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Background — Pennsylvania Stormwater

Regulations

* Projects must meet volume reduction and water quality
requirements specified in an applicable Department approved
and/or current Act 167 Stormwater Management Plan;

for storms up to and including the 2-year 24/hour
storm event when compared to preconstruction runoff volume and
water quality.




Background — Pennsylvania Stormwater

Regulations

* Volume Control Guideline 1 (CG-1): Very commonly used

* Do not increase the post-development runoff volume (2-year/24-hour
event)

- Existing non-forested pervious areas considered meadow in good
condition

» 20% of existing impervious area considered meadow in good condition
(pre-development)

* Volume Control Guideline 2 (CG-2): Not commonly used
* Not applicable for regulated activities with earth disturbances > 1 acre
« Stormwater facilities sized to capture at least the first 2" of runoff from all
contributing impervious surfaces
* At least the first 1" of runoff from new impervious surfaces shall be
permanently removed
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Infiltration Not Feasible — Previous Process

* Previously accepted approaches:

« Underdrains
» Controlled dewatering (between 24 and 72 hours)

« Shutoff valve for underdrain that would only be open for the purpose of maintenance
activities.

- Wet Ponds (in certain instances) 4@_@_@
- Worksheets 12/13 — Water Quality (BMPs in series) | ™" outow
Fig. 8-1. BMPs Connected in Series
Removal EfﬁCiEnC‘," Equation for removal efficiency of BMPs in series:
155 TP NO, R:'—H(l—rf)
6.4.2 Infiltration Basin 259, 859 30% R = Removal efficiency of n BMPs in series.
r; = Removal efficiency of BMP,
6.6.4 Water Quality Filters & Hydrodynamic Devices 60% 50% 20% The removal efficiency R of the above three BMPS in series is,
R=1-{(1-r)*(1-1r,)*(1-1;)}
6.4.8 Vegetated Swale 50% 50% 20%
Combined Removal Efficiency for BMPs in Series (R) | 97.0% | 96.3% | 55.2%




Infiltration Not Feasible — MRC Approach

- Managed Release Concept (MRC) was introduced by the PADEP
to establish guidance for project areas or subareas where

Infiltration is considered infeasible to meet regulatory requirements
under §102.8(g)(2)

* Intention of MRC Is to replicate the stormwater volume reduction
and water quality benefits of conventional infiltration BMPs and to

protect and improve geomorphologic processes within downstream
receiving waters.



MRC — White Paper

» General objectives of the MRC:
- Manage the 2-year volume increase;
* Provide WQ treatment (via media and/or pre-treatment); and
* Provide means for infiltration (when conditions permit).

- Refer to the MRC white paper for more information



https://files.dep.state.pa.us/Water/BPNPSM/StormwaterManagement/ConstructionStormwater/Managed_Release_Concept.pdf

MRC Design Standards

« 1.2"/2-hour storm event

* Release Rate

* Internal Water Storage (IWS)

* Equivalent Impervious Area

* Geomorphologic Peak Flow I\/Ianagement
* Infiltration Testing

» Separation Distance

» Ponding Depth/Dewatering Time

» Underdrain Design

- -




1.2”/2-Hour Storm

* Runoff from the 1.2°/2-hour storm from the
should be treated by the MRC without overflow (i.e. it must flow

through only the underdrain) e e e
» 1.2 inches of rainfall is equivalent to E@F
1.0 inches of runoff from impervious N x
SUI’faC es U Sln g th e NRCS curve General HaiﬂfjﬁanimeSpanIFlepnrtslUnitH_l.Ju:IIrUIAdvancua_u:!wﬁ;:rznjl
number methOd. Nwert ooooo terEMI;'“Manual2!04 Mo S
» The 2-hour distribution is a pasente | Sombuser e otk
common practice used to develop a Rt
short duration rainfall pattern for .- {'r B} el el
analyS|S %ﬁ’ Import Events From... | Dela)l | Wiew Al |
o | Cancel | fpply | Hep |




1.2”/2-Hour Storm

* The 1.2°/2-hour volume and rate must be analyzed via the
Weighted Q method

g Calculation Settings x

.............................

Mirirnum T [minutes] |a/S Ratio: R ainfall Smoothing:
[6.0 = o [4uta =]
™ Use composite CM for each subcatchment [weighted-CMN)

i o Calculate separate runaff for each CH MW eighted-C
= Calculate sep riauz runoft [SBUH weighting)

[T Treat Unconnected Impervious as Pervious
[¥ Beport Pervious/mpervious areas [ and CHAC values
[+ Boundintemal CH & C values to match displaped salues
[v Roundinternal Te values to match dizplayed wvalues

[T Calculate pet ovs for reverse outlets

[T Anticipate initial tailvater Set Defaults |

] Cancel Apply | Help |




Weighted Q vs. Weighted CN

* Weighted Q: Runoff is calculated for each individual CN
* Weighted CN: Runoff is calculated for the average CN

&, Edit Subcat DA-4A - MRC Example - Bioretention Basin X Weighted Q:
Soil Q Runoff
General Area | Tc I Motes I Cover Type Tyc:e Area (sf) |Area(ac)| CN s | 1a(0.2*s) |Runnoff' | Volume? (f)
{in)
Line| Area [acres) |EN |Descrintinn | A Meadow D 40510.8 0.93 78 | 2.82 0.56 0.12 395
1 10930 78 Meadow, non-grazed, HSG D Impervious D | 128066.4 2.94 | 98 | 0.20 0.04 0.99 10,519
2 12940 98 Paved parking, HSG D TOTAL: 168577.2 3.87 10,914
3l
4 .
Weighted CN:

5 Soil Q Runoff
B Cover Type Tyc:e Area (sf) | Area(ac)| CN S la (0.2*S) | Runnoff! | Volume? {fts)
i {in)
g v H 168577 | 3.87 | 93 | 0.75 | 015 0.61 8,585

. TOTAL: 168,577 3.87 8,585

Total &rea: [acrez)  Weighted CN:
|3.B?D |EIS Lookup CM... | 1. Runoff (in) = Q = (P-0.25)2 / (P+0.85) where
; P = 2-Year Rainfall (in)
[¥ Large areas [ Import areas automatically $ = (1000/CN) _fm
2. Runoff Volume (CF) = Q x Area x 43,560 x 1/12
ok | Concel | A | Hep | Q = Runoff (in)
i HEp Area = Cover Type Area (ac.)




Release Rate

 The 1.2”/2-hour storm release rate from the MRC should not
exceed 0.01 CFS per acre of

* This release rate is approximately the expected rate of interflow
(lateral movement of stormwater to a stream) after a 2-year/24-
hour storm event.

* Releasing at this rate will produce a condition where baseflow
contributions will be similar to that of an undeveloped area during
and after storm events.



Equivalent Impervious Area

. IS equal to the total volume of runoff
(acre-feet) reaching the MRC generated during the 1.27/2-hour
storm divided by 0.08333 feet




Calculating Equivalent Impervious Area &

Release Rate
Rainfall:

Proposed Conditions:

. Q Runoff
Cover Type :yog:le Area (sf) | Area(ac)| CN S la (0.2*S) | Runnoff’ | Volume? (ft®)
(in)
Meadow D 40,511 0.93 78 | 2.82 0.56 0.12 395
Impervious D 128,066 2.94 98 | 0.20 0.04 0.99 10,519
TOTAL: 168,577 3.87 10,914
0.251 Ac-ft

1. Runoff (in) = Q = (P-0.2S5)2 / (P+0.8S) where
P = Rainfall (in)
S =(1000/CN) - 10
2. Runoff Volume (CF) = Q x Area x 43,560 x 1/12
Q = Runoff (in)
Area = Cover Type Area (ac.)




Calculating Equivalent Impervious Area &

Release Rate

MRC Equivalent Impervious Area [Acres) = Total Volume (Ac-ft) * 12 * 0.01

0.251 Ac-ft = Total Volume of runoff generated during the 1.2-inch/2-hour storm

0.0833 ft = Conversion factor

=0.251 Ac-ft / 0.0833 ft
3.007 acres

MRC 1.2IN/2HR Storm Event Rate = MRC Equivalent Impervious Area (Ac.) * 0.01 (cfs/Ac.)
= 3.007 acres * 0.01 cfs/acre
0.03 cfs

Remember — the 1.2”/2-hour rate leaving the MRC must be less than or equal to this rate.



Internal Water Storage (IWS)

* WS Is the material between native soil and the lowest structural
outlet (i.e. the outlet for the underdrain)

* Media Types: Soil or Gravel
* 1" minimum / 2" maximum depth
* 4" maximum “total media” depth (IWS + additional media)

- |If the MRC Is vegetated, the IWS should be modeled as 50% of
the chosen media typical void space

 Soil media typically modeled as 30% voids. For vegetated MRC, the IWS
would be modeled as 15% voids, and additional media outside of the
minimum 1’ IWS would be modeled as 30% voids

- |If the MRC Is non-vegetated, the IWS is modeled at 0%



Internal Water Storage (IWS)

Figure 3: Managed Release Concept Where In-Situ Soils are Suitable in Relation to
Groundwater/Seasonal High Water Table
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Internal Water Storage (IWS)

Figure 6: Managed Release Concept Where In-Situ Soils are not Suitable in Relation to
Bedrock/Hardpan
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MRC Components — Liners

 An MRC should not have an impervious liner installed unless
environmental or geological conditions necessitate use of a liner,
or If an existing structure would be damaged as a result of not
lining the facility.
- Examples include BMPs located adjacent to a constructed fill slope, BMPs

located within contaminated soils, BMPs located in an area of known karst
soil conditions.

- |If a system is lined — IWS starting elevations as follows:
* Lined — start at upturned elbow (0% IWS storage)
* Unlined & aboveground/vegetated — start at bottom
* Unlined & belowground/non-vegetated — start at upturned elbow



Geomorphologic Peak Flow

* The peak flow from the post-construction 2-year/24-hour storm
event should be managed to be less than or equal to the pre-
construction 1-year/24-hour storm event

 Typically this is taken at the POI/POA — but there can be room for
other approaches
» Post-Development MRC DA analyzed with Pre-Development land covers

» Post-Development MRC DA overlayed on and adjusted to follow Pre-
Development DA (see following snips)



Geomorphologic Peak Flow

Pre-Development DA

CEL




Geomorphologic Peak Flow

Post-Development

DA to MRC Basin

CEL




Geomorphologic Peak Flow

Pre-Development DA

Post-Development
DA to MRC Basin

1-YR Pre-Development DA

follows of
MRC and then follows

pre-development contours

CEL




Infiltration Testing

« “At a minimum, one infiltration test for every 40,000 square feet
(0.92 acres) of disturbed acreage should be performed Wlth a
minimum of four tests, equally distributed across the site.”

* The minimum number of tests can be reduced If it can be
demonstrated that the subsurface conditions are uniform; however,
this is considered a deviation from MRC Design Standards,

requiring an individual permit.

* Tests should be performed at the bottom elevation of the BMP (i.e.
the bottom of the IWS)

* Test should be performed near the location of the BMP, preferably
within the footprint of the BMP




Separation Distance

* 1" minimum separation between the bottom of IWS/soil media and
evidence of a Seasonal High Groundwater Table (SHGWT) (2’
preferred). This is determined during infiltration testing (i.e.
mottling and/or redoximorphic features).

* |f 1" separation cannot be provided, consider MRC with constructed
wetland.

* No minimum separation between the bottom of IWS/soll media and
bedrock/hardpan

* The White Paper does not specify a separation to
coal/carbonaceous material, but as with other BMPs in the PCSM
manual, but we typically maintain a minimum of 2’



Ponding Depth/Dewatering Time

* Maximum ponding depth (above media) for the 2-year/24-hour
storm is 2’ (1’ preferred)

- Maximum ponding depth (above media) for any event greater than
the 2-year/24-hour storm is 4’

* Dewatering time is dependent on MRC type
» Surface MRC = 72 hours (maximum)
» Subsurface MRC = 7 days (maximum)
* No minimum dewatering time



Underdrain Design

Vegetated

* Depending on in-situ soll infiltration capabilities, the underdrain can
be located at the bottom of the IWS or within the IWS

* “If on-site undisturbed soils are unsuitable for the purpose of
providing IWS, an additional one to two feet of suitable soil media
should be provided below the underdrain.”



Underdrain Design

Non-Vegetated
* Underdrains should be located at the bottom of the IWS to

promote movement of water from previous storms (i.e. to flush the
water out)




PCSM SPREADSHEET EXAMPLE

Structural BMP Volume Credits: No. Structural BMPs: 2 Start BMP Numbering at: 3
N\
| tal] Vol Infiltrati St
BMP () . neremen oume | WARFAton | |nfiltration | Infiltration Vegeta-[ Media S 41filtratit% ET Credit
DP No. No BMP Name E Discharge | | BMP DA | Routed to |/ Vegetated Rate (in/hr) | Period (hrs)| ted? | Depth (ft Volume Credit (CF) (CF)
' (acres) | BMP (CF) | Area (SF) 5 (CF)
oos | 3 Rain Garden / v || offsite 3.87 25,744 | 11,900 0.00 24 Yes 2.0 10,854 0 6,259
Bioretention
006 | 4 Rain Garden / v || offsite 5.84 37392 | 12,025 0.00 24 Yes 2.5 14,673 0 7,756
Bioretention \ /
\J Totals:  \__/ 14,016
INFILTRATION & ET CREDITS (CF): 14,016

< MANAGED RELEASE CREDIT (CF): 49,120 >
7‘

NET CHANGE IN VOLUME TO MANAGE (CF): 46,604
TOTAL CREDITS (CF): 63,136

VOLUME REQUIREMENT SATISFIED




MRC Variations

- Commonly Used Applications:

« Surface
» Bioretention Basin/Infiltration Basin
* Constructed Wetland

* Subsurface
* Prefabricated Systems
- Perforated Pipes



Bioretention Basin/Infiltration Basin
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Bioretention Basin/Infiltration Basin

SHEET C909)

TOP OF STRUCTURE
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R N A
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PRECAST (FAR SIDE. 'OF STRUCTURE) INV.=1212.50 N Rl
CONCRETE FRONT VIEW INV. = 1210.00 MIN. 6" CLEAN-WASHED STONE SIDE VIEW NO. 57 AGGREGATE
BASE - ) ’ ABOVE AND BELOW UNDERDRAIN -




Bioretention Basin/Infiltration Basin

g Pond 4P Customn Stage Data Storage

Descrption:
Custom Stage Datd

[T Al Esfiltration

Embed Inside:

iNnthing ;I

>

“atage Typer— Starage Mulbiplier:
% Surface Area ;'I o0 -
™ Incremental Starage b :
i~ Cumulative Storage iH"-"'jS: ["f]
Line | Elevation Surfacesfrea [Voids ~
[feet] [zg-ft] [%]
1 1,211.50 12,025 0.0
2 1,21250 12,025 15.0
3 1,213.00 12,025 300
4 1.214.00 12,025 0.0
4 1.216.00 14,725 100.0
G 1,218.00 17,560 100.0
i 1.220.00 20,800 100.0
g W

v Stage Yoids

Shape: ; Frizmatic = i

OF. | Cancel

[T Usze Large units

[v Recalculate storage at any elevation

Help

g Edit Pond 3P - 324-420 HYD-POST-IMPORT b & Pond 5P Custom Stage Data Storage x
T I Allow Exfiltration
General  Storage l Elutlets! T ailwater .-’-‘-.dvanc:ed! MHotes i Weric ik :
Intermal \Water Storage] Embed Inzide:
# |Invert ifeet] | Description |Inside | !Nothing vi
11 121150 Internal \w'ater Storage ~Stage Typer—— | Storage Multiplier:
2 1121250 | Soil Media % Suface Area im—ﬂ
. 1.214.00 Open YW ater Storage € Incremental Storage 5 =
BOttom Of Ba.S|n / 4 " Cumulative Storags Wioids: [(:]
at Native Soil : frs0 :
£ . ;
Lire | Elevation Surface-frea A
[feet] [z0-ft]
) 1 1.211.50 12,025
1’ Internal Water Storage (IWS) 2 |1z1250 12028
]
at 50% media void
&, Pond 5P Custom Stage Data Storage » &, Pond 2P Custom Stage Data Storage X

Description:
[Soil Medid Embed Inside:
Mothing
Stage Type: Starage Multiplier;

' Suface Area
" Incremental Storage

1.00

" Curulative Storage Yoids:

IBD.D

[~ dsllows Esfilration

Alr

ing |Elevation | Surface-frea
[feet] [sg-ft]

1 121250 12,025

2 |1.213.00 12025

3 |1.214.00 12.025

>

[T &llow Exfiltration

Description:
Open S[Dragﬂ Embed Inside:
INnthing vI
Stage Type: Staorage Multiplier:
& Surface drea 100 B
" Incremental Storage _ =
" Cumulative Storage Yoids: %)
[1o0.0 =
Line | Elevation | Surface-dres ~
[feet] [zg-ft]
1 [1.22400 11.900
2 [1.22600 14750
3 [1.22800 17.825
4 [1.23000 21125

LEL




Bioretention Basin/Infiltration Basin

g Edit Pond 4P - 324-420 HYD-POST-IMPORT

Eenerali Storage  Outlets iTainater .-'-‘«dvanc:edi Motes i

Tip: Far gtandpipes and other compound
autlets, enter the final outlet device FIRST.
Click here for details.

Edit Outlet... I

1’ Internal Water Storage (IWS)
—| at 50% media void

First orifice set above the

1.2”/2-HR storm water
surface elevation (WSEL)

B Elrwert [feet] |Description |Routing |
1 1121000 QOutlet Cubvert Frirnary

2 F1.21250 Upturned E lbow Device 1

4 F1.218.00 | Outlet Contra Device 1

5 F1.218.50 Emergency Spillway MNa. 4 5 B O T
5

7

a

3

10

11

1.18’ ponding depth for

2-YR storm (2’ maximum)
Measured from top of media (1224.00)

k. Canicel Apply ! Help

3.04’ ponding depth for

100-YR storm (4’ maximum)
Measured from top of media (1224.00)

@ Pond 4P MRC Basin Mo, 3 - 324-420 HYD-POST-IMPORT

mary | Hydrograph Qischargel Sjnragel F'rnﬂlelEF_ventsg Si;ingl

e YR 12.91 0.71

g

Cutflow Primary Secondary Elevation

(cfs) (cfs) (cfs) (feet)

0.00 121497
1,214.66

2R 16.00 1.65

: . 1,215.18

10-YR 2398 350 3.50 000 1,21587
YR 3342 4.80 4.80 000 1,216.67
100-YR 3r.ar 1,21 T.{HI




Constructed Wetland

0+ 00

PROPOSED CONSTRUCTED WETLAND
MANAGED RELEASE CONCEPT BASIN NO. 1

QUTLET CONTRO!
RIM=1180..

INV. OUT (15"SE)=1176.00

50.0 LF 15" HDPE @ 4.0%

PROPOSED ANTI-SEEP "
COLLARS

SPREADER NO. 1

PROPOSED PIPED LEVEL

[ ZONE 1: OPEN WATER (PERMANENT POOL 18" — 48" DEPTH)

[] ZONE 2: LOW MARSH ZONE (6" — 18" DEPTH)
EMERGENCY SPILLWAY

[1 ZONE 3: HIGH MARSH ZOME (0" — 6" DEPTH)




Constructed Wetland

TWO (2) 12'W x 4"H
RECTANGULAR ORIFICES
TRASH RACK ] TOP OF STRUCTURE INV.=1179.35
(REFER TO DETAIL 1180.25 (ONE ON FAR SIDE OF STRUCTURE)

8, SHEET C801
) 100-YEAR PEAK EL.=1180.33

S0-YEAR PEAK EL.=1180.09

10-YEAR PEAK EL.=1179.59
2-YEAR PEAK EL.=1179.41
—/ O PR I (SEE DETAIL 9
TWO (2) 12'W x 4"H e ——y | gt ) ON CBO1)
RECTANGULAR ORIFICES ZONE 3 EL. 1178.50 TO 1179.00 . s
INV.=1179.35 LR T
_ : : T e e e e e e 15" DIA.
: = st £ . ad”
= WALL THICKNESS PER =« . - = ~ . i T / I?IL:I’TEET‘H?F;SIF?Q%
-+ " STRUCTURAL DESIGN L | B 1
el Br omieRs | ZONE 1 EL. 1175.50 TO 1177.50
e P - RS | I
A 'o A W e ,‘a: '.
_"‘ a e . :
PRI
R a
.'v“ . '. f
-4 P . .
: . L
T a2 3 .
—r— — - —
@ @ o a, UNCOMPACTED SUBGRADE
i R G "
32520 5222525 52522 3202090€222202022
32522 523 52525 52620252 305252020
R BRI RN SRR
15" DIA. OUTLET PIPE 8" THICK
(FAR SIDE OF STRUCTURE) COMPACTED AASHTO

ooucna?smﬁ FRONT VIEW INV. = 1176.00 SIDE VIEW NO. 57 AGGREGATE




Constructed Wetland

g Pond 4P Custom Stage Data Storage *
Description: [T &llows Exfiltration
Custom Stage Data Embed Inside:
iNDthing LI
Stage Typer————— Starage Multiplier; B :
% Surface Area F ottom of Basin
" Incremental Storage ;“:ID ﬁ ’/ at Native Soll
7 Cumulative Storage Yoids: 5
100.0 ﬁ
Line |Elevation | Surface-frea eter ~ 3.5’ Permanent Pool =
[feet] [s; [feet] __—1 Internal Water Storage +
1 1.175.50 3 46.0 /—
2 |1.176.00 205 96.0
3 117700 580 153.0
4 1117750 1,036 2800
5 117800 1.751 366.0
e Tea—Toe Notice — There are no actual voids applied
8 [risom 737 6.0 i to the storage data. Due to the nature of
Shope: [ireguar =] :: s e the constructed wetland and the required
o v ecalculale arage al any eleyakion _— .
= = permanent pool, the IWS/additional media
ance Help .
Is assumed to be the permanent pool.




Constructed Wetland

% Edit Pond 4P - MRC Example - Constructed Wetland >
Generali Storage  Outlets | Tailwater! .fl‘-.u:lvann::edi Motes ! First orifice set above the
g : 1.2”/2-HR storm water
# |Inver (feet] | Description surface elevation (WSEL)
1 117600 | Culvert Frimary
2 11.173.35 % 4" H Orifice Device 1 |
d 1118025 Tepe M Inlet Device 1
4 118075 | E Spill 5 d
5 MEIQEney QP metneay g Pond 4P: Constructed nd - MRC Basin No. 1 - MRC Example - Construct]
G Summary | Hwdrograph | Discharge Profile |E E'.rent5§ Si;ingl
i Event Inflow Chutflow inary Secondary  Elewvation
g 0.41’ ponding depth for (cts) (cfs) ( (cts)  (feet)
11 - Measured from top of media (1779.00) 1.2-N/2-Hour o d 0.00 0.007 117842
2-Year 4.46 0.09 0. : 1,179.41
Tip: For standpipes and other compound : , . 10-vear 7.80 0.78 0.78 0.00 1,179.59
outletz, enter the final outlet device FIRST. Edit Clutlet... I 1.33’ ponding depth for 25-Year 10.04 182 1.82 0.00 1,179.85
A 100-YR storm (4’ maximum) 5 11.89 243 243 0.00_1,180.09
Measured from top of media (1779.00) 100-Year 13.87 .78 : o 1180.33)|
k. Cancel Apply l Help 1




Subsurface — Modular System

—~ . INLET NO. 3 (JELLYFISH SURFACE INLET)

PROPOSED CHANNEL NO. 2
(NAG €125)

INV. QUT (15"S)=1118.32

502

PROPOSED CULVERT NO. 3
C801110.0 LF 15" HDPE @ B.0%

ey

RN

007

INV.

=1124.92
our (‘5'5)'!111

PROPOSED ANTI-SEEP —
=— caoo | coar (1vp)

| ———— PROPOSED MRC OUTLET 1A
——1110—45.0 LF 15" HDPE © 45.0% ‘Il

t
i ———
-— T
MANH . (N i
S s p— o
V. IN (15"N)=1002.75 LEE%2 <

INV. OUT (1575)=1080.55 T~

L
PROPOSED MRC OUTLET 1B
js ‘—1,?)0 LF 15" HOPE @ 5.0%

TOPSOIL STOCKPILE

PROPOSED LEVEL ﬂ
| caoo |

SPREADER NO. 3 | C800
i 1 ~




Subsurface — Modular System

1160
FERGUSON R-TANK TRIPLE MODULE
24" STONE BASE INV.=1113.00
R—TANK MODULE INV.=1115.00 gll'l‘TUﬂziOgNz'l'ROL STRUCTURE NO. 1
" STOME COVFR_INV.=1110 PROPOSED ACCESS ( =1124. MANHOLE NO. 3
[ ROAD/METER PAD INV._OUT (15"S)=1113.00 RIM=1097.51
1140 6" UNDERDRAIN ORIFICE INV. IN (15"N)=1082.75____ 1140
=111, INV. OUT (15"S)=1090.55
10"Wx12"H ORIFICE
INV.=1116.30
\/PROPOSED GRADE
~ 24" STAND PIPE NO. 3 -
£l = INV. (15%)=1089.80 | —1120 =
S e
z z
o o
= =
< NAG SC250 <
o1 1100 R=TANK UNITS WRAPPED PROPOSED 6" UNDERDRAIN /- 1100 o
X T WITH 8 0Z. NON—WOVEN WITH UPTURNED ELBOW — 3
(I GEOTEXTILE (OR EQUAL) INV. (6" WITH 0.4"¢ L
EXCAVATION WRAPPED WITH 30 CAR)=1114.00
MIL. PVC LINER BETWEEN TWO PROPOSED ANTI-SEEP ~
LAYERS OF 8 OZ. NON-WOVEN COLLAR (TYP.) ~
1080 GEOTEXTILE (OR EQUAL) orosen H—‘F 1080
450 LF 15" HDPE @ 45.0% j PROPOSED LEVEL
15.0 LF 15" HDPE @ 5.0%
1060 1060
3 8
+ +
0+00 1400 2400
SCALE H:1"=20"; v:1"=20"




Subsurface — Modular System

* HydroCAD has a handy built-in feature S rord 1157 e P - Coomoes T A
that allows the user to select from a s | V| e

&
. . - ABT #
variety of manufacturers and their systems
- ADS
B ADS_StomTech Rows: Cha
- Atlantiz il
-- Baughmar_Tile = |1_
g Select Mew Storage Type pe -- CityGreen Etrnent: [fEELt]
(- CHMP =
B asic Options: Wizards: - Concrete
Frismatoid - Contech
"v",artic:al Cone/Cylinder - CPP
E:;Easnti?éafﬁ:h -- Cudo_Stormwater
Frefab Chamber (- Cultec
Cusztom Stage Data - DeepFoot
-- ecolChamber
- ECS
ok Cancel Help - ERA,
=R Ferquson
Ity waiting for df
- R-Tank LD
P R-Tank =D
- GeoStorage
-- Graf
-- GreenBlue




Subsurface — Modular System

g Pond 1P: Managed Release Concept Mo, 1 - Chamber Wizard Field A

O *
Chamber Cost,  [$/ea) Excavation: [$/cv]  Stone: [$/cw)
000 ﬂ 000 ﬂ 000 =
Ferguson R-T ank HD Additional M aterials: I™ Show Casts
e 167 w B04'H o> 551 41w 2 L~ 125 f B [Dessiptin Jspice |

[~ Usze typical zpacing MNumber of Bows: Chambers per Flow:

Fow Spacing:  [inches) I15 i’ |4D il

ID.D : Row Adjustrent:  [feet]  Headers:

[o00 il o i’

Side Stone: [inches)
[z40 i’

End Stone: [inches)
240 ﬂ

-

Stone Cover. [inches)
120 =

-

Stone Baze: [inches)
240 -
Side-Z: [run/rise]
on =

Field Description:
Field &

Stone Voids:

I~ allove Exfiltration

0K | Cancel | Help | Frint | E xport |

CrrrE

40 Chambers/Row x 2.35' Long = 93.83 Row Lengt
End Stone » 2 = 97.83' Baze Length

15 Rows » 157" Wide + 24.0" Side
width

% 2=2369 Baze

Bottom of Basin
at Native Soll

24.0" Stone Baze + 5
Cover = 7.20' Figf

E00C] rs w123 cf = 7,369.0 cf C

1’ Internal Water Storage (IWS)
at 0% voids (unvegetated)

Chambers » 12,9 cf = 7.756.8 cf Displacement

16.682.3 cf Field - 7.756.8 of Chambers = 8,925.5 cf Stone »
40.0% Voidz = 3.570.2 cf Stone Storage

Chamber Starage + Stone Storage = 10,939, 226008108
Overan Sioreg=EHiciency = 65.6%
Owerall Syztem Size = 37 o3 2289w 7 20

£00 Chambers
£17.9 ey Field
3306 cy Stone

@ Edit Pond 1P - MRC Example - R-Tank >
Generall Storage  COutlets !Tailwater! .-'-‘«dvanu:edi Mates I
# Flrwert [feet] |Description |Routing | ~
1 [1.09055 | Outlet B Frirnary
> 1111200 Outlet & Device 1
1.114.00 Upturned Elbow Device 2
1.116.30 Orifice/Grate Device 2
5 |
6 |
7 |
3 |
EN
10
m W
Tip: For standpipes and other compound i
outlets, enter the final outlet device FIRST. Edit Qutlet...
ick here for details.

0 g Edit Pond 1P - MRC Example - R-Tank

Generall Stnragel Dutletsl Tailwater Advanced | Motes I

Starting Elew: [feet]

|-| 14000 ﬂ [T Automatic Starting Elev.
Baze Flow: [cfz]

I il [~ &utomatic Base Flow




Subsurface — Modular System

&, Edit Pond 1P - MRC Example - R-Tank

General | Storage Outlets I Tailwater | Advanced | Notes |

Tip: For standpipes and other compound
outlets, enter the final outlet device FIRST.
Click here for details.

Edit Outlet... I

# fnvert [feet] | Description | Routin A
1 11,09055 OutletB Primary

2 |1.113.00 OQOutlet A Device 1

3 [[1.174.00  Uptuned Elbow Device2 |4
4 111,116.30 ifi rate Device 2

5

6

7 .

8

9
10
11 iV

1’ Internal Water Storage (IWS)
at 0% media void

g Edit Pond 1P - MRC Example - R-Tank

Generall Stl:uragel Dutletsl Tailwater Advanced | M otes I

Starting Elev: [feet]

First orifice set above the
1.2”/2-HR storm water

1.49’ ponding depth for

el I‘I 1400 ﬂ [~ Automatic: Starting Eley.

Basze Flow: [cfs]

I il [~ &utomatic Base Flow

@ Paond 1P: Managed Release Concept Mo, 1 - MRC Exa.. —

surface elevation (WSEL) \.. Event Inflow Primary Elevation Storage

2-YR storm (2’ maximum)
Measured from top of media (1115.00)

oK Cancel Apply l Help

3.99’ ponding depth for

100-YR storm (4’ maximum)
Measured from top of media (1115.00)

(cfs) (cfz) (feet) (cubic-feet)

1-YR : 0.06 1,116.37 4522

1.212HR 1.15 ) 1,115.23 2,300

1,116.49 4739

a-Th 403 Y 1, T Th as |

10-YR 575 241 1117.23 5,188

25-YR 762 398 1,117.80 7,204

50-YR 9.41 499 1,118.35 8,366
= 1,118.99 0,509 |




Subsurface — Pipe System

[\ INV.=721.02" MANHOLE - | — N
v-=721.02 RIM=725.42 M 726'.—J
/ INV. IN (15"E)=719.94
/ INV. IN (6"N)=721.33

= INV. OUT (24"S)=719.67
s 17 LF 24" HDPE @ 1.0%

o
o

=
718.22

~===£
=

P
i

™~ B S ~ — . “n _ﬁ‘v =

) 5 kllz‘l{: _Zj\HDPE @ 1.0%=L ~ ===

S~ OUTLET STRUCTURE _ fme—n =
. RIM=723.86 (0S-1)




Subsurface — Pipe System

CONNECT TO
MANHOLE 1
I 6 ROWS OF 24" PERFORATED HDPE 120 LF 0.0% ,,/’_'(4) 4" SCH. 40 PYC PERFORATED UNDERDRAINS
MAMHOLE 2 [ ;i
INSPECTION /FLUSHING
PORTS (4 TYP.)
TEE CONNECTION H
(TrP.) CROSS TEE
OUTLET

7 STRUCTURE 1

120°
I
CONMNECT TO

CATCH BASIN 3

CONNECT TO
CATCH BASIN 1
PLAN VIEW




Subsurface — Pipe System

PROPUSED TINISHED GRADE

AASHTO MO, 57 AGGREGATE
R PROPOSED PEMENT e i i b i b i

0002050202020 20%0 20 %0 20 202 %0 20 20 202

24" DIA HDPE 24" DIA HDPE

24" DIA HDPE 24" DIA HDPE 24" DA HDPE 24" DA HDPE
(PERFORATED) (PERFORATED) (PERFORATED) (PERFORATED)

(PERFORATED) (PERFORATED)

24"

O

PSS S

18" 24" 18" 19"
) i "
" " 4" SCH. 40 PVC _/
= 47 SCH. 40 PVC 47 SCH. 40 PVC 4" SCH. 40 PVC PERFORATED UNDERDRAIN
PERFORATED UNDERDRAIN PERFORATED UNDERDRAIN PERFORATED UNDERDRAIN
CROSS SECTION GEQTEXTILE (8 0Z., NON-WOVEN)




Subsurface — Pipe System

SOLID INLET GOVERS

FINISHED GRADE/CONCRETE COLLAR
PENNDOT TYPE § INLET BOX WITH EL = 723.85
TWO (2) TYPE M INLETS WITH
SOUD INLET COVERS
S R S— = —

18"W ¥ 4"H RECTANGULAR WEIR SRR | TOP OF CONCRETE WEIR WALL EL.=722.217
INV.=721.588 E

=
B

TOF OF STONE COVER EL.=722.18

4" STONE COVER (AASHTO NO. 57) \

IE"W X 3"H RECTAMGULAR ORIFICE —
INV.=720.80

|™— 100-YEAR STORM PEAK ELEVATION = 722.14

[™— 50-YEAR STORM PEAK ELEVATION = 721.94
| — 10-YEAR STORM PEAK ELEVATION = 721.32

L~ Z-YEAR STORM PEAK ELEVATION = 720.91
L~ 1.2" STORM PEAK ELEVATION = 720.65

—— 6" THICK COMCRETE WEIR WALL.
MATCH WIDTH OF INLET BOX.

|
NN

[ L
DA

CONNECTION TO UNDERGROUND — 11 Ti+3 1
MRC DETENTION SYSTEM
(247 HDPE) INV. EL. = 719.50

PLASTIC LADDEREAR (TYP.) — |
LOCATE ON FREE SIDE OF INLET BOX
REFER TO "PLASTIC MANHOLE/INLET STEP” DETALL

24" STONE BASE [(AASHTO NO. 57) — g /24' HDPE OUTLET CULVERT
INY. ELEV.=718.50

47 SCH. 40 PVC SOLID PIPE — |

N7
INV.=718.50 4 B AN \\/\\/\K/
7 OANANAN NRIK /x //\\ N 12" COMPACTED AASHTO
4" SCH. 40 PVC PERFORATED 50" MAX. NQ. 57 CRUSHED STONE
PIPE UNDERDRAIN INV.=717.50
0.5” DIAMETER ORIFICE PENNDOT TYPE 5 INLET BOX
DRILLED THROUGH WEWR WAL TWO (2) TYPE M INLETS WITH SOLID INLET COVERS

NOTES:

1. PROVIDE MATERIALS AND PERFORM WORK IN ACCORDANCE WITH THE
LATEST EDITION OF THE PENNDOT PUBLICATION 408 SPECIFICATIONS

2. CONTRACTOR SHALL PROVIDE WATERTIGHT CONMNECTION AT ALL JOINTS
AMD CONNECTIONS. FOLLOW MANUFACTURER'S RECOMMENDATIONS FOR
CONNECTION.




Subsurface — Pipe System

@ Pond 1P: MRC UNDERGROUMND DETEMTION SYSTEM - Chamber Wizard Field A O > - )
g Edit Pond 1P - MRC Example - Perforated Pipes >
S Chamber Cost:  [$/2a]  Excavation: [$/cv]  Stone: [$/cw]
— non = nan = nan = .
£ ;24" -] 1 j ! j I j General i Storage  COutlets ! T ailwater | &dvanced ! M ates |
ADS N-12% Fipe Additional Materials: [™ Show Costs S :
Inside= 23,8 % 23.8°H => 3.10 sf x 20,001 = 520 cf e e : # bnwert [feet] | Descrintion [Routing | ~
Outzide= 280"« 28.0"H =» 3.92 «f « 20001 = 734 of ; B Otto m Of B asin B ! F17.80 E wfiltration Dizcarded
[~ Uselypical spacing  Mumber of Bows: Chambers per Row: |5 , > at N at I ve SOI I ) 2 |71a50 24" HOPE Outlet Culvert Prirnary
s s B :I C :i 3 | 718,50 Orfice/Grate Device 2
51 a0 = iHDW Adjustment:  [feet] Headers: 25.0"wide + 18.0" Spacing = 46.0" C-C Row Spag 2030 OrificesGrate Device 2
. ; 3 0.00 — |2 = I Broad-Crested Rectangular \Weir Device 2
SIS A L £ Chambers/Pow x 20,00 Long +2.33 Heaf® « 2 = 124,67 E
;12-0 j Fiow Length +12.0" End Stone » 2 =J@8 BT Baze Length
End Stone: [inches) Edoniry ;
[120 - ,
&5 IR 1’ Internal Water Storage (IWS) 3
Stone Cover.  [inches) o . 10
40 : at 0% voids (unvegetated) e T
Stone Base:  finches) T 1 3gga3mbfetr; . EE'DEE +21.50' Header s 31057 # 2 = :
;24.0 = ~403.2 CF Lnamber Jiarage Tip: For ztandpipes and other compound -
Sider [luna"ris_eT HHHH H A 26 Chambers % 75.4 of + 21,50 Header s 392 sf 2 2 = l:lL:IHEtS, enter the fl_l"lEl| outlet device FIRST. Edit Cutlet... |
o0 = . ﬂ 2,992.0 cf Dizplacement ck here for details.
. - o
HHH Wi aq? =
Field Description ' o T 24 38 6 e . :
Fiold & ) o R 22, Edit Pond 1P - MRC Example - Perforated Pipes >
IRt Chamber Storage + Stone Storage = B.725.7
Stone Vaids: Overall Storage Efficiency = 48.4% .
Overal System Size o 126,67 » 23.50' x 4.67 General l Storage I Outlets ! Tailwater Advanced | Mates |
36 Chambers Starting Elew: [feet]
?Dg? o giteld |?1 250 ﬂ [ Automatic Starting Elevy.
¥ oy Stone -
¥ Allow Exfiliation et A
(]9 | Cancel | Help Print Export I ﬂ I™ Automatic Base Flow




Subsurface — Pipe System

2, Edit Pond 1P - MRC Example - Perforated Pipes ¥ Infiltration at Bottom of Basin
(Native Soil)
Generali Storage  Outlets | Tailwateri .&dvanced! MNotes l
B |lnvert [feet] IDescriEutil:un | R outin ﬂ 1’ Internal Water Storage (IWS)
1 71750 E wfiltration Discarded ’/ at 50% media void
2 |¥18.50 24" HDPE Outlet Culvert Frirary //
3 F18.80 Urifice/arate Device 2
; ;;Dgg Broad-Crested Rectangular DE“"FE : First orifice set above the o
: : 12”/2_HR storm water \ = Pond 1P MRC UNDERGROUMD DETEMTION SYSTEM - MRC Example - Per
7 Surface elevation (WSEL) B ry | Wizards | Hydrograph Qischargel Sturagel Pruﬁle" E'.rentsé E
2 Event Outflow Discarded Primary Elevation
g 1.43’ ponding depth for (cfs) (cfs) (cfs)  (feet)
10 2-YR storm (2’ maximum) [~ ﬁWR 2.35 0.10
11 = Measured from top of media (719.50) 12N/ == . 0.01 001~ 72069
YR 284 0.47 0. . 72093
Tip: For standpipes and ather compound ; . YR 362 175 0.01 174 72116
outletz, enter the final outlet device FIRST. Edit Outlet... I 2.64’ ponding depth for 10-YR 4.05 234 0.01 233 72134
Click here for details. 2-YR storm (4’ maximum) 251 482 3.07 0.01 306 72154
Measured from top of media (719.50) 50-YR 5 46 . 371 72194
100-YR 6.12 4.53 0.01 4, 722.14
ak. Cancel Apply | Help |




Contact Information

Julia Pflugrath, P.E.

Project Manager |l
Direct: 412.249.1596
Email: jpflugrath@cecinc.com



Questions?

CONNECT WITH US!

000000

WWW.Ceclinc.com




