocity (ft/s) =4.53 0.00 0.00

Travel Time (min) = 0.76 + 0.00 + 0.00 = 0.76

Channel Flow
X sectional flow area (sqft) =  0.00 0.00 0.00
Wetted perimeter (ft) =  0.00 0.00 0.00
Channel slope (%) =  0.00 0.00 0.00
Manning's n-value =  0.015 0.015 0.015
Velocity (ft/s) =0.00

0.00
0.00

Flow length (ft) ({0})0.0 0.0 0.0

Travel Time (min) = 0.00 + 0.00 + 0.00 = 0.00

Total Travel Time, Tc .............................................................................. 24.10 min



Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Wednesday, 10 / 19 / 2016

Hyd. No. 2

Post-Development - South

Hydrograph type =  SCS Runoff Peak discharge =  8.722 cfs
Storm frequency =  2 yrs Time to peak =  593 min
Time interval =  1 min Hyd. volume =  34,864 cuft
Drainage area =  5.270 ac Curve number =  96*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  2.70 min
Total precip. =  2.38 in Distribution =  Type I
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(0.527 x 80) + (4.739 x 98)] / 5.270
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TR55 Tc Worksheet
7

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5

Hyd. No. 2

Post-Development - South

Description A B C Totals

Sheet Flow
Manning's n-value =  0.011 0.011 0.011
Flow length (ft) =  231.0 0.0 0.0
Two-year 24-hr precip. (in) =  2.38 0.00 0.00
Land slope (%) =  2.40 0.00 0.00

Travel Time (min) = 2.55 + 0.00 + 0.00 = 2.55

Shallow Concentrated Flow
Flow length (ft) =  12.00 0.00 0.00
Watercourse slope (%) =  0.50 0.00 0.00
Surface description =  Paved Paved Paved
Average velocity (ft/s) =1.44 0.00 0.00

Travel Time (min) = 0.14 + 0.00 + 0.00 = 0.14

Channel Flow
X sectional flow area (sqft) =  0.79 0.00 0.00
Wetted perimeter (ft) =  3.14 0.00 0.00
Channel slope (%) =  1.00 0.00 0.00
Manning's n-value =  0.012 0.015 0.015
Velocity (ft/s) =4.90

0.00
0.00

Flow length (ft) ({0})13.0 0.0 0.0

Travel Time (min) = 0.04 + 0.00 + 0.00 = 0.04

Total Travel Time, Tc .............................................................................. 2.70 min



Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Wednesday, 10 / 19 / 2016

Hyd. No. 3

South System

Hydrograph type =  Reservoir Peak discharge =  1.507 cfs
Storm frequency =  2 yrs Time to peak =  617 min
Time interval =  1 min Hyd. volume =  33,422 cuft
Inflow hyd. No. =  2 - Post-Development - South Max. Elevation =  102.79 ft
Reservoir name =  South UG Detention Max. Storage =  9,737 cuft

Storage Indication method used.
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Pond Report 9

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Wednesday, 10 / 19 / 2016

Pond No. 1 -  South UG Detention

Pond Data

UG Chambers -Invert elev. = 100.00 ft,  Rise x Span = 4.00 x 4.00 ft,  Barrel Len = 350.00 ft,  No. Barrels = 2,  Slope = 0.10%,  Headers = No

Encasement -Invert elev. = 99.00 ft,  Width = 6.00 ft,  Height = 6.00 ft,  Voids = 40.00%

Stage / Storage Table

Stage (ft) Elevation (ft) Contour area (sqft) Incr. Storage (cuft) Total storage (cuft)

0.00 99.00 n/a 0 0
0.63 99.64 n/a 773 773
1.27 100.27 n/a 1,114 1,887
1.90 100.90 n/a 1,683 3,570
2.54 101.54 n/a 1,997 5,567
3.17 102.18 n/a 2,114 7,681
3.81 102.81 n/a 2,114 9,795
4.45 103.44 n/a 1,997 11,792
5.08 104.08 n/a 1,682 13,474
5.72 104.72 n/a 1,114 14,588
6.35 105.35 n/a 1,067 15,655

Culvert / Orifice Structures Weir Structures

[A] [B] [C] [PrfRsr] [A] [B] [C] [D]

Rise (in) =  6.00 12.00 Inactive 0.00

Span (in) =  6.00 12.00 12.00 0.00

No. Barrels =  1 1 1 0

Invert El. (ft) =  100.00 103.00 103.00 0.00

Length (ft) =  0.00 0.00 1.00 0.00

Slope (%) =  0.00 0.00 1.00 n/a

N-Value =  .013 .013 .013 n/a

Orifice Coeff. =  0.60 0.60 0.60 0.60

Multi-Stage =  n/a No No No

Crest Len (ft) Inactive 0.00 0.00 0.00

Crest El. (ft) =  101.00 0.00 0.00 0.00

Weir Coeff. =  3.33 3.33 3.33 3.33

Weir Type =  Rect --- --- ---

Multi-Stage =  No No No No

Exfil.(in/hr) =  0.000 (by Wet area)

TW Elev. (ft) =  0.00

Note: Culvert/Orifice outflows are analyzed under inlet (ic) and outlet (oc) control.  Weir risers checked for orifice conditions (ic) and submergence (s).

Stage / Storage / Discharge Table

Stage Storage Elevation Clv A Clv B Clv C PrfRsr Wr A Wr B Wr C Wr D Exfil User Total
ft cuft ft cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs

0.00 0 99.00 0.00 0.00 0.00 --- 0.00 --- --- --- --- --- 0.000
0.63 773 99.64 0.00 0.00 0.00 --- 0.00 --- --- --- --- --- 0.000
1.27 1,887 100.27 0.19 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.191
1.90 3,570 100.90 0.77 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.765
2.54 5,567 101.54 1.07 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.074
3.17 7,681 102.18 1.31 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.312
3.81 9,795 102.81 1.51 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 1.512
4.45 11,792 103.44 1.69 ic 0.77 ic 0.00 --- 0.00 --- --- --- --- --- 2.457
5.08 13,474 104.08 1.85 ic 2.88 ic 0.00 --- 0.00 --- --- --- --- --- 4.730
5.72 14,588 104.72 2.00 ic 4.17 ic 0.00 --- 0.00 --- --- --- --- --- 6.165
6.35 15,655 105.35 2.13 ic 5.14 ic 0.00 --- 0.00 --- --- --- --- --- 7.278



Hydrograph Summary Report

10

Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph

No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1 SCS Runoff 12.41 2 610 91,582 ------ ------ ------ Pre-Development A-X1

2 SCS Runoff 13.48 1 593 54,793 ------ ------ ------ Post-Development - South

3 Reservoir 5.258 1 601 53,350 2 104.31 13,840 South System

Montano Prelim-South System.gpw Return Period: 10 Year Wednesday, 10 / 19 / 2016

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5



Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Wednesday, 10 / 19 / 2016

Hyd. No. 1

Pre-Development A-X1

Hydrograph type =  SCS Runoff Peak discharge =  12.41 cfs
Storm frequency =  10 yrs Time to peak =  610 min
Time interval =  2 min Hyd. volume =  91,582 cuft
Drainage area =  14.930 ac Curve number =  81*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  24.10 min
Total precip. =  3.51 in Distribution =  Type I
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(14.446 x 80) + (0.487 x 98)] / 14.930
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Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Wednesday, 10 / 19 / 2016

Hyd. No. 2

Post-Development - South

Hydrograph type =  SCS Runoff Peak discharge =  13.48 cfs
Storm frequency =  10 yrs Time to peak =  593 min
Time interval =  1 min Hyd. volume =  54,793 cuft
Drainage area =  5.270 ac Curve number =  96*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  2.70 min
Total precip. =  3.51 in Distribution =  Type I
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(0.527 x 80) + (4.739 x 98)] / 5.270
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Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Wednesday, 10 / 19 / 2016

Hyd. No. 3

South System

Hydrograph type =  Reservoir Peak discharge =  5.258 cfs
Storm frequency =  10 yrs Time to peak =  601 min
Time interval =  1 min Hyd. volume =  53,350 cuft
Inflow hyd. No. =  2 - Post-Development - South Max. Elevation =  104.31 ft
Reservoir name =  South UG Detention Max. Storage =  13,840 cuft

Storage Indication method used.
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Hydraflow Rainfall Report
14

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Wednesday, 10 / 19 / 2016

Return Intensity-Duration-Frequency Equation Coefficients (FHA)
Period

(Yrs) B D E (N/A)

1 0.0000 0.0000 0.0000 --------

2 3.3705 0.1000 0.4857 --------

3 0.0000 0.0000 0.0000 --------

5 0.0000 0.0000 0.0000 --------

10 4.9332 0.1000 0.4842 --------

25 0.0000 0.0000 0.0000 --------

50 0.0000 0.0000 0.0000 --------

100 6.9679 0.1000 0.4832 --------

File name: Montano MAP 24 IDF.IDF

Intensity = B / (Tc + D)^E

Return Intensity Values (in/hr)
Period

(Yrs) 5 min 10 15 20 25 30 35 40 45 50 55 60

1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2 1.53 1.10 0.90 0.78 0.70 0.65 0.60 0.56 0.53 0.50 0.48 0.46

3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

10 2.24 1.61 1.33 1.15 1.04 0.95 0.88 0.83 0.78 0.74 0.71 0.68

25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

100 3.17 2.28 1.88 1.63 1.47 1.35 1.25 1.17 1.11 1.05 1.00 0.96

Tc = time in minutes. Values may exceed 60.

Rainfall Precipitation Table (in)

cip. file name: Z:\2013 Projects\21335 Montano Ph III\Admin\Calcs\Prelim Drainage Study\Montano MAP 24 Depths.pcp

Storm
Distribution 1-yr 2-yr 3-yr 5-yr 10-yr 25-yr 50-yr 100-yr

SCS 24-hour 0.00 2.38 0.00 3.30 3.51 5.77 6.80 4.98

SCS 6-Hr 0.00 1.16 0.00 0.00 1.72 0.00 0.00 2.43

Huff-1st 0.00 0.00 0.00 2.75 0.00 5.38 6.50 0.00

Huff-2nd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-3rd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-4th 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-Indy 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Custom 0.00 0.00 0.00 2.80 0.00 5.25 6.00 0.00
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1

Watershed Model Schematic
Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5

Project: Montano Prelim-South no gravel encasement.gpw Friday, 11 / 18 / 2016

Hyd. Origin Description

Legend

1 SCS Runoff Pre-Development A-X1

2 SCS Runoff Post-Development - South

3 Reservoir South System

4 SCS Runoff Pre-Development A-X2

5 SCS Runoff Pre-Development A-X3



Hydrograph Return Period Recap

2

Hyd. Hydrograph Inflow Peak Outflow (cfs) Hydrograph

No. type hyd(s) Description

(origin) 1-yr 2-yr 3-yr 5-yr 10-yr 25-yr 50-yr 100-yr

1 SCS Runoff ------ ------- 1.404 ------- ------- 3.219 ------- ------- ------- Pre-Development A-X1

2 SCS Runoff ------ ------- 8.722 ------- ------- 13.48 ------- ------- ------- Post-Development - South

3 Reservoir 2 ------- 0.638 ------- ------- 1.539 ------- ------- ------- South System

4 SCS Runoff ------ ------- 2.360 ------- ------- 5.853 ------- ------- ------- Pre-Development A-X2

5 SCS Runoff ------ ------- 0.708 ------- ------- 1.620 ------- ------- ------- Pre-Development A-X3

Proj. file: Montano Prelim-South no gravel encasement.gpw Friday, 11 / 18 / 2016

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5



Hydrograph Summary Report

3

Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph

No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1 SCS Runoff 1.404 2 610 11,793 ------ ------ ------ Pre-Development A-X1

2 SCS Runoff 8.722 1 593 34,864 ------ ------ ------ Post-Development - South

3 Reservoir 0.638 1 709 34,838 2 102.47 13,044 South System

4 SCS Runoff 2.360 2 610 21,195 ------ ------ ------ Pre-Development A-X2

5 SCS Runoff 0.708 2 608 5,635 ------ ------ ------ Pre-Development A-X3

Montano Prelim-South no gravel encasement.gpwReturn Period: 2 Year Friday, 11 / 18 / 2016

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5



Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Friday, 11 / 18 / 2016

Hyd. No. 1

Pre-Development A-X1

Hydrograph type =  SCS Runoff Peak discharge =  1.404 cfs
Storm frequency =  2 yrs Time to peak =  610 min
Time interval =  2 min Hyd. volume =  11,793 cuft
Drainage area =  4.090 ac Curve number =  80*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  23.90 min
Total precip. =  2.38 in Distribution =  Type I
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(4.092 x 80)] / 4.090
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TR55 Tc Worksheet
5

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5

Hyd. No. 1

Pre-Development A-X1

Description A B C Totals

Sheet Flow
Manning's n-value =  0.240 0.011 0.011
Flow length (ft) =  300.0 0.0 0.0
Two-year 24-hr precip. (in) =  2.38 0.00 0.00
Land slope (%) =  7.30 0.00 0.00

Travel Time (min) = 23.72 + 0.00 + 0.00 = 23.72

Shallow Concentrated Flow
Flow length (ft) =  92.00 0.00 0.00
Watercourse slope (%) =  20.80 0.00 0.00
Surface description =  Unpaved Paved Paved
Average velocity (ft/s) =7.36 0.00 0.00

Travel Time (min) = 0.21 + 0.00 + 0.00 = 0.21

Channel Flow
X sectional flow area (sqft) =  0.00 0.00 0.00
Wetted perimeter (ft) =  0.00 0.00 0.00
Channel slope (%) =  0.00 0.00 0.00
Manning's n-value =  0.015 0.015 0.015
Velocity (ft/s) =0.00

0.00
0.00

Flow length (ft) ({0})0.0 0.0 0.0

Travel Time (min) = 0.00 + 0.00 + 0.00 = 0.00

Total Travel Time, Tc .............................................................................. 23.90 min



Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Friday, 11 / 18 / 2016

Hyd. No. 2

Post-Development - South

Hydrograph type =  SCS Runoff Peak discharge =  8.722 cfs
Storm frequency =  2 yrs Time to peak =  593 min
Time interval =  1 min Hyd. volume =  34,864 cuft
Drainage area =  5.270 ac Curve number =  96*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  2.70 min
Total precip. =  2.38 in Distribution =  Type I
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(0.527 x 80) + (4.739 x 98)] / 5.270
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TR55 Tc Worksheet
7

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5

Hyd. No. 2

Post-Development - South

Description A B C Totals

Sheet Flow
Manning's n-value =  0.011 0.011 0.011
Flow length (ft) =  231.0 0.0 0.0
Two-year 24-hr precip. (in) =  2.38 0.00 0.00
Land slope (%) =  2.40 0.00 0.00

Travel Time (min) = 2.55 + 0.00 + 0.00 = 2.55

Shallow Concentrated Flow
Flow length (ft) =  12.00 0.00 0.00
Watercourse slope (%) =  0.50 0.00 0.00
Surface description =  Paved Paved Paved
Average velocity (ft/s) =1.44 0.00 0.00

Travel Time (min) = 0.14 + 0.00 + 0.00 = 0.14

Channel Flow
X sectional flow area (sqft) =  0.79 0.00 0.00
Wetted perimeter (ft) =  3.14 0.00 0.00
Channel slope (%) =  1.00 0.00 0.00
Manning's n-value =  0.012 0.015 0.015
Velocity (ft/s) =4.90

0.00
0.00

Flow length (ft) ({0})13.0 0.0 0.0

Travel Time (min) = 0.04 + 0.00 + 0.00 = 0.04

Total Travel Time, Tc .............................................................................. 2.70 min



Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Friday, 11 / 18 / 2016

Hyd. No. 3

South System

Hydrograph type =  Reservoir Peak discharge =  0.638 cfs
Storm frequency =  2 yrs Time to peak =  709 min
Time interval =  1 min Hyd. volume =  34,838 cuft
Inflow hyd. No. =  2 - Post-Development - South Max. Elevation =  102.47 ft
Reservoir name =  South UG Detention Max. Storage =  13,044 cuft

Storage Indication method used.
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Pond Report 9

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Friday, 11 / 18 / 2016

Pond No. 1 -  South UG Detention

Pond Data

UG Chambers -Invert elev. = 100.00 ft,  Rise x Span = 4.00 x 4.00 ft,  Barrel Len = 400.00 ft,  No. Barrels = 4,  Slope = 0.00%,  Headers = No

Stage / Storage Table

Stage (ft) Elevation (ft) Contour area (sqft) Incr. Storage (cuft) Total storage (cuft)

0.00 100.00 n/a 0 0
0.40 100.40 n/a 1,049 1,049
0.80 100.80 n/a 1,816 2,865
1.20 101.20 n/a 2,212 5,077
1.60 101.60 n/a 2,436 7,512
2.00 102.00 n/a 2,545 10,057
2.40 102.40 n/a 2,545 12,602
2.80 102.80 n/a 2,435 15,038
3.20 103.20 n/a 2,211 17,248
3.60 103.60 n/a 1,817 19,065
4.00 104.00 n/a 1,045 20,110

Culvert / Orifice Structures Weir Structures

[A] [B] [C] [PrfRsr] [A] [B] [C] [D]

Rise (in) =  4.00 6.00 Inactive 0.00

Span (in) =  4.00 6.00 12.00 0.00

No. Barrels =  1 1 1 0

Invert El. (ft) =  100.00 103.00 103.00 0.00

Length (ft) =  0.00 0.00 1.00 0.00

Slope (%) =  0.00 0.00 1.00 n/a

N-Value =  .013 .013 .013 n/a

Orifice Coeff. =  0.60 0.60 0.60 0.60

Multi-Stage =  n/a No No No

Crest Len (ft) Inactive 0.00 0.00 0.00

Crest El. (ft) =  101.00 0.00 0.00 0.00

Weir Coeff. =  3.33 3.33 3.33 3.33

Weir Type =  Rect --- --- ---

Multi-Stage =  No No No No

Exfil.(in/hr) =  0.000 (by Wet area)

TW Elev. (ft) =  0.00

Note: Culvert/Orifice outflows are analyzed under inlet (ic) and outlet (oc) control.  Weir risers checked for orifice conditions (ic) and submergence (s).

Stage / Storage / Discharge Table

Stage Storage Elevation Clv A Clv B Clv C PrfRsr Wr A Wr B Wr C Wr D Exfil User Total
ft cuft ft cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs

0.00 0 100.00 0.00 0.00 0.00 --- 0.00 --- --- --- --- --- 0.000
0.04 105 100.04 0.00 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.004
0.08 210 100.08 0.02 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.016
0.12 315 100.12 0.03 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.033
0.16 420 100.16 0.06 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.056
0.20 524 100.20 0.08 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.083
0.24 629 100.24 0.11 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.112
0.28 734 100.28 0.14 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.141
0.32 839 100.32 0.17 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.166
0.36 944 100.36 0.18 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.185
0.40 1,049 100.40 0.20 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.203
0.44 1,231 100.44 0.22 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.220
0.48 1,412 100.48 0.24 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.235
0.52 1,594 100.52 0.25 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.250
0.56 1,775 100.56 0.26 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.263
0.60 1,957 100.60 0.28 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.277
0.64 2,139 100.64 0.29 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.289
0.68 2,320 100.68 0.30 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.301
0.72 2,502 100.72 0.31 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.313
0.76 2,683 100.76 0.32 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.324
0.80 2,865 100.80 0.33 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.334
0.84 3,086 100.84 0.34 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.345
0.88 3,307 100.88 0.35 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.355
0.92 3,529 100.92 0.36 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.365
0.96 3,750 100.96 0.37 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.374
1.00 3,971 101.00 0.38 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.384
1.04 4,192 101.04 0.39 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.393
1.08 4,413 101.08 0.40 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.402
1.12 4,634 101.12 0.41 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.410
1.16 4,855 101.16 0.42 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.419
1.20 5,077 101.20 0.43 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.427
1.24 5,320 101.24 0.44 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.435

Continues on next page...



10

South UG Detention

Stage / Storage / Discharge Table

Stage Storage Elevation Clv A Clv B Clv C PrfRsr Wr A Wr B Wr C Wr D Exfil User Total
ft cuft ft cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs cfs

1.28 5,564 101.28 0.44 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.443
1.32 5,807 101.32 0.45 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.451
1.36 6,051 101.36 0.46 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.459
1.40 6,295 101.40 0.47 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.467
1.44 6,538 101.44 0.47 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.474
1.48 6,782 101.48 0.48 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.481
1.52 7,025 101.52 0.49 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.489
1.56 7,269 101.56 0.50 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.496
1.60 7,512 101.60 0.50 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.503
1.64 7,767 101.64 0.51 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.510
1.68 8,021 101.68 0.52 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.517
1.72 8,276 101.72 0.52 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.524
1.76 8,530 101.76 0.53 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.530
1.80 8,785 101.80 0.54 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.537
1.84 9,039 101.84 0.54 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.543
1.88 9,294 101.88 0.55 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.550
1.92 9,548 101.92 0.56 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.556
1.96 9,803 101.96 0.56 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.563
2.00 10,057 102.00 0.57 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.569
2.04 10,312 102.04 0.58 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.575
2.08 10,566 102.08 0.58 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.581
2.12 10,821 102.12 0.59 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.587
2.16 11,075 102.16 0.59 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.593
2.20 11,330 102.20 0.60 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.599
2.24 11,584 102.24 0.60 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.605
2.28 11,839 102.28 0.61 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.611
2.32 12,093 102.32 0.62 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.617
2.36 12,348 102.36 0.62 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.622
2.40 12,602 102.40 0.63 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.628
2.44 12,846 102.44 0.63 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.633
2.48 13,089 102.48 0.64 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.639
2.52 13,333 102.52 0.64 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.645
2.56 13,576 102.56 0.65 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.650
2.60 13,820 102.60 0.66 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.655
2.64 14,063 102.64 0.66 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.661
2.68 14,307 102.68 0.67 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.666
2.72 14,550 102.72 0.67 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.671
2.76 14,794 102.76 0.68 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.677
2.80 15,038 102.80 0.68 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.682
2.84 15,259 102.84 0.69 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.687
2.88 15,480 102.88 0.69 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.692
2.92 15,701 102.92 0.70 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.697
2.96 15,922 102.96 0.70 ic 0.00 0.00 --- 0.00 --- --- --- --- --- 0.702
3.00 16,143 103.00 0.71 ic 0.00 ic 0.00 --- 0.00 --- --- --- --- --- 0.707
3.04 16,364 103.04 0.71 ic 0.01 ic 0.00 --- 0.00 --- --- --- --- --- 0.717
3.08 16,585 103.08 0.72 ic 0.02 ic 0.00 --- 0.00 --- --- --- --- --- 0.737
3.12 16,806 103.12 0.72 ic 0.04 ic 0.00 --- 0.00 --- --- --- --- --- 0.765
3.16 17,027 103.16 0.73 ic 0.07 ic 0.00 --- 0.00 --- --- --- --- --- 0.801
3.20 17,248 103.20 0.73 ic 0.11 ic 0.00 --- 0.00 --- --- --- --- --- 0.843
3.24 17,430 103.24 0.74 ic 0.16 ic 0.00 --- 0.00 --- --- --- --- --- 0.892
3.28 17,611 103.28 0.74 ic 0.20 ic 0.00 --- 0.00 --- --- --- --- --- 0.945
3.32 17,793 103.32 0.75 ic 0.26 ic 0.00 --- 0.00 --- --- --- --- --- 1.002
3.36 17,975 103.36 0.75 ic 0.31 ic 0.00 --- 0.00 --- --- --- --- --- 1.060
3.40 18,157 103.40 0.76 ic 0.36 ic 0.00 --- 0.00 --- --- --- --- --- 1.118
3.44 18,338 103.44 0.76 ic 0.41 ic 0.00 --- 0.00 --- --- --- --- --- 1.173
3.48 18,520 103.48 0.76 ic 0.46 ic 0.00 --- 0.00 --- --- --- --- --- 1.222
3.52 18,702 103.52 0.77 ic 0.49 ic 0.00 --- 0.00 --- --- --- --- --- 1.261
3.56 18,883 103.56 0.77 ic 0.53 ic 0.00 --- 0.00 --- --- --- --- --- 1.300
3.60 19,065 103.60 0.78 ic 0.56 ic 0.00 --- 0.00 --- --- --- --- --- 1.338
3.64 19,170 103.64 0.78 ic 0.59 ic 0.00 --- 0.00 --- --- --- --- --- 1.373
3.68 19,274 103.68 0.79 ic 0.62 ic 0.00 --- 0.00 --- --- --- --- --- 1.407
3.72 19,379 103.72 0.79 ic 0.65 ic 0.00 --- 0.00 --- --- --- --- --- 1.440
3.76 19,483 103.76 0.80 ic 0.68 ic 0.00 --- 0.00 --- --- --- --- --- 1.471
3.80 19,588 103.80 0.80 ic 0.70 ic 0.00 --- 0.00 --- --- --- --- --- 1.502
3.84 19,692 103.84 0.81 ic 0.73 ic 0.00 --- 0.00 --- --- --- --- --- 1.531
3.88 19,797 103.88 0.81 ic 0.75 ic 0.00 --- 0.00 --- --- --- --- --- 1.560
3.92 19,901 103.92 0.81 ic 0.77 ic 0.00 --- 0.00 --- --- --- --- --- 1.588
3.96 20,006 103.96 0.82 ic 0.80 ic 0.00 --- 0.00 --- --- --- --- --- 1.615
4.00 20,110 104.00 0.82 ic 0.82 ic 0.00 --- 0.00 --- --- --- --- --- 1.641

...End



Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Friday, 11 / 18 / 2016

Hyd. No. 4

Pre-Development A-X2

Hydrograph type =  SCS Runoff Peak discharge =  2.360 cfs
Storm frequency =  2 yrs Time to peak =  610 min
Time interval =  2 min Hyd. volume =  21,195 cuft
Drainage area =  8.340 ac Curve number =  78*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  24.10 min
Total precip. =  2.38 in Distribution =  Type I
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(8.174 x 80)] / 8.340
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TR55 Tc Worksheet
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Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5

Hyd. No. 4

Pre-Development A-X2

Description A B C Totals

Sheet Flow
Manning's n-value =  0.240 0.011 0.011
Flow length (ft) =  300.0 0.0 0.0
Two-year 24-hr precip. (in) =  2.38 0.00 0.00
Land slope (%) =  7.60 0.00 0.00

Travel Time (min) = 23.34 + 0.00 + 0.00 = 23.34

Shallow Concentrated Flow
Flow length (ft) =  206.00 0.00 0.00
Watercourse slope (%) =  7.90 0.00 0.00
Surface description =  Unpaved Paved Paved
Average velocity (ft/s) =4.53 0.00 0.00

Travel Time (min) = 0.76 + 0.00 + 0.00 = 0.76

Channel Flow
X sectional flow area (sqft) =  0.00 0.00 0.00
Wetted perimeter (ft) =  0.00 0.00 0.00
Channel slope (%) =  0.00 0.00 0.00
Manning's n-value =  0.015 0.015 0.015
Velocity (ft/s) =0.00

0.00
0.00

Flow length (ft) ({0})0.0 0.0 0.0

Travel Time (min) = 0.00 + 0.00 + 0.00 = 0.00

Total Travel Time, Tc .............................................................................. 24.10 min



Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Friday, 11 / 18 / 2016

Hyd. No. 5

Pre-Development A-X3

Hydrograph type =  SCS Runoff Peak discharge =  0.708 cfs
Storm frequency =  2 yrs Time to peak =  608 min
Time interval =  2 min Hyd. volume =  5,635 cuft
Drainage area =  1.890 ac Curve number =  80*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  22.00 min
Total precip. =  2.38 in Distribution =  Type I
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(1.840 x 80) + (0.047 x 98)] / 1.890
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TR55 Tc Worksheet
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Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5

Hyd. No. 5

Pre-Development A-X3

Description A B C Totals

Sheet Flow
Manning's n-value =  0.240 0.011 0.011
Flow length (ft) =  294.0 0.0 0.0
Two-year 24-hr precip. (in) =  2.38 0.00 0.00
Land slope (%) =  11.10 0.00 0.00

Travel Time (min) = 19.73 + 0.00 + 0.00 = 19.73

Shallow Concentrated Flow
Flow length (ft) =  158.00 0.00 0.00
Watercourse slope (%) =  0.50 0.00 0.00
Surface description =  Unpaved Paved Paved
Average velocity (ft/s) =1.14 0.00 0.00

Travel Time (min) = 2.31 + 0.00 + 0.00 = 2.31

Channel Flow
X sectional flow area (sqft) =  0.00 0.00 0.00
Wetted perimeter (ft) =  0.00 0.00 0.00
Channel slope (%) =  0.00 0.00 0.00
Manning's n-value =  0.015 0.015 0.015
Velocity (ft/s) =0.00

0.00
0.00

Flow length (ft) ({0})0.0 0.0 0.0

Travel Time (min) = 0.00 + 0.00 + 0.00 = 0.00

Total Travel Time, Tc .............................................................................. 22.00 min



Hydrograph Summary Report

15

Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph

No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1 SCS Runoff 3.219 2 610 24,031 ------ ------ ------ Pre-Development A-X1

2 SCS Runoff 13.48 1 593 54,793 ------ ------ ------ Post-Development - South

3 Reservoir 1.539 1 633 54,767 2 103.85 19,722 South System

4 SCS Runoff 5.853 2 610 44,850 ------ ------ ------ Pre-Development A-X2

5 SCS Runoff 1.620 2 608 11,482 ------ ------ ------ Pre-Development A-X3

Montano Prelim-South no gravel encasement.gpwReturn Period: 10 Year Friday, 11 / 18 / 2016

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5



Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Friday, 11 / 18 / 2016

Hyd. No. 1

Pre-Development A-X1

Hydrograph type =  SCS Runoff Peak discharge =  3.219 cfs
Storm frequency =  10 yrs Time to peak =  610 min
Time interval =  2 min Hyd. volume =  24,031 cuft
Drainage area =  4.090 ac Curve number =  80*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  23.90 min
Total precip. =  3.51 in Distribution =  Type I
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(4.092 x 80)] / 4.090
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Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Friday, 11 / 18 / 2016

Hyd. No. 2

Post-Development - South

Hydrograph type =  SCS Runoff Peak discharge =  13.48 cfs
Storm frequency =  10 yrs Time to peak =  593 min
Time interval =  1 min Hyd. volume =  54,793 cuft
Drainage area =  5.270 ac Curve number =  96*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  2.70 min
Total precip. =  3.51 in Distribution =  Type I
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(0.527 x 80) + (4.739 x 98)] / 5.270
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Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Friday, 11 / 18 / 2016

Hyd. No. 3

South System

Hydrograph type =  Reservoir Peak discharge =  1.539 cfs
Storm frequency =  10 yrs Time to peak =  633 min
Time interval =  1 min Hyd. volume =  54,767 cuft
Inflow hyd. No. =  2 - Post-Development - South Max. Elevation =  103.85 ft
Reservoir name =  South UG Detention Max. Storage =  19,722 cuft

Storage Indication method used.

18

0 180 360 540 720 900 1080 1260 1440 1620 1800 1980

Q (cfs)

0.00 0.00

2.00 2.00

4.00 4.00

6.00 6.00

8.00 8.00

10.00 10.00

12.00 12.00

14.00 14.00

Q (cfs)

Time (min)

South System

Hyd. No. 3 -- 10 Year

Hyd No. 3 Hyd No. 2 Total storage used = 19,722 cuft



Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Friday, 11 / 18 / 2016

Hyd. No. 4

Pre-Development A-X2

Hydrograph type =  SCS Runoff Peak discharge =  5.853 cfs
Storm frequency =  10 yrs Time to peak =  610 min
Time interval =  2 min Hyd. volume =  44,850 cuft
Drainage area =  8.340 ac Curve number =  78*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  24.10 min
Total precip. =  3.51 in Distribution =  Type I
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(8.174 x 80)] / 8.340
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Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Friday, 11 / 18 / 2016

Hyd. No. 5

Pre-Development A-X3

Hydrograph type =  SCS Runoff Peak discharge =  1.620 cfs
Storm frequency =  10 yrs Time to peak =  608 min
Time interval =  2 min Hyd. volume =  11,482 cuft
Drainage area =  1.890 ac Curve number =  80*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  22.00 min
Total precip. =  3.51 in Distribution =  Type I
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(1.840 x 80) + (0.047 x 98)] / 1.890
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Hydraflow Rainfall Report
21

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2016 by Autodesk, Inc. v10.5 Friday, 11 / 18 / 2016

Return Intensity-Duration-Frequency Equation Coefficients (FHA)
Period

(Yrs) B D E (N/A)

1 0.0000 0.0000 0.0000 --------

2 3.3705 0.1000 0.4857 --------

3 0.0000 0.0000 0.0000 --------

5 0.0000 0.0000 0.0000 --------

10 4.9332 0.1000 0.4842 --------

25 0.0000 0.0000 0.0000 --------

50 0.0000 0.0000 0.0000 --------

100 6.9679 0.1000 0.4832 --------

File name: Montano MAP 24 IDF.IDF

Intensity = B / (Tc + D)^E

Return Intensity Values (in/hr)
Period

(Yrs) 5 min 10 15 20 25 30 35 40 45 50 55 60

1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2 1.53 1.10 0.90 0.78 0.70 0.65 0.60 0.56 0.53 0.50 0.48 0.46

3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

10 2.24 1.61 1.33 1.15 1.04 0.95 0.88 0.83 0.78 0.74 0.71 0.68

25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

100 3.17 2.28 1.88 1.63 1.47 1.35 1.25 1.17 1.11 1.05 1.00 0.96

Tc = time in minutes. Values may exceed 60.

Rainfall Precipitation Table (in)

cip. file name: Z:\2013 Projects\21335 Montano Ph III\Admin\Calcs\Prelim Drainage Study\Montano MAP 24 Depths.pcp

Storm
Distribution 1-yr 2-yr 3-yr 5-yr 10-yr 25-yr 50-yr 100-yr

SCS 24-hour 0.00 2.38 0.00 3.30 3.51 5.77 6.80 4.98

SCS 6-Hr 0.00 1.16 0.00 0.00 1.72 0.00 0.00 2.43

Huff-1st 0.00 0.00 0.00 2.75 0.00 5.38 6.50 0.00

Huff-2nd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-3rd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-4th 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-Indy 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Custom 0.00 0.00 0.00 2.80 0.00 5.25 6.00 0.00
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