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yields about the same number as the excess urban runoff volume (EURV) required for full-
spectrum detention (full-spectrum detention is based on capturing the EURV and draining it slowly
-- over a period of up to 72 hours -- to minimize the EURV release rate. This method of retrofitting
was the primary approach that was evaluated for the Castle Oaks pond system.

Figure1l. Eight existing detention facilitiesin the Castle Oaks development evaluated for retrofit
improvements.
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Design plans, design reports, and CUHP and SWMM models were obtained and reviewed for the
eight Castle Oaks detention facilities. Quite a bit of time was invested to understand the design
intent and modeling of the existing detention facilities. In some cases, the stage/storage and
stage/discharge relationships for the ponds were revised to achieve complete consistency with the
design plans. Then, various retrofitting options were evaluated, as shown in the following table.

Option | Description Rationale

1 Ponds 335, 355, 360, 380, 381, 390, | All seven ponds that have an existing 10-year
and 395 were retrofitted for EURV opening were assumed to be retrofitted with orifice
by assuming an orifice plate would plates. This option reflects the simplest means of
be installed over the existing 10- retrofitting and the greatest number of ponds that
year openings could be retrofit with orifices.

2 Ponds 335, 355, and 390 were Just the downstream-most pond in each of the
retrofitted for EURV by assuming an | three Castle Oaks tributaries that has an existing
orifice plate would be installed over | 10-year orifice were assumed to be retrofit with
the existing 10-year openings orifice plates. This is the minimum number of

ponds that would be considered for a retrofit and
would eliminate effects of multiple EURV ponds in
series.

3 Same as Option 2, except that the Although more involved than just retrofitting with an
spillways of Ponds 335, 355, 390, orifice plate, the benefits of raising spillways to gain
and 375 were assumed to be raised | more detention volume was considered
one foot.

4 Same as Option 2, except that the To further reduce release rates from Pond 355, the
spillway of Pond 355 was assumed | benefit of raising this pond's spillway two feet was
to be raised two feet. considered.

5 Ponds 335, 355, 360 and 390 were | To reduce release rates from Pond 355 without
retrofitted for EURV by assuming an | raising this pond's spillway, retrofitting Pond 360
orifice plate would be installed over | (upstream of Pond 355) with an orifice plate was
the existing 10-year openings considered.

Table 1. Retrofit Alternatives

All options were modeled assuming two conditions: 1) the Castle Oaks ponds would remain the
only detention facilities in their respective sub-watersheds (no additional detention assumed in
upstream offsite developments) and 2) additional detention facilities were assumed to be
implemented to serve the offsite developments.

Based on the results of the modeling, the recommended retrofit plan consists of Option 5 --
providing smaller orifices to reduce the 10 year outlets of Ponds 335, 355, 360, and 390. The
recommended plan meets the intent of reducing peak discharges to levels similar to or less than
pre-developed conditions for a full spectrum of storms, including the frequent events that contribute
to stream degradation. This is illustrated in Figure 2, which shows the combined contribution of
flow from the three Castle Oaks sub-watersheds to McMurdo Gulch. The light blue and dark blue
bars (with and without offsite ponds) show that the combined outflows for the proposed retrofit plan
(Option 5) are less than those for the current ponds and less than pre-developed conditions for all
events, including the smaller, more frequent storms such as the 2-year. Although additional flow
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reductions would be possible by providing additional detention storage volume through raised
spillways or excavation, based on the modeling completed these more extensive retrofit measures
are not necessary to reduce discharges below pre-developed levels.

1600 -
1400 -
m Pre-developed
1200 -
Current Onsite and Planned Offsite
«£ 1000 - Ponds
©
%’, Retrofitted Onsite and Planned
= .
é 800 - Offsite Ponds
[a) m Current Onsite and No Offsite
;f‘j Ponds
600 -
~ m Retrofitted Onsite and No Offsite
Ponds
400 - m Future Flows with No Detention
200 -
O _
2-Yr 5-Yr 10-Yr 100-Yr

Figure2. Resultsof retrofit evaluation for recommended plan (Option 5) in comparison to pre-developed
and future devel opment condition flows without detention

It is interesting to note the effects of retrofitting EURV in ponds in series (one or more ponds
upstream of another pond). As shown in Figure 1, in Castle Oaks one pond exists on the southern
tributary, two ponds on the middle tributary, and five ponds on the northern tributary. The
recommended Option 5 is comprised of extended detention for EURV (or WQCYV for pond 375) in
the one pond on the southern tributary, both ponds on the middle tributary, and in two of the five
ponds on the northern tributary. Retrofitting all five ponds in the northern tributary was found to be
less effective. Therefore, it is necessary to model various combinations of EURV releases when
ponds are in series to determine the most effective design.

It was noticed during a field reconnaissance of the detention ponds that the riprap shown in the
design plans on the side slopes of the spillways was not clearly evident. This was followed up with
more checking in the field by Town staff. As a result, some rehabilitation work may be necessary
to be fully assured that the spillways are constructed as designed. This is especially important
since the spillways are designed to convey flows in storms much smaller than the 100 year event
(any storm in excess of the water quality event for Pond 375 and storms in excess of the 10 year
event for the rest of the ponds). The proposed retrofit improvements do not increase the spillway
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flow rates in the modeled events; however, the proposed improvements are recommended based
on investigations (or remedial repairs) that confirm that the spillways will function as originally
designed.

Backup modeling information and results are provided in Appendix A. Sketches of the
recommended detention facility retrofit improvements are shown in Appendix B. The retrofit
improvements generally consist of installing orifice plates over the existing 10-year outlet pipes and
providing finer grating to reduce the likelihood that the control orifices (ranging from 3 inches to 4-
1/8 inches in diameter) will become clogged. These improvements are straightforward and could
be implemented in a variety of ways. The orifice plates and grating could be field measured, drawn
up and fabricated by a metalwork contractor. Installation could potentially be handled by a
contractor or perhaps by Town maintenance staff.

The flow control plan discussed herein for the Castle Oaks development could be applied to the
remainder of the McMurdo Gulch watershed that will receive high density development. A number
of onsite ponds exist in the area along Highway 86 that could be converted to full spectrum
detention; however, in certain instances constructing new regional full spectrum facilities to
compliment or replace the onsite facilities may provide greater flow reductions and less
maintenance burdens. Several sites in the upper watershed seem favorable for regional full-
spectrum detention. One is on mainstem McMurdo Gulch just upstream of Highway 86 and
another is in the existing detention pond constructed as part of the Civilian Conservation Corps
(CCC) effort downstream of Castle Oaks Drive.

It is also recommended that full-spectrum detention be implemented in the Canyons South
development that is adjacent to the Castle Oaks development. Canyons South is currently in the
design phase. Coordination with Douglas County is recommended to ensure that full spectrum
detention is implemented in this community to provide additional flow control to the receiving
reaches of McMurdo Gulch.

Beyond this memorandum, the next steps for implementing flow control in the McMurdo Gulch
watershed are as follows:

Complete a final design phase of work for the Castle Oaks development pond facilities.
This work includes finalizing the hydrologic analysis started as part of this current phase of
work, designing the pond outlet structure modifications, and designing improvements to the
existing pond spillways where necessary.

Coordinate with Douglas County regarding the Canyon South development pond facilities
with the intent of implementing full spectrum detention.

Explore other opportunities to retrofit existing ponds or incorporate new regional ponds
downstream of existing developments.

The course of action set forth in this memorandum in combination with construction of the stream
reclamation improvements will provide the Town and the Cherry Creek Basin Water Quality
Authority a significant step in reclaiming/preserving the McMurdo Gulch corridor as well as the
downstream Cherry Creek corridor. It is anticipated that the flow control methods discussed can
be used as a model, or template, for other similar basins within the Cherry Creek basin.






Mc Murdo Gulch in Castle Rock
SWMM Scenairo Results

Scenario

Pre-developed

Future (No Ponds)

Future Castle Oaks Ponds AS IS
Future All Ponds AS IS

Description
Pre-development conditions -- all Impervious Values are 2%
Future development conditions with no ponds in the Castle Oaks area

Future development conditions with only Castle Oaks ponds with no alterations

Future development conditions with all ponds (including offsite ponds) with no alterations

Optl All Castle Oaks Ponds Retrofitted for EURV
Opt 2 Ponds 335, 355, and 390 retrofitted for EURV
Opt3 Ponds 335, 355, and 390 embankments and spillway raised 1' and retrofitted for EURV
Opt 4 Ponds 335, and 390 retrofitted for EURV. Pond 355 embankment and spillway raised 2" and retrofitted for EURV
Opt5 Ponds 335, 355, 360, and 390 retrofitted for EURV
2-Yr
Outlet Pre- Future Future Future Future Future Future Future Future Future Future Future Future
Pond Number | developed | (NoPonds) Castle Oaks Ponds | Castle Oaks Ponds EURV Castle Oaks Ponds EURV Castle Oaks Ponds EURV Castle Oaks Ponds EURV Castle Oaks Ponds EURV All Ponds All Ponds Castle Oaks EURV All Ponds Castle Oaks EURV All Ponds Castle Oaks EURV All Ponds Castle Oaks EURV
AS IS Opt 1 Opt 2 Opt 3 Opt 4 Opt 5 (AS IS) Opt 1 Opt 2 Opt 3 Opt 4
335 64 9 79 14 2 2 3 2 2 17 2 2 4 2
355 83 6 55 17 2 11 3 3 2 13 2 4 3 3
360 81 2 17 9 0.5 9 9 9 0 5 0 6 6 6
375 103 19 136 50 2 17 9 17 17 32 2 13 7 13
380 115 2 15 9 0.5 9 9 9 9 9 0 9 9 9
381 118 4 26 20 5 20 20 20 20 20 5 14 14 14
390 98 12 53 25 1 1 1 1 1 14 1 1 1 1
395 96 12 26 18 11 18 18 18 18 10 6 10 10 10
Combined outflow (335+355+375) 34 269 82 21 62
5-Yr
Outlet Pre- Future Future Future Future Future Future Future Future Future Future Fu_ture Fu_ture
Pond Number | developed | (NoPonds) Castle Oaks Ponds | Castle Oaks Ponds EURV Castle Oaks Ponds EURV Castle Oaks Ponds EURV Castle Oaks Ponds EURV Castle Oaks Ponds EURV All Ponds All Ponds Castle Oaks EURV All Ponds Castle Oaks EURV (All Ponds with Castle Oaks (All Ponds with Castle Oaks
AS IS Opt 1 Opt 2 Opt 3 Opt 4 Opt 5 (AS IS) Opt 1 Opt 2 EURV) - Opt 3 EURV) - Opt 4
335 64 69 148 63 45 45 23 45 45 45 31 31 15 31
355 83 46 102 41 23 34 23 13 23 38 20 31 19 8
360 81 16 33 11 7 11 11 11 7 7 3 9 9 9
375 103 132 259 113 94 118 61 108 118 90 30 64 52 64
380 115 12 28 12 3 12 12 12 12 12 3 12 12 12
381 118 28 53 38 45 41 41 41 41 39 30 34 34 34
390 98 57 102 35 21 34 20 34 34 26 14 20 14 20
395 96 41 48 27 30 27 27 27 27 15 14 16 16 16
Combined outflow (335+355+375) 248 509 217 187 187 173 115
10-Yr
Outlet Pre- Future Future Future Future Future Future Future Future Future Future Fu_ture Fu_ture
Pond Number | developed | (No Ponds) Castle Oaks Ponds | Castle Oaks Ponds EURV Castle Oaks Ponds EURV Castle Oaks Ponds EURV Castle Oaks Ponds EURV Castle Oaks Ponds EURV All Ponds All Ponds Castle Oaks EURV All Ponds Castle Oaks EURV (All Ponds with Castle Oaks (All Ponds with Castle Oaks
AS IS Opt 1 Opt 2 Opt 3 Opt 4 Opt 5 (AS IS) Opt 1 Opt 2 EURV) - Opt 3 EURV) - Opt 4
335 64 102 187 86 79 79 56 79 79 62 51 51 38 51
355 83 67 127 58 73 75 57 41 73 52 54 55 42 28
360 81 23 42 19 41 40 40 40 41 9 18 17 17 17
375 103 192 327 183 121 143 105 143 143 121 76 107 82 107
380 115 17 34 13 9 13 13 13 13 14 9 13 13 13
381 118 41 67 44 46 41 41 41 41 46 46 41 41 41
390 98 80 128 78 52 56 20 56 56 33 30 37 20 37
395 96 56 59 38 42 38 38 38 38 18 20 20 20 20
Combined outflow (335+355+375) 361 640 327 295 295 235 212
100-Yr
Outlet Pre- Future Future Future Future Future Future Future Future Future Future Future Future
Pond Number | developed | (No Ponds) Castle Oaks Ponds | Castle Oaks Ponds EURV Castle Oaks Ponds EURV Castle Oaks Ponds EURV Castle Oaks Ponds EURV Castle Oaks Ponds EURV All Ponds All Ponds Castle Oaks EURV All Ponds Castle Oaks EURV All Ponds Castle Oaks EURV All Ponds Castle Oaks EURV
AS IS Opt 1 Opt 2 Opt 3 Opt 4 Opt 5 (AS IS) Opt 1 Opt 2 Opt 3 Opt 4
335 64 307 415 270 198 198 60 198 198 232 198 198 60 198
355 83 203 277 206 210 206 198 161 210 159 147 160 154 144
360 81 69 93 69 73 69 69 69 73 45 48 42 42 42
375 103 574 739 498 452 456 357 456 456 410 475 412 324 412
380 115 53 74 46 48 46 46 46 46 52 48 46 46 46
381 118 124 156 146 145 139 139 139 139 139 145 139 139 139
390 98 222 286 156 114 114 20 114 114 138 114 114 20 114
395 96 140 127 113 115 113 113 113 113 72 76 74 74 74
Combined outflow (335+355+375) 1084 1431 974 864 864 800 757

Created By: JAM

Muller Enginegi_r? Company
P:\07-012.01 Castle

Rock On-Call\07-012.14 McMurdo Gulch Final Design\07-012 McMurdo Gulch\exceNSWMM Scenario Results - Option 2.xIsxSWMM Scenario Results - Option 2.xIsx
















Pond 335

Stage-discharge (original Stage-discharge Stage-discharge (EURV
master plan model) (Corrected original model) retrofit model)
15 15 0 0.00 0.00 0.00 0.00
55 55 0 0.50 0.32 0.50 0.32
6.5 6.5 62 1.00 0.46 1.00 0.46 12
7.5 7.5 83 1.50 0.56 1.50 0.56
8.5 8.5 187 2.00 0.65 2.00 0.65 e —
9.5 9.5 371 2.50 0.72 2.50 0.72 10
105 105 637 3.00 0.79 3.00 0.79
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8.00 125.47 8.00 5725 —4— Stage-discharge (original master plan model) == Stage-discharge (Corrected original model)
8.50 187.68 8.50 117.48 Stage-discharge (EURV retrofit model)
8.90 251.71 8.90 179.97
9.00 269.72 9.00 197.60
9.50 372.14 9.50 298.15
10.00 495.68 10.00 419.85
10.50 641.15 10.50 563.54
10.60 672.95 10.60 594.99









Pond 355
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(original master plan
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model)
0.00 0.00
0.50 0.18
1.00 0.27
1.50 0.34
2.00 0.39
2.50 0.44
3.00 0.49
3.50 0.53
4.00 0.56
4.50 0.60
5.00 0.63
5.50 1.50
6.00 1.57
6.50 1.63
7.00 40.71
7.50 117.07
7.60 135.95
8.00 222.77
8.70 417.03

=
o

O P, N W » 01 O N 0 ©

-

-

-

-

T N N NN Y.

-

o ™

100 200 300 400 500

—4— Stage-discharge (original master plan model)
——Stage-discharge (Corrected original model)
Stage-discharge (EURV retrofit model)

600




A-11



A-12



Pond 360
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Pond 390

Stage-discharge Stage-discharge Stage-discharge

(original master plan (Corrected original (EURV retrofit
model) model) model)

0 0 0 0.00 2.00 0.00 0.24
2 4 15 0.50 4.00 0.50 0.40
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