E

ngineering Corporation

july 26,2019

Ms. Anna Bergmark

City of Colorado Springs Water Resources Engineering
30 South Nevada Suite 401

Colorado Springs, Colorado 80903

RE:  Welf Ranch Master Development Drainage Plan Amendment, Drainage
Evaluation, Colorade Springs, Colorado (Kiowa Project No. 17049)

Dear Anna:

On behalf of the Wolf Ranch Development, Kiowa is providing the City with a drainage
evaluation for the above referenced project. The overall Wolf Ranch master plan is being proposed
for revision. Revision to the master plan will that require an update to the approved Master
Development Drainage Plan (MDDP). The MDDP for Wolf Ranch was last updated and approved by
the City in June 2018. The location of Wolf Ranch is shown on Figure 1.

The updated master plan shows changes to the proposed land uses for those portions of
Wolf Ranch that remain to be developed. The revisions to the land use densities could have an impact
upon the sizing of the major drainageway, storm sewer outfall and stormwater detention primarily
within “east” Wolf Ranch. At this time all the stormwater detention basins identified in the approved
MDDP have been built or are currently under construction. Attached to this evaluation is the current
and proposed land use plans for Wolf Ranch.

Kiowa has reviewed the proposed land use plan and has found that overall, the land use
densities are decreasing from what was assumed in the updated MDDP. In the design of the full
spectrum detention basins (FSD'’s), the key parameter that determines the detention storage volume
is the imperviousness of the watershed tributary to the FSD. The proposed land uses within each
watershed tributary to detention basins A4, F18/19, F 28, H and G were reviewed. Changes in
imperviousness are as follows:

Detention basin % Imperviousness % Imperviousness

# per design per rev ODP
A4 NC NC

F18 9.9 12.3
F19 17.9 20.0
F28 35.5 35.0
G 28.7 41.3
H 60 60

The land uses as proposed in the revised master plan have been checked against the land uses
assumed when each of the above facilities was designed. Changes in basin area and/or
1604 South 21* Street, Colerado Springs, Celorade 80804
Ph: {718] 830-7342 Fax: (719) 630-0408 www.kiowaengineering.com



imperviousness were input to UD-Detention and the performance of the outlet structure{s) with
respect the release times for the water quality capture volume {(WQCV), and excess urban runoff
volume (EURV), verified. Calculations that support the findings have been included within Appendix
A. A discussion of the results for each of the FSD’s follows.

Detention Basin A4: This FSD was designed and constructed in 2008 following the approved Wolf
Ranch master plan. The land use assumptions made at the time of the design were recalculated using
the land uses proposed in the updated Wolf Ranch master plan. It was found that the imperviousness
of the watershed tributary to A4 would be unchanged by the land uses as proposed in the revised
Wolf Ranch master plan. Therefore, no modifications to the outlet works or storage pool will be
required.

Detention Basin F18: This FSD was designed and constructed in 2017-2018 following the approved
Wolf Ranch master plan. The land use assumptions made at the time of the design is lower than what
was found when the revised master plan is assumed. It was found that the increase in
imperviousness effected the release times of the WQCV and EURV. The perforated plate as built will
need to be modified or replaced to achieve the desired release rates. A revised perforated plate
layout has been presented in Appendix A. An amendment to the design report and construction
drawings for Detention Basin F18/F19 will need to be submitted to the City for review and approval
prior to commencing with the replacement of the plate.

Detention Basin F19: This FSD was designed and constructed in 2017-2018 following the approved
Wolf Ranch master plan. The land use assumptions made at the time of the design is lower than what
is found when the revised master plan is assumed. It was found that the increase in imperviousness
affected the release times of the WQCV and EURV however none of the release rates exceeded the
minimums for all frequencies, included the 5-year and 100-year recurrence intervals. No
modifications will be required for the plate at detention basin F19.

Detention Basin F28: This FSD was designed and constructed in 2015-2016 following the approved
Wolf Ranch master plan. The land use assumptions made at the time of the design match the land
uses proposed in the revised master plan. It was found that the imperviousness of the watershed
using the land uses shown in the revised master plan is slightly reduced for the F28 watershed.
However, the reduction does not change the function of the facility and therefore no modifications to
the outlet works or storage pool will be required

Detention Basin G: This FSD was designed and constructed in 2017-2018 following the approved
Wolf Ranch master plan. The land use assumptions made at the time of the design is lower than what
was found when the revised master plan is assumed. It was also found that the watershed area had
been reduced from what was assumed in the design (160 acres versus 185 acres). The reduction in
area was accounted for in the watershed area used in the design of Detention Basin H. It was found
that the increase in imperviousness combined with the decrease in the watershed area affected the
release times of the WQCV and EURV however none of the release rates exceeded the minimums for
all frequencies, included the 5-year and 100-year recurrence intervals. No modifications will be
required for the plate at detention basin G.

Detention Basin H: This FSD was designed in 2018 and is presently under construction following
the revised Wolf Ranch master plan. The land use assumptions made at the time of the design
matches the land uses as obtained using the revised master plan. No modification of the outlet works
or storage pool will be required.

Based upon the review of the revised Wolf Ranch master plan and the calculations enclosed,
modification of the perforated plates for detention basins F18, F19 and G is warranted. However, the



hydrologic evaluation and associated findings summarized in the current approved MDDP (June
2018), would not be altered or changed in any measurable way regarding the design of the major
drainageways and outfall storm sewers. The flood detention capabilities of each of the detention
basins will not be affected by the changes in the land uses as proposed in the revised Wolf Ranch
master plan. Accordingly, it would be Kiowa's opinion that there is no need to update the Wolf Ranch
MDDP at this time.

If you have any questions, please do not hesitate to contact me.

Sincerely,
KIOWA ENGINEERING CORPORATION

ichard N. Wray, P.
Principal

17049mddp update



Signature Page
Wolf Ranch

Engineer's Statement
This report and plan for the drainage design of the Wolf Ranch was prepared by me (or under my
direct supervision) and is correct to the best of my knowledge and belief.  Said report and plan
has been prepared in accordance with the City of Colorado Springs Drainage Criteria Manual and
is in conformity with the master plan of the drainage basin. | understand that the City of Colorado
Springs does not and will not assume liability for drainage facilities. deSiQHEd by others. |accept
respon5|b|lily for any liability caused by any negltgent'épt" f 6 »Omissions on my part in

Developer's Statement Sooq ;;ﬁ o
Nor'Wood Development hereby certifies that the drarnage \fa
constructed according to the design presented in this report. [ understand that the City of Colorado
Springs does not and will not assume liability for the drainage facilities designed and/or certified
by my engineer and that are submitted to the City of Colorado Springs pursuant to section 7.7.906
of the City Code; and cannot, on behalf of Nor'Wood Development guarantee that final design
review will absolve Nor'Wood Development andfor their successors and/or assigns of future
liability for improper design. | further understand that approval of the final plat does not imply
approval of my engineer’s drainage design.

Nor'Wood Development /
7 17 /s

% e 7///6% 7
Authorized)%g Atyre ’ Daté

Bty L 7/2/’(/@/%

Printed Name

Viee - %%»_fg//ﬁﬁ\//

/] up) e &, G 277 A90?

Address:

Title

City of Colorado Springs Statement:
Filed in accordance with Section 7.7.906 of the Code of the City of Colorado Springs, 2001, as

amended.

Ui Borgmark 08/29/2019

For City Engineer Date

Conditions:



Appendix A

Design Calculations
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Chapter 6 Hydrology

Table 6-10. (continued)

drotogi
Dther Agricultural Lands® Treatment | YArOloBIC | o\ | usea | e | Hsse | msaD
Condition
----- Poor — 68 79 86 &g
Pasture, grassiand, or range—continuous forage forgrazing® | Fair — 49 69 7 84
Good e 39 61 74 80
v ——
eadow--continuous grass, protected from grazing and generally |~ | . 0 8 7 78
mowed for hay
- Poor --- 48 &7 Kz 83
Brush--brush-weed-grass mixture with brush the major element® | - Fair = 35 56 70 7
e Good e 30 48 &5 73
----- Poor e EY) 73 82 35
Woods—grass combination {orchard or tree farm)® emn Fair e 43 &5 76 82
----- Good -— 32 58 72 79
P Foar --~ 45 66 77 B3
woed?’ T Fair 36 60 73 75
amnm Good —- n 55 70 77
Farmsteads—bulldings, {anes, driveways, and sierrounding lots e e -em 59 74 82 86
Hydrologic
Atid and Semi-arid Rangelands® Treatment | 0o ool oy | HSGA | HSGB | HSGC | H5G D
Condition
R Y R 3
Herbaceous—mixture of grass, weeds, and low-growing brush, ’::O?r ;12 g; zg
with brush the mi ! nt — ar i -
' norefeme Good | o | e 62 7| &
- — . p?
Oak-aspen—mountaln brush mixture of oak brush, aspen, F::o;r i: 5; z
; — a - .
mauntain mahogany, bitter brush, maple, and other brush
Bant, UsT, mapie, Good - | 3 41 48
e Poor - e 75 85 89
Pinyon-juniper—pinyon, juniper, or both; grass understory ™ | ces Fair L Bl 58 73 BD
e Good il B 41 61 71
----- Poor — e a7 80 85
Sagebrush with grass understory J— Falr - ——- 51 63 70
e Good s rean 35 47 55
Desert shrub—major plants Indude saltbush, greasewood, | eeeee Paor e 63 77 a5 a3
creosotebush, blackbrush, bursage, pato verde, mesquite,and = | e Fair mnn 55 72 31 86
e T T Good - 49 68 79 34
a=018§
* Eop residue cover applies onlyif residue is on at least 5% of the surface throughaut the year,
*Hydraulic condition Is based on combination factors thataffect | nfiltration and runaff, including {a) densityand canopy of vegetative areas, {b} 1 ofyear-

round eover, {c} amount of grass or close-seeded legumes, (d) percent of residue cover on the fand sotface {good 2 20%), and (e} degree of surface roughness. Fear:
Factors impalrinfittration and tend to Increase runoff, Good: Factoss encourage average and better than average Infiltration and tend to decrease runoff.

* poor: <503} ground cover or heavity grazed with ao mulch, Fair: 50 to 75% ground cover and not heavily grazed. Good: > 75% ground cover and llghtly or onlyoccasional
*pror: <50% ground eover, Fale: 50 to 75% ground cover. Good: >75% ground cover. .
& eN's shown were campuied for areas with 50% wands and 50% grass (pasture) cover, Other combinations of conditions may be computed fram the CN's forwoads

™ Poor: Fprest litter, small trees, and brush are destrayed by heawy grazing or regutar bumlng. Falr: Wonds are grazed but not burned, and some farest litter covsrs
the sail. Good: Woads are protected from grazing, and Hiter and brush adequately caver the soil,

poor; <30% ground cover {litter, grass, and brush overstory). Fabr 30 1o 70% ground cover, Good: > 70% ground cover.

4.6  Lag Time

While the NRCS curve numbers are used to calculate the volume of runoff and magnitude of losses, to
transform the volume of runoff into a hydrograph using the NRCS dimensionless unit hydrograph, the lag
time must be specified. The lag time is defined as the time from the centroid of the rainfall distribution of
a storm to the peak discharge produced by the watershed. For this Manual, the lag time is defined asa
fraction of the time of concentration (t,} as shown in Equation 6-13,

liog = 0.6 £, (Eq. 6-13)

May 2014 City of Colorado Springs 6-29
Drainage Criteria Manual, Volume 1



Hydrology Chapter 6

Table 6-10. NRCS Curve Numbers for Frontal Storms & Thunderstorms for
Developed Conditions (ARCII)

Pre-Development CN
Fully Developed Urban Areas {vegetation established)® Treatment Hydrologic %1
. Condition HSGA | HSGB | HSGC | HSGD
Gpen space (fawns, parks, golf courses, cemeteries, ate.):
Poor condition {grass cover < 508) e -— 68 79 86 83
Fatr condition {presscovar80%te7s%) e ~-= 45 3] 79 84
Good condition {grass cover > 75%} —--m ———nm e EL] 61 74 20
Impenvious areas:
Paved parking lots, roofs, driveways, etc. (excluding right-of-way] wewan P - ag 98 98 93
Streets and roads:
Paved; curbs and storm sewers [excliuding right-of-way) —mmee - e 98 9B S8 23
Paved; open ditches (Including right-of-way} e e -—= 83 89 82 1]
Grave] {inciuding right-of-way) e wanes - 76 as B9 81
Dirt [including right-of-way) —emn emonn - 72 82 &7 89
Western desert urban areas:
Natural dasert fandscaping [pervious areas only) e - o 63 77 85 83
Artlficial desert {andscaping {impesvious weed barrier, desert o — . % a5 a8 %
shrub with 1- to 2inch sand or grave! mulch and basin borders)
Urban districts:
Commercdial and business e e a5 g9 92 94 95
fndustedd b v 72 81 35 a1 23
Residentlal districts by average lot size:
1/8acreorless{townhousesy [ . e 65 77 85 Lt 92
1/4 acre v m—— 38 61 75 - 83 87
13 acre mome —mmm 30 57 2 81 85
Y2age FE Y 70 80 8
1 acre - e 20 51 68 79 2
2acres o e 12 48 65 7 a
. : 5 | Hydrologle
Developing Urhan Areas Treatment 5] % HSG A HSG B HSG HSGD
Condition
Newly graded areas {pervious areas only, no vegetation) e e 77 a6 91 94
Cultivated Agricuftural kands® Treatment "c‘;i':l';f: %1 | HSGA | HSGB | HSGC | HSGD
Bare soil ——m - 77 - 91 %
Faliow Crop residue Poor —- 76 85 S0 BH
cover {CR} Good - 74 43 88 9
Straight row Poor o 72 81 88 13
(SR} Good 67 78 25 8
Poor e 71 80 B 50
SR+CR Good | — | & 75 8z 8
Poor s 70 73 B84 83
Row crops Cantoured (€} Good e 65 75 82 86
c4+CR Poor - &9 78 33 87
Good —eu 64 74 Bl -5
Contoured & Poor - 65 74 BD 822
terraced (CBT} Good - - 52 71 78 81
Poor e &5 73 78 81
CETCR Good ] - | 61 7 77 %
s Poor wun &85 75 B4 88
Good - &3 75 83 87
Poor wem 64 75 83 86
SRYCR Good | - | 60 72 80 5
¢ Poor -~ 53 74 22 8
Smatl grain Goad - 61 3 81 i)
€+ CRPoor Poar e 62 3 81 8
Good s &0 72 80 83
Poor --- 61 72 78 a2
e Goad o L] 70 78 81
Poor -~ 60 71 78 81
CAT+CR Good | - | 58 & 77 80
6-28 City of Colorado Springs May 2014

Drainage Criteria Manual, Volume 1
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DETENTION BASIN STAGE-STORAGE TABLE BUILDER

UD-Detention, Version 3.07 (February 2017)

Project: Wolf Ranch DweluEmenr
Basin ID: Detention Basin F18 as di built

Depth Increment = 13
Optional Optional
o] Example Zone Configuration (Retention Pand) Stage - Storage Stage Qverride Length Width Area Override Area Volume Velume
Description ny | stage ) () in) (w2) | Aeain'2) | (acre) (R*3) (ac-ft)
Volume C fon Top of Micropool - 0.00 - - - 250 0.006
Selected BMP Type = EDB - 1.30 - - - 765 0018 653 0015
Walershed Area = 51072  |acres - 230 = - - 6.208 0.143 4147 0.095
Watershed Length = 6.150 L - 330 - - - 30.385 0.698 22.444 0.515
Watershed Slope = 0.029 Uit - 430 - - - 75,257 1.728 75,265 1.728
Watershed Imperviousness = 9.86% percent - $5.30 - - - 140,214 3.219 183,000 4,201
Percentage Hydrologic Soil Group A=/ 0.0% percent - 6.30 - - - 172,835 3988 339524 7.794
Percentage Hydrologic Soil Graup B = 100.0% |percent - 7.30 - - - 182,651 4193 517.272 11.875
Percentage Hydrologic Soil Groups C/D = 0.0% percent - 8.30 - - - 191.876 4.405 704.541 16.174
Desired WQCV Drain Time = 40.0 hours. - 9.30 - - - 309,808 7.112 §55,383 21933
Location for 1-hr Rainfall Depths = Denver - Capitol Building - 10.30 - - - 327.554 7.520 1.274,064 29.248
Water Quality Capture Volume (WQCV) = 2818 acre-feet Optional User Override - 11.30 - - - 341,309 7835 1,608,495 36.928
Excess Urban Runoff Volume (EURV) =| 4728 [acrefeet  !-Nr Precipitation - 1230 - - - 352435 | 8091 |1955367 | 44889
2-yr Runoff Volume (P1=1.19in) = 3246 acre-feet 118 inches - - = -
S-yr Runoff Volume (P1=15in)= 5.056 acre-feat 1.50 inches - = - -
10-yr Runoff Volume (P1=1.75in.) = 11.607 acre-feet 175 inches - - - -
25-yr Runoff Volume (P1=2in) = 30.860 acre-feet 200 inches - a = -
50-yr Runaff Volume (P1=225in) = 42.8%0 acre-feet 225 inches = - 5 -
100-yr Runoff Volume (P1=252in) = 58 805 acre-feet 252 inches - s - -
500-yr Runoff Volume (P1=32in)= 90.785 acre-feat 320 inches - - = -
Approximate 2-yr Detention Volume = 3013 acre-feet - - - -
Approximate 5-yr Detention Volume = 4733 acre-feet - - - -
Approximate 10-yr Detention Volume = 9.885 acre-feet - - - -
Approximate 25-yr Detention Volume =| 13837 |acre-feet - - = -
Approximate 50-yr Detention Velume = 14459  |acre-leet - = = =
Approximate 100-yr Detention Volume =|  18.718 acre-feet - - - o=

UD-Detention_v3.07 - 2 1 { 18 as designed, Basin 73/2019, 12.03 PM
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Detention Basin Outlet Structure Design
UD-Detention, Version 3.07 (February 2017)
Project: Wolf Ranch Develppment
Basin ID: Detention Basin Fp#*As designed-as-built
Stage (ft) Zone Volume (ac-ft) Outlet Type
Zone 1 {WQCV) 4.82 2,818 Orifice Plate
o Zone 2 (EURV) 5.47 1.910 Orifice Plate
bong ‘one 3 (100-year) 8.81 13.991 Weir&Pipe (Restrict)
Example Zone Configuration (Retention Pond) 18.718 Total
User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP) Calculated P s for drain
Underdrain Orifice Invert Depth = ft (distance below the filtration media surface) Underdrain Orifice Area = N/A ft*
Underdrain Orifice Diameter = inches Underdrain Orifice Centroid = N/A feet
User Input: Orifice Plate with one or more orifices or Elliptical Slot Weir (typically used to drain WQCV and/for EURV in a sedimentation BMP) Calculated Parameters for Plate
Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = N/A ft?
Depth at top of Zone using Orifice Plate = 6.00 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet
Crifice Plate: Orifice Vertical Spacing = N/A inches Elliptical Slot Centroid = N/A feet
QOrifice Plate: Orifice Area per Row = N/A inches Elliptical Slot Area = N/A it
User Input: Stage and Total Area of Each Orifice Row (numbered from lowest to highest]
Row 1 {req Row 2 (optional) | Row3 (optional) | Row4 (optional) | Row5 (optional) | Row 6 (optional Row 7 (optional) | RowS8 (optional)
Stage of Orifice Centroid {ft) 0.00 2.00 4.00
Orifice Area (sq. inches) 6.00 6.00 7.50
Row 9 (optional) | Row 10 (optional) | Row 11 (optional) | Row 12 (optional) | Row 13 {optional) | Row 14 (optional) | Row 15 (optional} | Row 16 {optional)
Stage of Orifice Centroid (f1)
Orifice Area (sq. inches)
User Input: Vertical Orifice {Circular or Rectangular) Calculated Parameters for Vertical Orifice
Not Selected Not Selected Not Selected Not Selected
Invert of Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Qrifice Area = N/A NfA ft?
Depth at top of Zone using Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = N/A N/A feet
Vertical Orifice Diameter = N/A N/A inches
User Input: Overflow Weir (Dropbox) and Grate (Flat or Sloped) Calculated Parameters for Overflow Weir
Zone 3 Weir Not Selected Zone 3 Weir Not Selected
QOverflow Weir Front Edge Height, Ho = 6.30 N/A ft {relative to basin bottom at Stage = 0 f1) Height of Grate Upper Edge, H, = 6.30 N/A feet
Overflow Weir Front Edge Length = 15.00 N/A feet Over Flow Weir Slope Length = 8.00 N/A feet
Overflow Weir Slope = 0.00 N/A H:V [enter zero for flat grate) Grate Open Area / 100-yr Orifice Area = 5.28 N/A should be > 4
Horiz. Length of Weir Sides = 8.00 N/A feet Overflow Grate Open Area w/o Debris = 84.00 N/A 2
Overflow Grate Open Area % = 70% NfA %, grate open areaftotal area Overflow Grate Open Area w/ Debris = 42.00 N/A ft?
Debris Clogging % = 50% N/A %
User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate
Zone 3 Restrictor Not Selected Zone 3 Restrictor Not Selected
Depth to Invert of Qutlet Pipe = 0.50 N/A ft [distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 15.90 N/A it
Qutlet Pipe Diameter = 54.00 N/A inches Qutlet Crifice Centroid = 2.25 N/A feet
Restrictor Plate Height Above Pipe Invert = 54.00 inches Half-Central Angle of Restrictor Plate on Pipe = 3.14 N/A radians
User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway
Spillway Invert Stage= 10.80 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.00 feet
Spillway Crest Length = 15.00 feet Stage at Top of Freeboard = 11.30 feet
Spillway End Slopes = 0.00 H:v Basin Area at Top of Freeboard = 7.84 acres
Freeboard above Max Water Surface = 0.50 feat
Routed Hydrograph Results
Design Storm Return Period = wacv EURV 2 Year S Year 10 Year 25 Year 50 Year 100 Year 500 Year
One-Hour Rainfall Depth (in) = 0.53 1.07 L19 1.50 1.75 2.00 2.25 2.52 3.20
Calculated Runoff Velume (acre-t) = 2.818 4.728 3.246 5.056 11.607 30.860 42.890 58.605 90,785
OPTIONAL Override Runoff Volume (acre-fi) =|
Inflow Hydrograph Volume (acre-fl) = 2.818 4.728 3.246 5.051 11.599 30.860 42.892 58.602 90.765
Predevelopment Unit Peak Flow, q (cfs/acre) = 0.00 0.00 0.01 0.02 0.23 0.75 104 1.39 2.09
Predevelopment Peak Q (cfs) = 0.0 0.0 7.1 12.1 119.1 384.8 5318 7119 1069.6
Peak Inflow Q (cfs) =| 51.0 84.9 58.7 90.6 203.2 516.0 690.9 908.7 1360.5
Peak Outflow Q {cfs) = 1.0 11 1.0 1.2 349 199.9 216.5 2483 426.1
Ratio Peak Oulflow to Pred: Q= N/A N/A N/A 0.1 03 0.5 0.4 03 0.4
Structure Controlling Flow = Plate Plate Plate Plate Overflow Grate 1 Outlet Plate 1 Outlet Plate 1 Spillway N/A
Max Veelocity through Grate 1 (fps) = N/A N/A N/A N/A 0.4 24 2.6 28 29
Max Velocity through Grate 2 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A N/A
Time 1o Drain 97% of Inflow Volume (hours) =| 46 66 50 69 96 85 79 73 61
Time 1o Drain 99% of Inflow Volume (hours) = 48 68 53 72 101 97 95 93 87
Maximum Ponding Depth (ft) = 4.76 5.41 4.92 5.50 6.79 8.56 9.74 1123 13.61
Area at Maximum Ponding Depth (acres) =, 2.40 3.29 2.65 3.37 4.08 5.11 7.29 7.81 8.09
Maximum Volume Stored (acre-ft) = 2.656 4,527 3.086 4.860 9.725 17.411 25.101 36.300 44.889




Detention Basin Outlet Structure Design

UD-Detention, Version 3.07 (February 2017)

FLOW [cfs]

1600 p—
1400 — B
- //\\
800 S
EURV I }\\

600 | . . curvour | -

— WALV N

seesss WQCVOUT |
00
200

TIME [hr]

16
|| e s00vR
J —100YR
14 ‘—m — —_ —
|| — SR
| — /\
12 H=——5R [— = et
|| =28
===EURV /_\
10 v

PONDING DEPTH [#t]
o

AREA [fth2], VOLUME [ftr3]

0
DRAIN TIME [fr]
2,500,000 - _ = = 350.00
User Area [it"2)
Interpolated Area [ft?2]
@ summary Area [fiA2) - 30000

2,000,000 + Volume [ft~3] 1

| |

|| **+® =+ summary Volume [ft"3] |

250

|| = Outflow [cfs] ! 250,00

| =+=@ ++ Summary Outflow [cfs]
1,500,000 -

1 T ZIJD.WE

! g

| |

| - 150,00
1,000,000 - = ! 5

|

| 100.00

500,000

| - 5000

' |

| i |

0= = = - 0.00
0.00 2.00 14.00

S-A-V-D Chart Axis Override X-axis

Left Y-Axis __ Right Y-Axis

bound[

bound|

| I |
[ I ]




58,

DETENTION BASIN STAGE-STORAGE TABLE BUILDER

UD-Detention, Version 3.07 (February 2017)
Project: Wolf Ranch D

Basin ID: D ion Basin F18 as designed/as-built with updated % imp from ODP

Optional Optional
oo Example Zone C { Pond) Stage - Storage Stage Override Length Width Area Cverride Area Volume Volume
Description () Stage() | (R) [1.3] (f"2) Area (°2) acre) {3y ac-ft
Required Volume C: Top of Micropool - 0.00 - - - 250 0.005
Selected BMP Type = EDB - 130 == - - 788 0018 653 0.015
Watershed Area=|  510.72  |acres - 230 - - - 6,208 0.143 4147 0.095
Watershed Length = 6,150 ft - 3.30 - - - 30,385 0.698 22444 0.515
Watershed Slope = 0.029 R - 430 - - - 75,257 1.728 75,265 1.728
Watershed Imperviousness =|  12.30%  |percent - 5.30 - - - 140,214 3219 183,000 4.201
Percentage Hydralogic Soil Group A= 0.0% percent - 630 - - - 172,835 3.968 339,524 7.794
Percentage Hydrologic Soil Group B = 100.0% |percent - 730 - - - 182,661 4193 517,272 11.875
Percentage Hydrologic Sail Groups C/D =| 0.0% percent - 8.30 - - - 191.876 4.405 704,541 16.174
Desired WQCV Drain Time =| 40.0 hours - 9.30 - - - 309,808 7112 955,383 21933
Location for 1-hr Rainfall Depths = Denver - Capitol Building - 10.30 - - - 327.554 7.520 1,274,064 29.248
‘Water Quality Capture Volume (WQCV) = 3389 acre-feel Optional User Qverride - 11.30 - - - 341,309 7.835 1,608,495 36.926
Excess Urban Runoff Volume (EURV) = 6.003 acre-feet 1-hr Precipitation = 12.30 - - - 352,435 8.091 1,855,367 44 889
2-yr Runoff Volume (P1=1.18in) = 4213 acre-feet 1.19 inches - - - -
5-yr Runoff Volume (P1=1.5in.} = 6.446 acre-fest 1.50 inches - - - -
10-yr Runoff Volume (P1=1.75in,) = 13.373 acre-feet 175 inches - - - -
25-yr Runoff Volume (P1=2in}=| 32430 acre-feat 2.00 inches - - - -
50-yr Runoff Volume (P1=225in.) = 44,404 acre-feet 225 inches - - = -
100-yr Runoff Volume (P1=2.52in.) = 60.050 acre-feet 252 inches - - - -
500-yr Runoff Volume (P1=32in.) = 92221 acre-feet 320 inches - - - -
Approximate 2-yr Detention Volume =| 3914 acre-feet - - - -
Approximate S-yr Detention Volume = 6.037  |acre-feet - - - -
Approximate 10-yr Detention Volume =| 11501  |acre-feet - - - -
Approximate 25-yr Detention Volume = 15:513 acre-feet - - - -
Approximate 50-yr Detention Vaolume =/ 16.308 acre-feet - - - -
Approximate 100-yr Detention Volume =| 20,809  |acre-feet - = - -

UD-Detention_v3.07 - 2.11 18 as designed with updated % imp per ODP, Basin 712412019, 5:35 PM



Detention Basin Outlet Structure Design

UD-Detention, Version 3.07 (February 2017)
Project: Woll Ranch Development Research Parkway Filing No. 5

Basin ID: Detention Basin F18 As designed-as-built with updated % imp per ODP

zoME 3
( ZONE 2
oy : " Stage (ft) Zone Volume (ac-ft) QOutlet Type
vount) evar | wacy E Zone 1 (WQCV) 5.04 3.389 Orifice Plate
Zone 2 (EURV) 5.83 2614 Orifice Plate
PERMAMENT ‘one 3 (100-year) 9.14 14.806 Weir&Pipe (Restrict)
Example Zone Configuration (Retention Pond) 50.809 Total

User Input: Orifice at Underdrain Outlet (typically used to drain WQCV In a Filtration BMP) Calculated Parameters for Underdrain

Underdrain Orifice Invert Depth N/A ft (distance below the filtration media surface) Underdrain Orifice Area ft*
Underdrain Orifice Diameter = N/A inches Underdrain Orifice Centroid = feet

User Input: Orifice Plate with one or more crifices or Elliptical Slot Weir (typically used to drain WQCV and/or EURV in a sedimentation BMP) Calculated Parameters for Plate

Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = N/A ft?
Depth at top of Zone using Orifice Plate = 6.00 ft relative to basin bottom at Stage =0 ft) Elliptical Half-Width = N/A feet
Orifice Plate: Orifice Vertical Spacing = N/A inches Elliptical Slot Centroid = N/A feet
Orifice Plate: Orifice Area per Row = N/A inches Elliptical Slot Area = N/A ft!
User Input: Stage and Total Area of Each Orifice Row (numbered from lowest to highest|
Row 1 (required) | Row2 (optional) | Row3 (optional) | Row4 (optional) | RowS5 (oplional) | Rows (optional) | Row 7 (optional) | Row8 (opticnal)
‘Stage of Orifice Centroid (f{) 0.00 2.00 4.00
Orifice Area (sq. inches) 6.00 6.00 7.50
Row 9 (optional) | Row 10 (opti Row 11 (aptional) | Row 12 (optional) | Row 13 (optional) | Row 14 ) | Row 15 (optional) | Row 16 (opticnal)
Stage of Orifice Centroid (ft)
Orifice Area (sq. inches)
User Input: Vertical Orifice (Circular or Rec lar) Calculated Parameters for Vertical Orifice
Not Selected Not Selected Not Selected Not Selected
Invert of Vertical Orifice = N/A N/A ft [relative to basin bottom at Stage =0 ft) Vertical Orifice Area = N/A N/A e
Depth at top of Zone using Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centraid = NfA N/A feet
Vertical Orifice Diameter = N/A N/A inches
User Input: Overflow Weir (Dropbox) and Grate (Flat or Sloped) Calculated Parameters for Overflow Weir
Zone 3 Weir Not Selected Zone 3 Weir Not Selected
Overflow Weir Front Edge Height, Ho = 6.30 N/A ft {relative to basin bottom at Stage =0 ft) Height of Grate Upper Edge, H, = 6.30 N/A feet
Overflow Weir Front Edge Length = 15.00 N/A feet Over Flow Weir Slope Length = 8.00 N/A feet
Overflow Weir Slope = 0.00 N/A H:V (enter zero for flat grate) Grate Open Area / 100-yr Orifice Area = 5.28 N/A should be >4
Horiz. Length of Weir Sides = 8.00 N/A feet Overflow Grate Open Area w/o Debris =| 84.00 N/A it
Overflow Grate Open Area % = 70% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris = 42.00 N/A fi?
Debris Clogging % = 50% N/A %
User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or lar Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate
Zane 3 Restrictor Not Selected Zone 3 Restrictor Not Selected ]
Depth to Invert of Outlet Pipe = 0.50 N/A ft (distance below basin bottom at Stage =0 ft) Qutlet Orifice Area = 15.90 N/A ft?
Outlet Pipe Diameter = 54.00 N/A inches QOutlet Orifice Centroid = 2.25 NfA feet
Restrictor Plate Height Above Pipe Invert = 54.00 inches Half-Central Angle of Restrictor Plate on Pipe = 3.14 N/A radians

User Input: Emergency Spillway (Rectangular or Trapezoidal)

Calculated Parameters for Spillway

Spillway Invert Stage= 10.80 ft {relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.00 feet
Spillway Crest Length = 15.00 feet Stage at Top of Freeboard = 11.30 feet
Spillway End Slopes = 0.00 H:V Basin Area at Top of Freeboard = 7.84 acres
Freeboard above Max Water Surface = 0.50 feet
Routed Hydrograph Results
Design Storm Return Period =| wacv EURV 2 Year S Year 10 Year 25 Year 50 Year 100 Year 500 Year
One-Hour Rainfall Depth (in) = 0.53 1.07 1.19 1.50 175 2.00 2.25 2.52 3.20
Calculated Runoff Volume (acre-ft) = 3.389 6.003 4.213 6.446 13.373 32430 44.404 60.050 92.221
OPTIONAL Override Runoff Volume (acre-ft) =|
Inflow Hydrograph Volume (acre-ft) = 3.389 6.003 4.213 6.443 13.367 32.432 44.403 60.053 92.160
Predevelopment Unit Peak Flow, q (cfs/acre) = 0.00 0.00 0.01 0.02 0.23 0.75 1.04 139 2.09
Predevelopment Peak Q (cfs) = 0.0 0.0 7.1 12.1 119.1 384.8 531.8 7119 1069.6
Peak Inflow Q (cfs) =| 61.2 107.2 75.8 114.8 232.9 540.3 712.7 927.9 1379.6
Peak Qutflow Q (cfs) = 1.0 1.2 11 12 56.3 2024 218.4 255.7 433.6
Ratic Peak Outflow to Pred p Q= N/A N/A NfA 0.1 0.5 0.5 0.4 0.4 0.4
Structure Contralling Flow = Plate Plate Plate Plate Overflow Grate 1 Qutlet Plate 1 Outlet Plate 1 Spillway N/A
Max Velocity through Grate 1 (fps) =, N/A N/A N/A N/A 0.6 24 26 2.8 29
Max Velocity through Grate 2 (fps) =, N/A N/A N/A N/A N/A N/A NfA N/A N/A
Time to Drain 97% of Inflow Volume (hours) = 52 78 60 82 95 B84 78 72 60
Time to Drain 99% of Inflow Volume (hours) = 54 81 63 85 * 101 97 95 92 87
Maximum Ponding Depth (fi) = 4.98 5.77 5.25 5.89 6.97 8.74 9.89 11.35 13.71
Area al Maximum Ponding Depth (acres) = 2.73 3.57 3.14 3.66 4.12 5.57 7.35 7.85 8.09
Maximum Volume Stored (acre-fl) = 3.220 5.797 4.042 6.231 10.503 18.318 26.126 37318 44.889
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Detention Basin Outlet Structure Design

UD-Detention, Version 3.07 (February 2017)
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DETENTION BASIN STAGE-STORAGE TABLE BUILDER

UD-Detention, Version 3.07 (February 2017)

Project: Wolf Ranch Development
Basin ID: Detention Basin F18 per revised ODP

Ny
Depth Increment = ft
Cpuional Optional
Stage - Storage Stage Qvernde Length Width Area Override Area Volume Volume
Description (ft}) Stage (R} () {f) (*2) Avea (2) facre) (*3) (acft)
Required Volume Calculation Top of Micropool = 0.00 - = = 250 0.006
Selected BMP Type = EDB - 1.30 = - - 766 0018 653 0.015
Watershed Area = 51072 |acres - 2.30 - - - 6.208 0.143 4147 0.035
Watershed Length = 6,150 it - 3.30 - - - 30.385 0698 22444 0.515
Watershed Slope = 0.029 i - 4.30 - - - 75.257 1.728 75,265 1728
Watershed Imperviousness =|  12.30%  |percent - 530 - - - 140,214 3213 183,000 4201
Percentage Hydrologic Soil Group A= 0.0% percent - 630 - - - 172,835 3968 339,524 7794
Percentage Hydrologic Soil Group B = 100.0% |percent - 7.30 - - - 182,661 4193 517,272 11.875
Percentage Hydrologic Soil Groups C/D = 0.0% percent - 830 - - - 191.876 4.405 704.541 16.174
Desired WQCV Drain Time = 400 hours - 9.30 - - - 309.808 7.112 555,383 21.933
Lacation for 1-hr Rainfall Depths = Denver - Capitol Building - 10.30 - - - 327,554 7.520 1.274,064 29248
Water Qualtty Capture Volume (WQCV)=| 3389 |acrefeet  Optional User Overnde - 11.30 - - = 341,309 7835 |[1608495 [ 35926
Excess Urban Runoff Volume (EURV) = 6.003 acre-feet 1-hr Precipdation - 12.30 - = - 352,435 a.091 1,955,367 44.889
2-yr Runoff Volume (P1=1.19in ) = 4213 acre-feet 1.19 inches - - - -
S5-yr Runoff Volume (P1 = 1.5in.) = 6.445 acre-feet 1.50 inches - - - -
10-yr Runoff Velume (P1=175in)= 13.373 acre-feet 175 inches - - - -
25.yr Runoff Volume (P1=2in)=| 32430 |acre-leet 200 inches - - - -
50-yr Runoff Volume (P1=2.25in)= 44 404 acre-lest 225 inches - - - -
100-yr Runoff Volume (P1=252in)=| 60050 acre-fest 252 inches - - - [
500-yr Runatf Volume (P1=32in)= 92221 acre-fest 320 inches - - - -
Approximate 2-yr Detention Volume = 3914 acre-feet - - - -
Approximate 5-yr Detention Volume=|  6.037 acre-feet - - - -
Appraximate 10-yr Detention Volume = 11.501 acre-feet - = - &
Approximate 25-yr Detention Volume = 15.513 acre-feet - - - -
Approximate 50-yr Detention Volume = 16.308 acre-feet - = a =
Approximate 100-yr Detention Volume = 20.809 acre-feat - - - -

UD-Detention_v3.07 - 2.1 f 18 revisad per updated ODP, Basin 74312018, 1253 PM
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Detention Basin Outlet Structure Design

DOFP

Project: Wolf Ranch Development

UD-Detention, Version 3.07 (February 2017)

Basin ID:

Detention Basin F19 per revised ODP

Example Zene Configuration (Retention Pond)

User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP)
ft (distance below the filtration media surface)

Underdrain Orifice Invert Depth =
Underdrain Orifice Diameter =

N/A
N/A

inches

Stage {ft) Zone Volume (ac-ft) Outlet Type
Zone 1 (WQCV) 5.04 3.389 Orifice Plate
Zone 2 (EURV) 5.83 2.614 Orifice Plate
‘one 3 (100-year) 9.14 14.806 Weir&Pipe (Restrict)
20.809 Total

Calculated Parameters for Underdrain

Underdrain Orifice Area =
Underdrain Qrifice Centroid =

User Input: Orifice Plate with one or more orifices or Elliptical Slot Weir (typically used to drain WQCV and/or EURV in a sedimentation BMP)

Calculated Parameters for Plate

Invert of Lowest Orifice = 0.00 ft {relative to basin bottom at Stage = 0 ft) 'WQ Orifice Area per Row = N/A ft?
Depth at top of Zone using Crifice Plate = 6.00 ft {relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet
Orifice Plate: Orifice Vertical Spacing = N/A inches Elliptical Slot Centroid = N/A feet
Orifice Plate: Orifice Area per Row = N/A inches Elliptical Slot Area = N/A fi?
User Input: Stage and Total Area of Each Orifice Row (numbered from lowest to high|
Row 1 {req ) | Row2 (oplional) | Row3 (optional) | Row4 (optional) | RowS5 (o ) Row 6 (optional) | Row7 (optional) | Row8 (optional)
Slage of Orifice Centroid (ft) 0.00 2.00 4.00
Orifice Area (sq. inches) 7.00 7.50 7.50
Row 9 (optional) | Row 10 (optional) | Row 11 (optional) | Row 12 (optional) | Row 13 (optional) | Row 14 (optional) | Row 15 (optional) | Row 16 (optional)
Stage of Orifice Centroid (fl)
Qrifice Area (sq. inches)
User Input: Vertical Orifice {Circular or Rectangular) Calculated Parameters for Vertical Orifice
Not Selected Not Selected Not Selected Not Selected
Invert of Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage =0 ft) Vertical Orifice Area = N/A N/A #?
Depth at top of Zone using Vertical Orifice = N/A NfA ft [relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = N/A N/A feet
Vertical Orifice Diameter = N/A N/A inches
User Input: Overflow Weir {Dropbox) and Grate (Flat or Sloped) Calculated Parameters for Overflow Weir
Zone 3 Weir Not Selected Zone 3 Weir Not Selected
Overflow Weir Front Edge Height, Ho = 6.30 N/A ft {relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, H, = 6.30 N/A feet
Overflow Weir Front Edge Length = 15.00 N/A feet Over Flow Weir Slope Length = 8.00 N/A feet
Overflow Weir Slope = 0.00 N/A H:V (enter zero for flat grate) Grate Open Area / 100-yr Orifice Area = 5.28 N/A should be >4
Hariz. Length of Weir Sides = 8.00 N/A feet Overflow Grate Open Area w/o Debris = 84.00 NfA ft?
Overflow Grate Open Area % = 70% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris = 42.00 N/A ft!
Debris Clogging % = 50% N/A %
User Input: Outlet Pipe w/ Flow Restriction Plate {Circular Orifice, Restrictor Plate, or R lar Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate
Zone 3 Restrictor Not Selected Zone 3 Restrictor Not Selected
Depth to Invert of Qutlet Pipe = 0.50 N/A ft (distance below basin bottom at Stage = 0 f1) Outlet Orifice Area = 15.90 NfA #?
Outlet Pipe Diameter = 54.00 N/A inches Qutlet Orifice Centroid = 2.25 N/A feet
Restrictor Plate Height Above Pipe Invert = 54.00 inches Half-Central Angle of Restrictor Plate on Pipe = 3.14 NfA radians
User Input: y Spillway (Rec or Tr idal) Calculated Parameters for Spillway
Spillway Invert Stage= 10.80 ft (relative to basin bottom at Stage = 0 ft} Spillway Design Flow Depth= 0.00 feet
Spillway Crest Length =| 15.00 feet Stage at Top of Freeboard = 11.30 feet
Spillway End Slopes = 0.00 H:V Basin Area at Top of Freeboard = 7.84 acres
Freeboard above Max Water Surface = 0.50 feet
Routed Hydrograph Results
Design Storm Return Period = wagcv EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year 500 Year
One-Hour Rainfall Depth (in) = 0.53 1.07 119 1.50 1.75 2.00 2.25 252 3.20
Calculated Runoff Violume (acre-ft) = 3.389 6.003 4.213 6.446 13.373 32.430 44,404 60.050 92.221
OPTIONAL Overide Runoff Volume (acre-ft) =
Inflew Hydrograph Volume (acre-ft) = 3.339 6.003 4.213 6.443 13.367 32432 44.403 60.053 92.160
Predevelopment Unit Peak Fiow, q (cfsfacre) =| 0.00 0.00 0.01 0.02 0.23 0.75 1.04 1.39 2.09
Predevelopment Peak Q (cfs) = 0.0 0.0 7.1 12,1 119.1 384.8 531.8 7119 1069.6
Peak Inflow Q (cfs) = 61.2 107.2 75.8 114.8 232.9 540.3 712.7 927.9 1379.6
Peak Outflow Q (cfs) = 1.2 1.4 13 14 56.3 202.4 2184 255.6 4335
Ratio Peak Qutflow to Predevelopment Q = N/A N/A N/A 0.1 0.5 0.5 0.4 0.4 0.4
Structure Controlling Flow = Plate Plate Plate Plate Overflow Grate 1 Outlet Plate 1 QOutlet Plate 1 Spillway N/A
Max Velocity through Grate 1 (fps) = N/A N/A N/A N/A 0.6 24 26 28 29
Max Velocity through Grate 2 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A N/A
Time to Drain 97% of Inflow Volume (hours) = 44 66 51 70 82 73 69 63 53
Time to Drain 99% of Inflow Volume (hours) = 46 69 54 73 87 84 82 80 76
Maximum Ponding Depth (fi) =| 4.97 5.77 5.24 5.89 6.97 8.74 9.89 11.35 13.71
Area at Maximum Ponding Depth (acres) = 271 3.56 313 3.65 4.12 5.57 7.35 7.85 8.09
Maximum Volume Stored (acre-fl) = 3.193 5.761 4.011 6.194 10.503 18318 26.126 37.318 44.889
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DETENTION BASIN STAGE-STORAGE TABLE BUILDER

UD-Detention, Version 3,07 (February 2017)
Project: Wolf Ranch Development Research Parkway Filing No. 5

Approximate 25-yr Detention Volume =|  9.003 acre-feet =
Approximate 50-yr Detention Volume = 9.507 acre-feet -
Approximate 100-yr Detention Volume = 11.798 acre-feet -

Basin ID: Detention Basin F19 as di built
TONE 3
e [
S T sl
Depth Increment = ft
PERMARENT — OFFCLS Cptional Optional
N Zone Configuration ( Pond) Stage - Storage Stage Override Length Width Area Override Aea Volume Volume
Description () Stage (ft) 1] (fty (rA2) Area (1°2) (acre) (r*3) (ac-ft)
quired Volume C i Top of Micropool o 0.00 = = = 20 0.000
Selected BMP Type = EDB = 0.80 - = = 20 0.000 16 0.000
Watershed Area = 239.30  |acres - 1.80 - - - 2716 0.062 1,357 0.031
Watershed Length = 6,150 it - 280 - - - 14,822 0.340 10.153 0233
Watershed Slope = 0.029 R - 380 - - - 45,231 1.038 40,179 0.922
Watershed Imperviousness = 17.86%  |percent - 4.80 - - - 85,508 1.983 105,548 2423
Percentage Hydrologic Soil Group A= 0.0% percent - 5.80 - - - 100.764 2313 193683 4.561
Percentage Hydrologic Sail GroupB=|  100.0% |percent - 6.80 - - - 107,573 2470 302,851 6953
Percentage Hydrologic Soil Groups C/D = 0.0% percent - 7.30 - - - 111,162 2.552 357,535 B.208
Desired WQCV Drain Time = 40.0 hours - - = e
Location for 1-hr Rainfall Depths = User Input - = o -
Water Quality Capture Volume (WQCV) = 2124 acre-feet Optional User Overnde - - - -
Excess Urban Runoff Valume (EURV) = 4.208 acre-feet 1-h Precipttation - - - -
2-yr Runoff Volume {P1=1.19in )= 3.084 acre-feet 1.19 inches =: - - -
5-yr Runoff Volume (P1 = 1.5in) = 4.549 acre-feet 1.50 inches - - - =
10-yr Runoff Volume (P1=1.75in.) = 8.1582 acre-feet 175 inches - - - -
25-yr Runoff Volume (P1=2in )= 16.872 acre-feet 200 inches - - - -
50-yr Runoff Volume (P1=225in)=| 22422 |acre-feet 225 inches - - - -
100-yr Runoff Volume (P1=2521in) = 29.679 acre-feat 252 inches - - - -
500-yr Runoff Volume (P1=32in)=| 44743 |acre-feet 320 inches - - - -
Approximate 2-yr Detention Volume =] 2.852 acre-feet - - - -
Approximate 5-yr Detention Velume =| 4263 acre-feet - - - -
Approximate 10-yr Detention Volume = 713 acre-fest - = = =

UD-Detention_v3.07 - 2.1 as designed, Basin 7122019, 5:14 PM



Detention Basin Outlet Structure Design

UD-Detention, Version 3.07 (February 2017)
Project: Wolf Ranch Development Research Parkway Filing No. 5

Basin ID: Detention Basin F19 As designed-as-built

s Stage (ft) Zone Volume (ac-ft) Outlet Type
OLNRSL iy ~,  Zone1(wacv) 4.65 2124 Orifice Plate
Zone 2 (EURV) 5.65 2.083 Orifice Plate
‘one 3 (100-year) 7.591 Weir&Pipe (Restrict)
Example Zone Configuration (Retention Pond) 11799 Total
User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP) Calculated Parameters for Underdrain
Underdrain Orifice invert Depth = ft {distance below the filtration media surface) Underdrain Orifice Area =| N/A i
Underdrain Orifice Diameter = N/A inches Underdrain Orifice Centroid =| N/A feet
User Input: Orifice Plate with one or more orifices or Elliptical Slot Weir (typically used to drain WQCV and/or EURV in a sedimentation BMP) Calculated Parameters for Plate
Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage =0 ft) 'WQ Orifice Area per Row =| N/A ft?
Depth at top of Zone using Orifice Plate = 5.65 ft (relative to basin bottom at Stage =0 ft) Elliptical Half-Width = N/A feet
Orifice Plate: Orifice Vertical Spacing = N/A inches Elliptical Slot Centroid =/ N/A feet
Orifice Plate: Orifice Area per Row = N/A inches Elliptical Slet Area = N/A fil
User Input: Stage and Total Area of Each Orifice Row (numbered from lowest to highest)
Row 1 {required) Row 2 {oplional) Row 3 (oplional) Row 4 (oplional) Row 5 (optional) Row 6 (optional) Row 7 (optional, Row 8 (optional)
Stage of Orifice Centroid {ft) 0.00 1.92 3.84
Orifice Area (sq. inches) 5.70 5.70 3.50
Row 9 (cf Row 10 (optional) | Row 11 (oplional) | Row 12 (optional) | Row 13 (optional) | Row 14 (optional) | Row 15 (optional) | Row 16 (optional)
Stage of Orifice Centroid (ft)
Qrifice Area (sq. inches)
User Input: Vertical Orifice (Circular or Rectangular) Calculated Parameters for Vertical Orifice
Not Selected Not Selected Not Selected Not Selected
Invert of Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage =0 ft) Vertical Orifice Area = N/A N/A ft!
Depth at top of Zone using Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage =0 ft) Vertical Orifice Centroid = N/A N/A feet
Vertical Orifice Diameter = N/A N/A inches
User Input: Overflow Weir (Dropbox) and Grate (Flat or Sloped) Calculated Parameters for Overflow Weir
Zone 3 Weir Not Selected Zone 3 Weir Not Selected
Overflow Weir Front Edge Height, Ho = 5.77 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, H, = 5.77 N/A feet
Overflow Weir Front Edge Length = 7.00 N/A feet Over Flow Weir Slope Length = 4.00 N/A feet
Overflow Weir Slope = 0.00 N/A H:V {enter zero for flat grate) Grate Open Area / 100-yr Orifice Area = 11.09 NIA should be >4
Horiz. Length of Weir Sides = 4.00 N/A feet Overflow Grate Open Area w/o Debris = 19.60 N/A it
Overflow Grate Open Area % = 70% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris = 9.80 N/A fit!
Debris Clogging % = 50% N/A %

User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice)

Calculated Parameters for Outlet Pipe w/

Flow Restriction Plate

Zone 3 Restrictor Not Selected Zone 3 Restrictor Not Selected
Depth to Invert of Qutlet Pipe = 0.33 N/A ft {distance below basin bottom at Stage = 0 f1) Qutlet Orifice Area = 177 N/A 7
Outlet Pipe Diameter = 18.00 N/A inches Qutlet Orifice Centroid =| 0.75 N/A feet
Restrictor Plate Height Above Pipe Invert = 18.00 inches Half-Central Angle of Restrictor Plate on Pipe = 3.14 N/A radians
User Input: Spillway (| lar or Trapezoidal) Calculated Parameters for Spillway
Spillway Invert Stage= 5.77 ft (relative to basin bottom at Stage =0 ft) Spillway Design Flow Depth=| 0.69 feet
Spillway Crest Length =/ 60.00 feet Stage at Top of Freeboard =| 6.96 feet
Spillway End Slopes = 4,00 H:V Basin Area at Toj: of Freeboard = 2.50 acres
Freeboard above Max Water Surface =| 0.50 feet
Routed Hydrograph Results *
Design Storm Retum Period = wacv EURV 2 Year S Year 10 Year 25 Year 50 Year 100 Year 500 Year
One-Hour Rainfall Depth (in) = 0.53 1.07 119 1.50 1.75 2.00 2.25 252 3.20
Calculated Runoff Volume (acre-fl) = 2.124 4.208 3.064 4.549 8.152 16.872 22.422 29.679 44.743
OPTIONAL Override Runoff Volume (acre-fl) = 1.560 7.640
Inflow Hydrograph Volume (acre-ft) =| 2.124 4.207 3.064 1.559 8.149 16.868 22417 1.630 44.737
Predevelopment Unit Peak Flow, q (cfs/acre) = 0.00 0.00 0.01 0.02 0.17 0.57 0.79 1.07 1.61
Predevelopment Peak Q (cfs) = 0.0 0.0 2.4 4.2 39.8 135.9 188.3 255.0 385.2
Peak Inflow Q (cfs) = 30.7 60.1 44.0 226 1145 232.1 3034 107.5 569.5
Peak Outflow Q {cfs) = 0.8 1.0 0.9 0.8 53.9 175.4 245.8 45.6 3590.8
Ratio Peak Qutflow to Predevelopment Q = N/A N/A N/A 0.2 14 13 13 0.2 1.0
Structure Controlling Flow = Plate Plate Plate Plate Spillway Spillway Spillway Spillway N/A
Max Velocity through Grale 1 (fps) = N/A N/A N/A N/A 0.5 1.0 1.0 0.5 1.1
Max Velocity through Grale 2 (fps) = N/A N/A NfA N/A N/A NfA N/A N/A N/A
Time to Drain 97% of Inflow Volume (hours) = 39 65 51 31 69 63 60 69 48
Time to Drain 99% of Inflow Volume (hours) = 41 68 54 33 73 71 69 73 65
Maximum Ponding Depth (ft) = 4.56 5.56 5.04 4.21 6.14 6.65 6.88 6.10 7.30
Area at Maximum Ponding Deplh (acres) = 173 223 2.04 142 237 2.44 2.48 236 2.55
Maximum Volume Stared (acre-ft) = 1.961 4.016 2.884 1.426 5.357 6.559 7.151 5.262 8.208
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Detention Basin Outlet Structure Design

UD-Detentlon, Version 3.07 (February 2017) : A
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DETENTION BASIN STAGE-STORAGE TABLE BUILDER

UD-Detention, Version 3.07 (February 2017)
Project: Wolf Ranch pment Parkway Filing No. 5

Basin ID: Detention Basin F18 as designed/as-built with updated % imp from ODP

Depth Increment =
Optional Optional
ot Example Zone Configuration (Retention Pond) Stage - Storage Stage Override Length Width Area Override Area Volume Volume
Description (ft) Stage () (fty i (2) Avea (t*2) (acre} (ft*3) (ac-ft)
quired Volume Ci Top of Micropool - 0.00 - - - 20 0.000

Selected BMP Type = EDB - 0.80 - - - 20 0.000 16 0.000

Watershed Area =|  239.30  |acres - 1.80 = - = 2,716 0082 1,357 0.031

Watershed Length =/ 6.150 f = 2.80 = - - 14,822 0.340 10,153 0.233

Watershed Slope = 0.029 Ut - 380 - ] - 45,231 1.038 40,179 0522

Watershed Imperviousness =|  20.00%  |[percent - 480 - - - 85,506 1.863 105.548 2423

Percentage Hydrologic Soil Group A= 0.0% percent - 5.80 - - - 100,764 2313 138,683 4.561

Percentage Hydrologic Soil Group B = 100.0%  |percent - 6.80 - - - 107,573 2470 302,851 6.953

Percentage Hydrologic Soil Groups CD =]  0.0%  |percent = 7.30 = = = 111,162 | 2552 | 357,535 8.208
Desired WQCV Drain Time = 40.0 hours - - - i
Location for 1-hr Rainfall Depths = User Input - - - -
Water Quality Capture Volume (WQCV) = 2.307 acre-feet Optional User Override - = - a
Excess Urban Runoff Volume (EURV) = 4.755 acre-fect 1-hr Precipitation = == . =
2-yr Runolf Velume (P1=1.19in) = 3501 acre-feet 1.19 inches - = o= -
S-yr Runoff Volume (P1=1.5in)=| 5150 |acre-feet 1.50 |inches - - - -
10-yr Runoff Volume (P1=1.75in} = B.a7e acre-feet 175 inches - - - -
25-yr Runoff Volume (P1 = 2in.} = 17.547 acre-feet 2.00 inches - - - -
50-yr Runoff Velume (P1=225in)=| 23045 acre-feet 225 inches - - - -
100-yr Runoff Volume (P1=2.52in)=| 30.272 acre-feet 252 inches - = - =
500-yr Runoff Volume (P1=32in)=| 45333 acre-feet 320 inches = - = =
Approximate 2-yr Detention Volume = 3.261 acre-feet - - - -
Approximate S-yr Detention Volume = 4.828 acre-feet - = - =
Approximate 10-yr Detention Volume = 7.807 acre-feet - - = =
Approximate 25-yr Detention Volume =| 9,663 acre-feet - - - =
Approximate 50-yr Detention Volume =|  10.207  |acre-fest - . - -
Approximate 100-yr Detention Volume =|  12.546  |acre-feet = = = =

UD-Detention_v3.07 - 2.1 1 19 as designed with updated % imp per odp, Basin 712472019, 5:32 PM



Detention Basin Outlet Structure Design

UD-Detention, Version 3.07 (February 2017)
Project: Wolf Ranch Development Research Parkway Filing No. 5

Basin ID: Detention Basin F19 As designed-as-built with updated imperviousness

r e
P E Sl e Stage (ft) Zone Volume (ac-ft) Outlet Type
vouue) vy | T ~  Zone1(wacy) 474 2307 Orifice Plate
m Zone 2 {EURV) 5.89 2448 Orifice Plate
:;::“lm ‘one 3 (100-year) 7.792 Weir&Pipe (Restrict)
Example Zone Configuration (Retention Pond) 12.546 Total
User Input: Orifice at Underdrain Outlet {typically used to drain WQCV in a Filtration BMP) Calculated P for ain
Underdrain Orifice Invert Depth = ft (distance below the filtration media surface) Underdrain Crifice Area =| N/A ft?
Underdrain Crifice Diameter = inches Underdrain Orifice Centroid = N/A feet
User Input: Orifice Plate with one or more erifices or Elliptical Slot Weir {typically used to drain WQCV and/or EURV in a sedimentation BMP) Calculated Parameters for Plate
Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = N/A it
Depth at top of Zone using Orifice Plate = 5.65 ft (relative to basin bottom at Stage =0 ft) Elliptical Half-Width = N/A feet
Orifice Plate: Orifice Vertical Spacing =/ N/A inches Elliptical Slot Centroid = N/A feet
QOrifice Plate: Orifice Area per Row = N/A inches Elliptical Slot Area = N/A f?
User Input: Stage and Total Area of Each Orifice Row (numbered from lowest to highest
Row 1 (required) | Row2 (optional) | Row3 (oplional) | Row4 (cptional) | Row 5 (optional) Row 6 (optional) | Row 7 (optional) Row 8 (optional
Stage of Crifice Centroid (ft) 0.00 1.92 3.84
Orifice Area (sq. inches)| 570 5.70 3.50
Row 9 (optional) | Row 10 (optional) | Row 11 (optional) | Row 12 {opti Row 13 (optional) | Row 14 (optional) [ Row 15 (optional) | Row 16 (opti
Stage of Orifice Centroid (ft)
Orifice Area (sq. inches)
User Input: Vertical Orifice (Circular or Rectangular) Calculated Parameters for Vertical Orifice
Not Selected Not Selected Not Selected Not Selected
Invert of Veertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = N/A N/A fit?
Depth at top of Zone using Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage =0 ft) Vertical Orifice Centroid = N/A NfA feet
Vertical Orifice Diameter = N/A N/A inches
User Input: Overflow Weir (Dropbox) and Grate (Flat or Sloped) Calculated Parameters for Overflow Weir
Zone 3 Weir Not Selected Zone 3 Weir Not Selected
Overflow Weir Front Edge Height, Ho = 5.77 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, H, = 5.77 N/A feet
Overflow Weir Front Edge Length = 7.00 N/A feet Over Flow Weir Slope Length = 4.00 N/A feet
Overflow Weir Slope = 0.00 N/A H:V (enter zero for flat grate) Grate Open Area / 100-yr Orifice Area = 11.09 N/A should be >4
Horiz. Length of Weir Sides = 4,00 N/A feet Overflow Grate Open Area w/o Debris = 19.60 NfA ft
Overflow Grate Open Area % = 70% N/A %%, grate open area/total area Overflow Grate Open Area w/ Debris = 9.80 N/A fr?
Debris Clogging % = 50% N/A %
User Input: Qutlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate
Zone 3 Restrictor Not Selected Zone 3 Restrictor Not Selected
Depth to Invert of Outlet Pipe = 0.33 N/A ft {distance below basin bottom at Stage = 0 ft) Qutlet Orifice Area = 177 N/A ft?
Outlet Pipe Diameter = 18.00 N/A inches Qutlet Orifice Centroid =| 0.75 N/A feet
Restrictor Plate Height Above Pipe Invert = 18.00 inches Half-Central Angle of Restrictor Plate on Pipe = 3.14 N/A radians
User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway
Spillway Invert Stage= 5.77 ft {relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.69 feet
Spillway Crest Length = 60.00 feet Stage at Top of Freeboard = 6.96 feet
Spillway End Slopes = 4.00 H:V Basin Area at Top of Freeboard = 2.50 acres
Freeboard above Max Water Surface = 0.50 feet
Routed Hydrograph Results
Design Storm Return Period = wacy EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year 500 Year
One-Hour Rainfall Depth (in) = 0.53 1.07 1.19 1.50 1.75 2.00 2.25 2.52 3.20
Calculated Runoff Volume (acre-ft) = 2307 4.755 3.501 5.150 8.878 17.517 23.045 30272 45.333
OPTIONAL Override Runoff Volume (acre-fl) =| 1.560 7.640
Inflow Hydrograph Volume (acre-fi) = 2.306 4.755 3.500 1.559 8.876 17.511 23.038 7.630 45.325
Predevelopment Unit Peak Flow, q (cfs/acre) = 0.00 0.00 0.01 0.02 0.17 0.57 0.79 1.07 1.61
Predevelopment Peak Q (cfs) =| 0.0 0.0 2.4 4.2 39.8 135.3 188.3 255.0 385.2
Peak Inflow Q (cfs) = 33.2 67.7 50.2 226 124.5 240.9 3114 1075 576.2
Peak Qutflow Q {cfs) =| 0.8 1.7 09 0.8 63.7 184.3 254.2 45.6 390.8
Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 0.2 16 1.4 1.4 0.2 1.0
Structure Contralling Flow = Plate Spillway Plate Plate Spillway Spillway Spillway Spillway N/A
Max Velocity through Grate 1 (fps) = N/A 0.01 INJA N/A 0.7 1.0 1.0 0.5 1.1
Max Velocity through Grate 2 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A N/A
Time to Drain 97% of Inflow Volume (hours) =| 42 71 57 31 68 63 59 69 47
Time to Drain 99% of Inflow Volume (hours) = 43 74 59 33 73 71 69 73 64
Maximum Ponding Depth (f) = 4.66 5.79 5.24 4.21 6.19 6.68 6.91 6.10 7.30
Area al Maximum Ponding Depth (acres) = 1.82 2.31 212 1.42 2.37 2.45 2.43 236 2.55
Maximum Volume Stored (acre-ft) = 2.139 4.538 331 1.426 5.451 6.633 7.225 5.262 8.208




Detention Basin Outlet Structure Design

UD-Detention, Version 3.07 (February 2017)
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S PLE: PLE Bu
EXCESS URBAN RUNOFF CONTROL (FULL-SPECTRUM) DETENTION SIZING <2, b

Project: WOLF RANCH DETENTION BASIN AT DB F28
Basin ID: Full Spectrum Basin Calcs

* User input data
shown in blue.

Area of Watershed (acres)| 490.00
Subwatershed Imperviousness 40.0%
Level of Minimizing Directly Connected 1 Py
Impervious Area (MDCIA) !
Effective Imperviousness’ 35.5%
Hydrologic Soil Type| Percentage of Area Area (acres)
Type A 0.0% 0.0
Type B 100.0% 490.0
TypeCorD 0.0% 0.0
Recommended Horton's Equation Parameters for CUHP
Infiltration (inches per hour) Decay
Initial--7; Final--/o Coefficient--a
45 [ 0.6 0.0018
Detention Volumes *°
Maximum Allowable
(watershed inches) (acre-feet) Release Rate, cfs®
4 Design Oulet to Empty
Excess Urban Runoff Volume 0.45 18.41 EURV in 72 Hours
100-year Detention Volume Including WQCV ° 0.76 30.99 416.50
e N
2.50 i
2.00 ,/—
/ e 100-yr Vol Type A Soil
g ‘ ‘,/ ' s 100-yr Vol Type B, C & D Soils
£ 15 L —
o i o e EURV Type A Soil
£ e
§ | ™ - . EURV Type B Soil
.:;/.._;-- - _ - -
“§= 1.00 » - a ‘I__—..—-’L = = = EURV Type C/D Soil
x - - - . ¢ 100-yr Storage Volume
g e =3 o
0.50 ’.ﬁ;"’y i e & i B EURV Slorage Volume
. g L] - -
. , 0
S -‘K’w‘ - =
0.00 l !
0 20 40 60 80 100
Percent Total Imperviousness
o S
Notes:

1) Effective imperviousness is based on Figure ND-1 of the Urban Storm Drainage Criteria Manual (USDCM).

2) Results shown reflect runoff reduction from Level 1 or 2 MDCIA and are plotted at the watershed's total imperviousness value; the
impact of MDCIA is reflected by the results being below the curves.

3) Maximum allowable release rates for 100-year event are based on Table SO-1. Outlet for the Excess Urban Runoff Volume (EURV) to
be designed to empty out the EURV in 72 hours. Outlet design is similar to one for the WQCV outlet of an extended detention basin (i.e.,
perforated plate with a micro-pool) and extends to top of EURV water surface elevation.

4) EURV approximates the difference between developed and pre-developed runoff volume.

5) 100-yr detention volume includes EURV. No need to add more volume for WQCV or EURV

FSD CALCULATIONS DETENTION BASIN DP A4 7/2/2019, 2:41 PM
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DETENTION BASIN STAGE-STORAGE TABLE BUILDER
14 2 ey

UD-Detention, Version 3.07 (February 2017)

Project: Wolf Ranch Development Research Parkway Filing No. §
Basin ID: Detention Basin G Updated to reflect reduced hed area and revised ODP

£ Fome « anp 3 “oRet Degth Increment = n
PEAMANINT -’ omrcLs Optional Cptional
e Example Zone Configuration (Retention Pond) Stage - Storage Stage Qverride Length Width Avea Cverride Area Volume Volume
Description ft) Stage(ft) | (M) (f) (f*2) Avea (M°2) {acre) (f3) (ac-ft)
ired Volume C i Top of Micropool = 0.00 = - = 15 0.000
Selected BMP Type =| EDB - 100 - - - 9.920 0.228 4859 0.112
Watershed Area = 160.90 |acres - 200 - - - 33,140 0.781 26,167 0601
Watershed Length = 5,150 ft - 300 - - - 54,124 1.243 70.129 1610
Watershed Slope = 0.027 fuht - 4.00 - - - 58,500 1.343 126,441 2903
Watershed Imperviousness = 41.30%  |percent - 500 - - - 62,810 1.442 187.096 4.295
Percentage Hydrologic Soil Group A= 0.0% percent - 6.00 - - - 67,218 1.543 252,110 5788
Percenlage Hydrologic Sail GroupB=|  100.0% |percent - 7.00 - = - 71,728 1.647 321,583 7.383
Percentage Hydrologic Soil Groups C/D = 0.0% percent - 8.00 - = = 76.338 1.752 335816 9.082
Desired WQCV Drain Time = 40.0 hours - 9.00 - - - 81,048 1.861 474,309 10.889
Location far 1-hr Rainfall Depths = User Input - 10.00 - - - 85,859 1.971 557.763 12.804
Water Quality Capture Volume (WQCV) = 2457 acre-feet Optional User Override - 11.00 - - - 90,770 2.084 645,077 14,832
Excess Urban Runoff Volume (EURV) =| 6996  |acre-teet  1-hr Precipitation - 12.00 - - - 95,782 2199 739,353 16.973
2-yr Runoff Volume (P1=1181in} = 5.535 acre-feel 119 inches - 13.00 - - - 100,895 2.316 837,692 19.231
S-yr Runoff Volume (P1=1.5in.) = 7.678 acre-feet 1.50 inches - 14.00 - - - 106,108 2436 841,193 21.607
10-yr Runoff Volume (P1 = 1.75in.) = 10.827 acre-feet 175 inches - 15.00 - - - 111,421 2.558 1,048,958 24.104
25-yr Runoff Volume (P1=21n) = 16.086 acre-feet 2.00 inches - - - -
50-yr Runoff Volume (P1=225in)=| 19659 acre-feal 225 inches - - - -
100-yr Runoff Volume (P1=252in.) =| 24327 acre-feet 252 inches - - - -
500-yr Runoff Volume (P1=32in) = 34.429 acre-feel 320 inches - - - -
Approximate 2-yr Detention Volume =| 5175 acre-feet - = = =
Approximate S-yr Detention Volume =| 7,208 acre-feet - - - -
Appraximate 10-yr Detention Volume = 9,862 acre-feat - - - -
Approximate 25-yr Detention Volume = 10.988 acre-feet - - - -
Approximate 50-yr Detention Volume =|  11.524 acre-feet = = = =
Approximate 100-yr Detention Volume = 13.155 acre-feet - - - -
Stage-Storage Calculation - - - -

UD-Detention_v3.07 - 2.1-updated with new basin area and as-built plate, Basin 772512019, 1:09 PM



Detention Basin Outlet Structure Design

UD-Detention, Version 3.07 (February 2017)
Project: Wolf Ranch Development Research Parkway Filing No. 5

Basin ID: Detention Basin G

Stage (ft) Zone Volume (ac-ft)  Outlet Type

Zone 1 (WQcCV) 367 2.457 Orifice Plate
S o Zone 2 (EURV) 6.77 4.539 Orifice Plate
ORIFICES ‘one 3 (100-year) 10.18 6.159 ‘WeirEPipe (Restrict)
Example Zone Configuration (Retention Pond) 13.155 Total
User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP) Calculated Parameters for Underdrain
Underdrain Orifice Invert Depth = ft (distance below the filtration media surface) Underdrain Orifice Area = N/A it
Underdrain Orifice Diameter = N/A inches Underdrain Orifice Centroid | N/A feet
User Input: Orifice Plate with one or more orifices or Elliptical Slot Weir (typically used to drain WQCV and/or EURV in a sedimentation BMP) Calculated Parameters for Plate
Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft} WQ Orifice Area per Row = N/A ft?
Depth at top of Zone using Orifice Plate = 5.68 ft (relative to basin bottom at Stage = 0 ft} Elliptical Half-Width = N/A feet
Qrifice Plate: Orifice Vertical Spacing = 22.70 inches Elliptical Slot Centroid = N/A feet
Orifice Plate: Orifice Area per Row = N/A inches Elliptical Slot Area = N/A !

User Input: Stage and Total Area of Each Orifice Row (numbered from lowest to highest
Row 1 (required) Row 2 (optional) Row 3 (oplional) Row 4 (optional) Row 5 {optional) Row 6 (optional) Row 7 (optional) Row 8 (optional)
Stage of Orifice Centroid (ft) 0.00 1.89 3.79
Orifice Area (sq. inches) 9.61 9.61 9.62
Row 9 (optional) | Row 10 (optional) | Row 11 (optional) | Row 12 (optional) | Row 13 (optional) | Row 14 (optional) | Row 15 (optional) | Row 16 (cptional)
Stage of Crifice Centroid (ft)
Orifice Area (sq. inches)
User Input: Vertical Orifice {Circular or Rectangular) Calculated Parameters for Vertical Orifice
Not Selected Not Selected Not Selected Not Selected
Invert of Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area =/ N/A N/A #?
Depth at tap of Zone using Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = N/A N/A feet
Vertical Orifice Diameter = N/A N/A inches
User Input: Overflow Weir {Dropbox) and Grate (Flat or Sloped) Calculated Parameters for Overflow Weir
Zone 3 Weir Not Selected Zone 3 Weir Not Selected
Overflow Weir Front Edge Height, Ho = 6.00 N/A ft (relative to basin bottom a1 Stage = 0 ft) Height of Grate Upper Edge, H, = 7.39 N/A feet
Overflow Weir Front Edge Length = 6.50 N/A feet Over Flow Weir Slope Length =| 5.19 N/A feet
Overflow Weir Slope = 3.60 N/A H:V (enter zero for flat grate) Grate Open Area / 100-yr Crifice Area = 7.52 N/A should be > 4
Horiz. Length of Weir Sides = 5.00 N/A feet Overflow Grate Open Area w/o Debris = 2361 N/A i
Overflow Grate Open Area % = 70% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris = 11.81 NfA ft?
Debris Clogging % = 50% N/A %
User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, ictor Plate, or lar Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate
Zone 3 Restrictor Not Selected Zone 3 Restrictor Not Selected
Depth to Invert of Qutlet Pipe = 4.08 N/A ft (distance below basin bottom at Stage = 0 ft) Qutlet Orifice Area = 3.14 N/A ft?
Qutlet Pipe Diameter = 24.00 N/A inches QOutlet Orifice Centroid = 1.00 N/A feet
Restrictor Plate Height Above Pipe Invert = 24.00 inches Half-Central Angle of Restrictor Plate on Pipe = 3.14 N/A radians
User Input: Emergency Spillway (Rec lar or Trapezoidal) Calculated Parameters for Spillway
Spillway Invert Stage= 15.00 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth=| 0.84 feet
Spillway Crest Length = 40.00 feet Stage at Top of Freeboard =| 16.84 feet
Spillway End Slopes = 10.00 H:V Basin Area at Top of Freeboard = 2.56 acres
Freeboard above Max Water Surface = 1.00 feet
Routed Hydrograph Results
Design Storm Retumn Period =| wacvy EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year 500 Year
One-Hour Rainfall Depth (in) = 0.53 1.07 1.19 1.50 1.75 2.00 2.25 252 3.20
Calculated Runoff Volume (acre-ft) = 2.457 6.996 5.535 7.678 10.827 16.096 15.659 24327 34.429
OPTIONAL Override Runoff Velume (acre-ft) = 1.560 1.640
Inflow Hydrograph Volume (acre-ft) = 2.459 6.997 5.536 1.560 10.833 16.108 19.669 7.637 34.457
Predevelopment Unit Peak Flow, q (cfsiacre) = 0.00 0.00 0.01 0.02 0.16 0.55 0.77 1.04 1.57
Predevelopment Peak Q (cfs) = 0.0 0.0 1.6 2.8 25.9 88.8 123.1 166.9 252.3
Peak Inflow Q (cfs) = 34.6 96.4 76.7 22.1 147.3 216.2 261.0 105.0 442.5
Peak Cutflow Q (cfs) = 10 5.4 1.8 0.9 376 53.1 55.8 9.2 66.8
Ralio Peak Outflow to Predevelopment Q = N/A N/A N/A 0.3 15 0.6 0.5 0.1 0.3
Structure Controlling Flow = Plate Overflow Grate 1 Plate Plate Overflow Grate 1 Outlet Plate 1 Outlet Plate 1 Overflow Grate 1 HREF!
Max Velocity through Grate 1 (fps) = N/A 0.14 N/A N/A 15 2.1 2.2 0.3 2.6
Max Velocity through Grate 2 (fps) = N/A N/A N/A N/A N/A N/A N/A NfA N/A
Time 1o Drain 97% of Inflow Volume (hours) = 44 70 65 34 67 63 61 70 56
Time to Drain 99% of Inflow Volume (hours) =| 46 75 69 35 75 73 73 75 71
Maximum Ponding Depth (ft) = 3.53 6.41 5.63 2.84 7.57 9.22 10.55 6.64 16.11
Area at Maximum Ponding Depth (acres) = 1.29 1.59 151 117 171 1.88 2.03 1.61 2.56
Maximum Velume Stored (acre-ft) = 2.270 6.429 5.224 1.417 8.338 11.301 13.885 6.796 24.104

® O, r;_,ﬁ\l‘wc)p & . Tc;.. ?\-:{z, u:{aQ.



Detention Basin Outlet Structure Design
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DETENTION BASIN STAGE-STORAGE TABLE BUILDER

UD-Detention, Version 3.07 (February 2017)
Project: Wolf Ranch Development Research Parkway Filing No. 5

Basin ID: Detention Basin H

ZONEQNE 2
- = _L — f -ZONE 1 —
vOLUME| gunv | woci —— = i
I e \‘—IN-YEAH ‘\1
SO A ORIFICE Depth Increment = ft :
PEAMANENT. ORIFICES Optional Optional
£ack. Example Zone Configuration (Retention Pond) Stage - Storage Stage Override Length Width Area Override Area Volume Volume
Description (ft) Stage (ft) (ft) (ft) (ft"2) Area (ft*2) (acre) (fth3) (ac-ft)
Required Volume Calculation Top of Micropool = 0.00 - - - 64 0.001
Selected BMP Type = EDB - 2.00 270 0.006 3 0.008
Watershed Area = 49.67 acres - 4.00 17,038 0.391 17,642 0.405
Woatershed Length = 1,500 ft - 6.00 21,809 0.501 56,489 1.297
Watershed Slope = 0.030 ft/ft - 8.00 26,697 0.613 104,995 2.410
Watershed Imperviousness =| 62.00% |percent - 10.00 32,498 0.746 164,190 3.769
Percentage Hydrologic Soil Group A = 0.0% percent - 12.00 38,582 0.886 235,270 5.401
Percentage Hydrologic Soil Group B = 100.0% |percent - 14.00 - - - 47,275 1.085 321,127 7.372
Percentage Hydrologic Soil Groups C/D = 0.0% percent - e w i
Desired WQCV Drain Time = 40.0 hours = - = =
Location for 1-hr Rainfall Depths = User Input o 22 aw =
Water Quality Capture Volume (WQCV) = 1.008 acre-feet Optional User Override - - - -
Excess Urban Runoff Volume (EURV) =| 3349  [acre-feet  1-hr Precipitation = - - -
2-yr Runoff Volume (P1=1.19in.) = 2.759 acre-feet 1.19 inches - - - -
5-yr Runoff Volume (P1=1.5in.) = 3.703 acre-feet 1.50 inches - ! - i
10-yr Runoff Volume (P1=1.75in.) = 4.800 acre-feet 1.76 inches - - - -
25-yr Runoff Volume (P1=2in) = 6.264 acre-feet 2.00 inches - - - -
50-yr Runoff Volume (P1=2.25in.) = 7.318 acre-feet 225 inches = - - -
100-yr Runoff Volume (P1=2.52in.) = 8.702 acre-feet | 2.52 inches - - - -
500-yr Runoff Volume (P1=3.2in.) =| 11.813 acre-feet 3.20 inches - - - -
Approximate 2-yr Detention Volume = 2.584 acre-feet - - s i
Approximate 5-yr Detention Volume = 3.479 acre-feet - = - -
Approximate 10-yr Detention Volume = 4.463 acre-feet . i iz g
Approximate 25-yr Detention Veolume = 4819 acre-feet - = & =3
Approximate 50-yr Detention Volume = 5.021 acre-feet a = = —-
Approximate 100-yr Detention Volume = 5.459 acre-feet - s w“ =

UD-Detention_v3.07 - Updated-imp %=62, Basin 71112019, 3:15 PM



Detention Basin Outlet Structure Design

Project:
Basin ID:

UD-Detention, Version 3.07 (February 2017)
Wolf Ranch Development Research Parkway Filing No. 5

Detention Basin H

Example Zone Configuration (Retention Pond)

Underdrain Orifice Invert Depth =
Underdrain Orifice Diameter =

N/A
N/A

User Input: Orifice at Underdrain Qutlet (typically used to drain WQCV in a Filtration BMP)

Stage (ft) Zone Volume (ac-ft) Outlet Type
Zone 1 (WQCV) 5.40 1.006 Orifice Plate
Zone 2 (EURV) 9.43 2.343 Orifice Plate
‘one 3 (100-year) 12.07 2.110 Weir&Pipe (Restrict)
5.459 Total

ft (distance below the filtration media surface)

inches

Calculated Parameters for Underdrain

Underdrain Qrifice Area =

N/A

&1

Underdrain Orifice Centroid = feet

User Input: Orifice Plate with one or more orifices or Efliptical Slot Weir (typically used to drain WQCV and/ar EURV in a sedimentation BMP)

Calculated Parameters for Plate

User Input: Outlet Pipe w/ Flow Restriction Plate (C

Depth to Invert of Outlet Pipe =

Outlet Pipe Diameter =

ircular Qrifice, Restrictor Plate, or Rectangular Orifice)

ft (distance below basin bottom at Stage = 0 f1)

inches

Restrictor Plate Height Above Pipe Invert =

User Input: Emergency Spillway (Rectang:

ular or Trapezoidal)

Zone 3 Restrictor Not Selected
0.50 N/A
30.00 N/A
28.10

inches

Calculated Parameters for Outlet Pipe w/

Flow Restriction Plate

Outlet Orifice Area =

Outlet Orifice Centroid =

Half-Central Angle of Restrictor Plate on Pipe =/

Zone 3 Restrictor Not Selected
4.78 N/A
1.22 N/A
263 N/A

Calculated Parameters for Spillway

Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) ‘WQ Orifice Area per Row = N/A ft?
Depth at top of Zone using Orifice Plate = 8.27 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet
Orifice Plate: Orifice Vertical Spacing = 33.10 inches Elliptical Slot Centroid = N/A feet
Orifice Plate: Orifice Area per Row = N/A inches Elliptical Slot Area = NfA ft?
User Input: Stage and Total Area of Each Orifice Row (numbered from lowest to highest
Row 1 (required) | Row 2 (optional) | Row 3 (optional) | Row4 (oplional) | Row5 (optional) | Row6 (of Row 7 (oplional) | Row 8 (oplional)
Stage of Orifice Centroid (f{) 0.00 2.76 5.51
Orifice Area (sq. inches)| 3.00 3.25 9.62
Row 8 (optional) | Row 10 (optional) | Row 11 (optional) | Row 12 (aplional) | Row 13 (optional) | Row 14 (optional) | Row 15 (oplional) | Row 16 (optional
Stage of Onfice Cenlroid (ft)
Orifice Area (sq. inches)
User Input: Vertical Orifice (Circular or Rectangular) Calculated Parameters for Vertical Orifice
Not Selected Not Selected Not Selected Not Selected
Invert of Vertical Orifice = N/A N/A ft {relative to basin bottom at Stage = 0 fi) Vertical Orifice Area = N/A N/A ft?
Depth at top of Zone using Vertical Orifice = N/A N/A ft {relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = N/A N/A feet
Vertical Orifice Diameter = N/A N/A inches
User Input: Overflow Weir {Dropbox) and Grate (Flat or Sloped) Calculated Parameters for Overflow Weir
Zone 3 Weir Not Selected Zone 3 Weir Not Selected
QOverflow Weir Front Edge Height, Ho = 9.26 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, H,= 10.39 N/A feet
Overflow Weir Front Edge Length = 8.00 N/A Teet QOver Flow Weir Slope Length = 4.64 NfA Teet
Overflow Weir Slope = 4.00 N/A H:V (enter zero for flat grate) Grate Open Area / 100-yr Orifice Area = 5.44 N/A should be >4
Horiz. Length of Weir Sides = 4.50 N/A feet Overflow Grate Open Area w/o Debris = 25.98 NfA ft?
Overflow Grate Open Area % = 70% N/A %, grate open area/total area QOverflow Grate Open Area w/ Debris = 12.99 N/A i
Debris Clogging % = 50% N/A %

ﬂ1
feet
radians

Spillway Invert Stage= 12.03 ft {relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.96 feet
Spillway Crest Length = 59.00 feet Stage at Top of Freeboard = 13.99 feet
Spillway End Slopes = 4.00 H:V Basin Area at Top of Freeboard = 108 acres
Freeboard above Max Water Surface = 1.00 feet
Routed Hydrograph Results
Design Storm Return Period =| wacv EURV 2 Year S Year 10 Year 25 Year 50 Year 100 Year 500 Year
One-Hour Rainfall Depth (in) = 0.53 1.07 1.19 1.50 1.75 2.00 2.25 2.52 3.20
Calculated Runcff Veolume (acre-ft) = 1.006 3.349 2.759 3.703 4.800 6.264 7.318 8702 11.813
OPTIONAL Override Runoff Volume (acre-ft) =|
Inflow Hydrograph Violume (acre-ft) = 1.005 3.345 2.755 3.698 4.795 6.256 7.303 8.687 11.794
Predevelopment Unit Peak Flow, q (cfs/acre) = 0.00 0.00 0.02 0.03 0.29 0.91 1.26 167 2.50
Predevelopment Peak Q (cfs) = 0.0 0.0 0.8 14 14.5 45.2 62.4 82.9 124.1
Peak Inflow Q (cfs) =| 21.6 70.7 58.4 78.0 100.6 130.4 151.7 179.5 241.3
Peak Qutflow Q (cfs) = 0.4 1.2 1.1 39 19.7 45.0 63.4 76.5 83.7
Ratio Peak Outflow to Predevelop Q= N/A N/A N/A 2.7 14 1.0 10 0.9 0.7
Structure Controlling Flow =| Plate Plate Plate Overflow Grate 1 | Overflow Grate 1 | Overflow Grate 1 | Overflow Grate 1 Outlet Plate 1 Spillway
Max Velocity through Grate 1 {fps) = N/A N/A N/A 0.1 0.7 1.7 24 249 31
Max Velocity through Grale 2 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A N/A
Time fo Drain 97% of Inflow Volume (hours) = 38 66 61 67 65 63 62 60 57
Time to Drain 99% of Inflow Volume (hours) = 40 70 65 71 71 70 69 69 67
Maximum Ponding Depth (fl) = 5.29 9.22 8.35 9.57 10.25 10.88 11.24 11.77 13.84
Area al Maximum Ponding Depth (acres) = 0.46 0.69 0.64 0.72 0.76 0.81 0.83 0.87 1.07
Maximum Volume Stored (acre-fl) = 0.951 3.201 2.629 3.455 3.958 4.445 4.748 5199 7.200
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