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August 28, 2018

Mr. Dan Wilds

Montgomery County Engineering
501 North Thompson, Suite 103
Conroe, TX 77301

RE:  Woodridge Village Drainage Impact Analysis - Addendum
Montgomery County, Texas
LJA Job No. 2027-1002

Dear Mr. Wilds,

LJA Engineering has prepared this addendum to the Woodridge Village Drainage Impact Analysis.
The original report was completed in March 2018 and was subsequently approved by the Montgomery
County Engineering Department in April 2018. This addendum addresses the following: (i) updated
hydrology to account for changes in drainage areas to the proposed ponds, and (ii) updated hydraulic
analysis to account for changes in proposed pond configurations, pipe sizes, channel geometry/lining
and flowlines based on the latest design data.

Woodridge Village consists of approximately 268 acres of undeveloped land proposed to be converted
to residential area with detention ponds and a school site. In order to offset impacts associated with
developing the site, three detention ponds are proposed for the northern portion (Ponds N-1, N-2, and
N-3) and two detention ponds for the southern portion (Ponds S-1 and S-2). The site is proposed to
be developed in two phases, Phase 1 and Ultimate Conditions. Approximately 30 acres in the northern
portion of the site and 58 acres in the southern portion will be developed in Phase 1. Ponds N-1, S-1
and S-2 will be constructed during this phase. Note that Pond N-2 is already in place. The pilot channel
within Pond-N-2 and the channel immediately downstream of this pond will be graded during Phase-
1 in order to provide flowline continuity with other proposed structures. Pond N-2 will then be widened
during the Ultimate Development Phase. The remaining tract area and pond N-3 will also be
constructed as part of the Ultimate Development Phase. The proposed detention ponds and other
drainage facilities for both Phase 1 and Ultimate Conditions are shown on Exhibits 1 and 2 (see
Attachment 1).

The same methodologies and software utilized in the original report were applied to this analysis. Peak
flow values and hydrographs were generated in HEC-HMS using rainfall data provided in the
Montgomery County Drainage Criteria Manual (DCM), an exponential loss rate function with
parameters specified in the DCM, and Clarks Unit Hydrograph method. The hydraulic analysis was
conducted using EPA SWMM software.

Drainage areas W1 (draining to pond N-1) and W2 (draining to the channel downstream of pond N-2)
were revised. W1 was increased from 8.5 acres to 16.1 acres while effectively reducing W2 from 87.6
acres to 80 acres. The combined acreage of these two drainage areas remained unchanged. All other
drainage areas and total site acreage also remained unchanged. The proposed drainage areas are
shown on Exhibit 3 (see Attachment 1). Updated peak runoff rates from each subarea are
summarized in Tables 1 and 2 below while the detailed hydrologic calculations including Clark’s TC
and R parameters are provided in Attachment 2.

O:\LAND\2027\2027-1002\Report Addendum 2027-1002.docx



Mr. Dan Wilds
August 28, 2018

Page 2 of 3
Table 1: Subarea Flows (Phasel Development)
Subarea Area (acres) Q100 (cfs) Q25 (cfs) Q10 (cfs) Q100/Area
(cfs/ac)
w1l 16.1 57 47 39 3.5
W2 80.0 103 79 66 1.3
W3 41.7 44 34 27 1.1
W4 68.2 78 60 49 1.1
W5 61.2 140 111 93 2.3
W6 31.8 61 48 40 1.9
Table 2: Subarea Flows (Ultimate Development)
Subarea Area (acres) Q100 (cfs) Q25 (cfs) Q10 (cfs) Qs
(cfs/ac)
w1l 16.1 57 47 39 3.5
W2 80.0 236 191 161 2.9
W3 41.7 120 97 82 2.9
w4 68.2 204 165 139 3.0
W5 61.2 176 143 121 2.9
W6 31.8 107 87 74 3.4

The proposed SWMM models for Phase 1 and Ultimate Conditions were updated accordingly.
Changes to the hydraulic models included: (1) new stage-area data for the ponds, (2) updated
hydrographs to reflect new hydrologic data for subareas W1 and W2, (3) the originally proposed
concrete channel immediately upstream of the existing 36” HDPE was extended 150 feet upstream to
the junction location (4) the existing W-E channel downstream of Pond N-2 was regraded and new
cross-sectional data used in the analysis, and (5) outfall structure sizes and flowlines out of the various
ponds were updated to rebalance outflow and maintain no impacts downstream of the system. The
proposed hydraulic design is outlined on Exhibits 1 and 2 (see Attachment 1) while the updated pond
stage-areas are provided in Attachment 3.

The system was analyzed using normal depth tailwater for both conditions. The required detention
volumes and rates based on this analysis are summarized in Table 3. Detailed results including the
calculated 10-, 25- and 100-year water surface elevations (WSE) in each pond, as well as existing and
proposed conditions results comparisons are provided in Attachment 3. Note that the proposed ponds
provide a minimum of 1 foot of freeboard for the 100-year event in both development phases.

Table 3: Detention Volume and Rate

Phase 1* Ultimate Conditions**
Detention Detention Rate Detention Detention Rate
Volume (Ac-ft) (Ac-ft/Ac) Volume (Ac-ft) (Ac-ft/Ac)
Northern Portion Ponds
(N-L, N-2 . N-3) 121 0.75 154.2 0.75
Southern Portion
Ponds (S-1, S-2) 59.0 1.02 61.1 0.66

* Phase 1 includes only 4 ponds: N-1 and N-2 (regraded pilot channel) on the north, S-1 and S-2 on the South.
** Ultimate Conditions include all 5 ponds: N-1, N-2 (regraded and widened), N-3, S-1 and S-2.
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When the proposed drainage components are considered, development of the 268-acre tract to Phase
1 or Ultimate Conditions creates no adverse WSE impacts to neighboring developments or adverse
flow impacts to Taylor Gully. Based on these findings, the proposed development of the 268-acre
tract creates no adverse drainage impacts for events up to and including the 100-year event.

Should you have any questions or concerns, please contact me via email at pmbewe@lja.com or
713.380.4451.

Best Regards,

PRSSAARE
50 08 Wy
‘\Iﬁg G, &t l.
2 o EON ]
o % )
: gri LN XY
Ph¥||IS Mbewe, P.E., C(:jFI\I/I S vdra a PHYLLIS D. MBEWE #)
_ e R L LR TP eeengd
Project Manager — Hydrology and Hydraulics ,'%._ 195581 iE2
"Q "2«<f CE NSQ.(-)".'\‘&.;
PM/eW l S } ............ é C‘}:
NG ONAL B8
AAARNS S


mailto:pmbewe@lja.com

ATTACHMENTS:

Attachment 1: Exhibits

Attachment 2: Hydrologic Calculations
Attachment 3: Hydraulic Calculations
Attachment 4: DIA Report (Approved April 2018)

V'V VY

O:\LAND\2027\2027-1002\Report Addendum 2027-1002.docx



Attachment 1
Exhibits



DFs_Phase:

portAddendum\Exh1

e\GIS\_Exhibits_mxd\Re

2027-1002_Woodbr

|HBEL.=75.5'
100 WSEL= 74.24 FT

| 2-4'x4'x100' RCBs

US FL: 69.00
DS FL: 66.00

1 ]HBEL=75.5'
- | 100 WSEL=74.19'

EEE f.-.1"", -

Grass-Lined Channel

2-9'x7'x80' RCB |
|USFL: 65.50
| DSFL: 65.10
W T F

HB EL.=75.5'

100 WSEL=73.50 FT |
- | VOL=17.6 AC-FT

2

i1 ¥ -
2-10'x6'x100' RCB |-
US FL: 64.50

Grass Lined Channel
| L=120', BW= 35'
— SS: 4:1, D=7"
- |USFL: 68.50
|DS FL: 68.38

1-36 HDPE PIPE |
1 US FL: 64.11

e T
Concr.-Lined Channel
L=320',BW=8', D=9', SS: 2:1
USFL: 64.45
DS FL: 64.11

DS FL: 63.82

T

Montgomery
County

Project
Location

Note:

Feet
400 800 1,600

One Inch Equals 800 F eet

This exhibit shows pertinent items necessary to illustrate the
information described in the text and is not intended to include
all physical characteristics of the area.

Data Source:

Aerial Photography Nearmap 2016
Channel: TSARP 2001

Roads: StarMAP 2015

Legend

Conduits_Proposed
Type

e Culvert

@ Concrete Channel

@ Grass Channel

Tract_Boundary

7/A Detention Ponds
Avg. Lot Size: 1/7 acre

- Undeveloped

Exhibit 1
Drainage Facilities - Phase 1
WOODRIDGE VILLAGE

Date: August 2018 Job No. 2027-1002

LJA Engineering, Inc. IA




S gl i i‘j‘
oy A L)
et

_mxd\ReportAddendum\Exh2_DFs_Ultimate - 0818.mxd

ge\GIS\_Exhibits

H:\2027-1002_Woodbrid

|HBEL.=75.5'
100 WSEL= 74.48 FT |

2-4'x4'x100" RCBs |
US FL: 69.00
DS FL: 66.00

-y

SL S s B 80

|HBEL.=75.5'

1100 WSEL= 74.39 FT [

Grass-Lined Channel
500', XS-1

US FL=65.1,

DS FL=64.45

US FL: 65.50
DS FL: 65.10

2-9'x7'x80' RCB

HB EL.=75.5'
1100 WSEL=73.79 FT

Grass-Lined Channel

|USFL: 65.00
DS FL: 64.45

pia i
.+ | Grass Lined Channel
. {L=120, BW= 35'

SS: 4:1, D=7"

[ B e

USFL: 64.11
DS FL: 63.82
: s e _
2-10'x6'x100' RCB ;-;-‘
- US FL: 64.50 %‘

HB EL.=75.5'
| 100 WSEL=73.43 FT
"~ |VOL=42.5 AC-FT

| 1-4x4'x80" RCB |
USFL:66.00 |

1-36" x 290' HDPE PIPE [

Concr.-Lined Channel E

L=320',BW=8', D=9, SS: 2:1|" ‘o

US FL: 64.45

Montgomery

Project
Location

County

Note:

Feet
400 800 1,600

One Inch Equals 800 F eet

This exhibit shows pertinent items necessary to illustrate the
information described in the text and is not intended to include
all physical characteristics of the area.

Data Source:

Aerial Photography Nearmap 2016
Channel: TSARP 2001

Roads: StarMAP 2015

Legend

Conduits_Proposed
e Culvert

@ Concrete Channel
@ Grass Channel

,/A Detention Ponds

Tract_Boundary

|:| Avg. Lot Size: 1/7 acre

Exhibit 2
Drainage Facilities - Ultimate

WOODRIDGE VILLAGE

Date: August 2018 Job No. 2027-1002

LJA Engineering, Inc. IA




o

=

E
o
o
3

P
<
a
<

Propose:

portAddendum\Exh3

_Exhibits_mxd\Re

ge\GIS\

H:\2027-1002_Woodbrid

Project
Location

Montgomery

County
N N <
ey
~+
O_ZSN)_:H)OO_Z,O(;OEQ

One Inch Equals 1000 F eet

Note:

This exhibit shows pertinent items necessary to illustrate the
information described in the text and is not intended to include
all physical characteristics of the area.

Data Source:

Aerial Photography Nearmap 2016
Channel: TSARP 2001

Roads: StarMAP 2015

Legend

D Tract_Boundary
D Perimeter Dr. Areas
D Internal Dr. Areas

= Existing Dr. Areas

e County Boundary

KEY: P##
(##4)

Q100in CFS

Exhibit 3
Drainage Area Map (Proposed Conditions)

WOODRIDGE VILLAGE

Date: August 2018 Job No. 2027-1002

LJA Engineering, Inc. IA
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Hydrologic Calculations



Tc & R Calculations Phase 1 Development
Woodridge Village

Length of Longest Watercourse (mi)

S Channel Slope (ft/mi)
SO Avg. Basin Slope (ft/mi)
DLU Percent Urbanization
1 Effective Impervious Ratio
P Ponded Area (Leveed Ag Areas) as Percent
AP Ponded Area plus Area that Drains Through as Percent
Subarea Area Area Length Length N S So 1 Tc & R Tc R Acres of
(ac) (sq. mi.) (ft) (miles) (ft/mi) (ft/mi) (%) (hrs) (hrs) (hrs) Ponding
W1 16.1 0.02516 2,000 0.38 0.08 5.0 10.0 60.0% 1.203 0.46 0.75 0
w2 80.0 0.12506 3,700 0.70 0.08 5.0 10.0 9.2% 5.504 2.09 3.41 0
W3 41.7 0.06512 4,000 0.76 0.08 5.0 10.0 0.5% 7.025 2.67 4.36 0
W4 68.2 0.10651 3,500 0.66 0.08 5.0 10.0 2.0% 6.290 2.39 3.90 0
W5 61.2 0.09560 4,000 0.76 0.08 5.0 10.0 44.5% 2.552 0.97 1.58 0
W6 31.8 0.04973 2,500 0.47 0.08 5.0 10.0 23.0% 3.204 1.22 1.99 0

TC&R Phase 1




Tc & R Calculations Ultimate Development
Woodridge Village

Length of Longest Watercourse (mi)

S Channel Slope (ft/mi)
SO Avg. Basin Slope (ft/mi)
DLU Percent Urbanization
1 Effective Impervious Ratio
P Ponded Area (Leveed Ag Areas) as Percent
AP Ponded Area plus Area that Drains Through as Percent
Subarea Area Area Length Length N S So 1 Tc & R Tc R Acres of
(ac) (sq. mi.) (ft) (miles) (ft/mi) (ft/mi) (%) (hrs) (hrs) (hrs) Ponding
W1 16.1 0.02516 2,000 0.38 0.08 5.0 10.0 60.0% 1.203 0.46 0.75 0
W2 80.0 0.12506 3,700 0.70 0.08 5.0 10.0 60.0% 1.708 0.65 1.06 0
W3 41.7 0.06512 4,000 0.76 0.08 5.0 10.0 60.0% 1.785 0.68 1.11 0
W4 68.2 0.10651 3,500 0.66 0.08 5.0 10.0 60.0% 1.655 0.63 1.03 0
W5 61.2 0.09560 4,000 0.76 0.08 5.0 10.0 60.0% 1.785 0.68 1.11 0
W6 31.8 0.04973 2,500 0.47 0.08 5.0 10.0 60.0% 1.366 0.52 0.85 0

TC&R_Ultimate
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HEC-HMS Results
Phase 1 Conditions
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Sorting: ;Hyd.rulé:gic e

Show Elements: | All Elements

Compute Time: 07Jun2018, 08:558:28

Volume Units: (@) IN () ACFT

Hydrologic Drainage Area | Peak Discharge Time of Peak Volume
Element (MIZ) {CFz) {IM)
W1l 0.02516 3.3 011an2013, 12:40 0.89
W2 0,12506 69.5 011an2013, 14:10 5.496
W3 0.06512 27.4 011an2013, 14:40 5,22
W4 0,10651 49,1 011an2013, 14:30 5.26
WS 0,09560 93.4 011an2013, 13:00 0,45
Wa 0.04973 40.0 011an2013, 13:20 T8
Project: Woodbridge Simulation Run: Ph1_25yr
Start of Run:  01Jan201&, 00:00 Basin Model; Phase_1
End of Run:  03Jan2013, 00:00 Meteorologic Model: 4%

Control Spedifications: Control 10

Sorting: |Hydrologic -

Hydrologic Drainage Area | Peak Discharge Time of Peak Volume
Element (M12) (CFs) (I
W1 0.02516 45.5 011an2015, 12:40 8.25
W2 0.12506 79.4 01]an2018, 14:10 6.70
W3 0.06512 33.5 011an2015, 14:40 5.50
W4 0.10651 59.9 011an2015, 14:30 6.54
W5 0.09560 1112 01]an2015, 13:00 7.7
We 0.04973 43.0 011an2018, 13:20 7.16
Project: Woodbridge Simulation Run: Ph1_100yr
Start of Run:  01Jan2018, 00:00 Basin Model: Phase_1
End of Run:  03Jan2018, 00:00 Meteorologic Model: 1%

Show Elements: | All Elements

Compute Time: 07Jun2018, 08:52:55

Volume Units: (@) IN () ACFT

Control Specifications: Control 10

Sorting: |Hydrologic -

Hydrologic Drainage Area | Peak Discharge Time of Peak Volume
Element (MI12) (CFs) {IM)

Wi 0.02515 37.0 01Jan2013, 12:40 10,84
W2 0,12506 102.9 01Jan2015, 14:10 9.16
W3 0.,06512 43.9 01Jan2015, 14:40 83.87
W4 0,10651 73.2 01Jan2013, 14:30 83.92
W3 0.09560 139.6 01Jan2013, 13:00 10,33
W 0.09973 0.9 01Jan2013, 13:20 9.62




Show Elements: | All Elements
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Project: Woodbridge
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Compute Time: 06Jun2013, 11:22:17

HEC-HMS Results
Ultimate Conditions

Simulation Run: Ult_10yr

Basin Model;
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Sorting: |Hydrologic -

Hydrologic Drainage Area | Peak Discharge Time of Peak Volume
Element MI12) (CFs) (IM)
Wi 0.02516 3.3 01Jan2018, 12:40 5.89
W2 0.12506 161.2 01Jan2018, 12:50 5.89
W3 0.06512 82.1 01Jan2018, 12:50 5.89
W4 0.10651 13a.1 01Jan2018, 12:40 5.89
W5 0.09560 120.5 01Jan2018, 12:50 5.89
Weo 0.04973 73.6 01Jan2018, 12:40 5.89
Project: Woodbridge Simulation Run: UIt_25yr
Startof Run:  01Jan2018, 00:00 Basin Model; it
End of Run:  03Jan2018, 00:00 Meteorologic Model: 4%

Show Elements: | All Elements

Compute Time: 06Jun2018, 11:20:15

Volume Units: (@ IN () ACFT
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Sorting: |Hydrologic v;

Hydrologic Drainage Area | Peak Discharge Time of Peak Volume
Element MI2) (CFs) (IM)
W1 0.02516 46.5 011an2018, 12:40 3.25
W2 0.12506 190.8 01]an2018, 12:50 3.25
W3 0.0e512 97.2 01]an2018, 12:50 3.25
W4 0.10651 164.5 01]an2018, 12:50 3.25
W5 0.09560 142.6 01]an2018, 12:50 3.25
Wo 0.04973 37.0 011an2018, 12:40 3.25
Project: Woodbridge Simulation Run; Ult_100yr
Start of Run:  01Jan2018, 00:00 Basin Model: it
End of Run:  03Jan2018, 00:00 Meteorologic Model: 1%

Show Elements: . All Elements

Compute Time: 06Jun2018, 11:23:38

Volume Units: (@) IN () ACFT

Control Spedfications: Control 10

Sorting: |Hydrologic -

Hydrologic Drainage Area | Peak Discharge Time of Peak Volume
Element (MI2) (CFs) {IM)

W1 0.02515 57.0 01Jan2018, 12:40 10.84
W2 0,12506 235.8 01Jan2018, 12:50 10.84
W3 0.06512 1.2 01Jan2018, 12:50 10.84
W 0,10651 203.6 01Jan2018, 12:40 10.84
WS 0.09560 176.4 01Jan2018, 12:50 10.84
We 0.049973 106.9 01Jan2018, 12:40 10.84
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Phase 1 Development
EPA-SWMM Schematic
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Table 1a. Stage-Area Relationship Proposed Detention Ponds

Pond N-1
Elevation |Area (sf)
69 2255
70 42709
71 50883
715/ 100510
72 93964
725 146933
73| 169270
735 191282
74| 198238
75| 212107
75.5| 228095

Table 1a. Stage-Area Relationship

Phase-1
Pond S-1
Elevation |Area (sf)
66 31918
66.5 44157
67.5 79752
68.5 92059
69.5 103189
70.5| 114444
715 125823
725 137326
735 148955
745 160708
75.5| 178347

Pond N-2
Elevation |Area (sf)
65.5 2492
66 9696
66.5 74932
67| 260815
67.5 671715
68| 814653
69| 886835
70| 914679
71| 942669
72| 970830
73| 999031
74| 1027364
75| 1055853
75.5| 1070181

Pond S-2
Elevation |Area (sf)

64.5| 134398
65.5| 150443
66.5 176278
67.5| 191445
68.5 205937
69.5| 220619
70.5| 235490
715 250551
725 251231
735 236295
745 219993
755 196793




Table 1b. Maximum Pond 100-Y ear WSE and Freeboard

Pond High Bank Prop. WSEL Freeboard
N-1 75.50 74.24 13
N-2 75.50 74.19 13
S1 75.50 73.50 2.0
S2 75.50 73.24 2.3

Table 1b. Maximum Pond WSE and Freeboard



Table 1c. WSEsand Flows Comparison Phase 1 Development

Analysis Point
Node Name

100-year WSE (ft)

25-year WSE (ft)

10-year WSE (ft)

Exist Phase 1 Difference Exist Phase 1 Difference Exist Phase 1 Difference
A 77.81 77.61 -0.20 77.20 76.99 -0.21 76.82 76.60 -0.22
C 74.72 74.44 -0.28 74.27 73.72 -0.55 74.00 73.29 -0.71
NKF 74.20 73.61 -0.59 73.83 72.06 -1.77 73.61 71.36 -2.25
Gully 72.93 72.64 -0.29 72.69 72.01 -0.68 72.65 71.11 -1.54
N-2 74.54 74.19 -0.35 74.12 73.36 -0.76 73.86 72.73 -1.13

100-year Flow (cfs) 25-year Flow (cfs) 10-year Flow (cfs)
Reach Name

Exist Phase 1 Difference Exist Phase 1 Difference Exist Phase 1 Difference

Gully 1430 1261 -169 1171 1058 -114 1156 908 -248

Table 1c. WSEs and Flows Comparison Phase 1 Development




Ultimate Development
EPA-SWMM Schematic
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Table 2a. Stage-Area Relationship Proposed Detention Ponds

Pond N-1
Elevation |Area (sf)
69 2255
70 42709
71 50883
715/ 100510
72 93964
72.5| 146933
73| 169270
735 191282
74| 198238
75| 212107
75.5| 228095

Table 2a. Stage-Area Relationship

Pond N-2
Elevation |Area (sf)
65.5 2492
66 9696
66.5 74932
67| 260815
67.5| 671715
68| 814653
69| 886835
70| 914679
71| 942669
72| 970830
73| 999031
74| 1027364
75| 1055853
75.5| 1070181

Ultimate Conditions

Pond S-1
Elevation |Area (sf)
66 31918
66.5 44157
67.5 79752
68.5 92059
69.5| 103189
705 114444
71.5| 125823
725 137326
735 148955
74.5| 160708
755 178347

Pond N-3
Elevation |Area (sf)
65 14105
65.5 76950
66| 119909
66.5| 172945
67| 180896
68| 196885
69| 212924
70| 229008
71| 245144
72| 261254
73| 277649
74| 293996
75| 310408
75.5| 318635

Pond S-2
Elevation |Area (sf)

64.5| 134398
65.5| 150443
66.5| 176278
67.5| 191445
68.5| 205937
69.5| 220619
705 235490
71.5| 250551
72.5| 251231
735 236295
745 219993
75.5| 196793




Table2b. Maximum Pond 100-Y ear WSE and Freeboard

Pond High Bank Prop. WSEL Freeboard
N-1 75.50 74.48 1.0
N-2 75.50 74.39 11
S1 75.50 73.79 1.7
S2 75.50 73.43 2.1

Table 2b. Maximum Pond WSE and Freeboard



Table 2c. WSEsand Flows Comparison Ultimate Development

Analysis Point
Node Name

100-year WSE (ft)

25-year WSE (ft)

10-year WSE (ft)

Exist Ultimate Difference Exist Ultimate Difference Exist Ultimate Difference
A 77.81 77.61 -0.20 77.20 76.99 -0.21 76.82 76.60 -0.22
C 74.72 74.63 -0.09 74.27 73.74 -0.53 74.00 73.26 -0.74
NKF 74.20 73.78 -0.42 73.83 72.07 -1.76 73.61 71.36 -2.25
Gully 72.93 72.79 -0.14 72.69 72.00 -0.69 72.65 70.94 -1.71
N-2 74.54 74.39 -0.15 74.12 73.37 -0.75 73.86 72.66 -1.20

100-year Flow (cfs) 25-year Flow (cfs) 10-year Flow (cfs)
Reach Name

Exist Ultimate Difference Exist Ultimate Difference Exist Ultimate Difference

Gully 1430 1323 -106 1171 1034 -138 1156 864 -292

Table 2c. WSEs and Flows Comparison Ultimate Development
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Attachment 4
DIA Report
(Approved April 2018)



LJA Engineering, Inc. ll‘
.

Woodridge Village
Drainage Impact Analysis

Taylor Gully

Montgomery County, Texas

March 2018

Planners + Consulting Engineers + Surveyors



Woodridge Village
Drainage Impact Analysis

Taylor Gully

Montgomery County, Texas

Prepared for:

Perry Homes

%90s000g .o-...'o}:x. :

EOAVID W, OVERSTREET
% 96292 ja

St

March 2018 - Som\_'ﬁ_
Dd ¢
LJA Engineering, Inc. 3/2_6 2018

2929 Briarpark Dr., Suite 600
Houston, Texas 77042
Telephone: 713.953.5200
Fax: 713.953.5026

LJA Job Number 2027-1002
LJA Firm Registration No. F-1386



TABLE OF CONTENTS

= Tod 11NV [ 0 4= Y ES-1
1.0 110 [1 o (o] o USSR 1-1
1.1 Site Location and DeSCIIPLION ......couuuei et e e e e e e e 1-1
1.2 Purpose and ANalysis ODJECLIVE .........oouuuuiiiii e 1-1
13 ASSUMPLIONS N CONSITAINTS ......uuiiiee et e et e e e e e e et e e e eeeeenees 1-1
14 Prior @and CUITeNt STUAIES .......oooiiiiiiiiiiii et e e e e 1-1
15 [ (0T To [ o] F=11 s FO USSP PPRUPPPR 1-2
1.6 PrOJECT DAIUM. ... 1-2
2.0 HYAIOIOQY .. 2-1
2.1 HEC-HMS COMPULET PrOGIam ... .coiiiiiiiiiiieeeeeeeei ettt e et e e e e e ennnne s 2-1
% N R W o T= 1 == W L 1T U1 o] o 2-1
2.1.2 Hypothetical SIOMM EVENLS ........ooouiiiiiii et e e e e e 2-1
2.1.3 Precipitation LOSS RALES........ccuiiiiii it e e e e e e e e e eaaaae 2-2
2.1.4  Unit HYdrographs ... 2-2
2.2 Existing ConditionS HYArOIOQY ..........uuuuuiieeeese e 2-3
2.3 Ultimate Development HYdrolOgy ... 2-3
3.0 HYATAUIICS ...t e e e e e e e e e e e e e e e e e e e e e e eees 3-1
3.1 L@ YT VTP 3-1
3.2 SWMM COMPULET PTrOGIaIM ...ttt e e e e e 3-1
3.3 EXIStING CONAITIONS ... 3-1
3.3.1  MOEl VEIITICALION ... e e e e e e e e e 31
3.4 Ultimate DeVEIOPMENT ... 3-2
3.5 Phase 1 DeVEIOPMENT ... 3-2
4.0 TS U1 £ 4-1

5.0

(@F0] o (o3 111710 ] o KT 5-1



List of Tables

Table 1 TC & R Calculations Existing ConditionS............couuuiiiiieeeiiiiiiiieeee e Following Text
Table 2 TC & R Calculations Ultimate Development ...........cccooviiiiiiiiiiiiiniieeeeeeeees Following Text
Table 3 TC & R Calculations Phase 1 Development ............cccoviiiiiiiiiiiiiiieeeeeeeeeees Following Text
Table 4 Subarea Flows Existing ConditionS ...........ccooiiiiiiiiiiiiiiee e, Following Text
Table 5 Subeara Flows Ultimate Development...........coooeiiiiiieiiiiiiiee e, Following Text
Table 6 Stage-Area Relationships Proposed Detention Ponds .................cceeeee... Following Text
Table 7 WSEs and Flows Comparison Ultimate Development ............ccccceeeeeeennne. Following Text
Table 8 WSEs and Flows Comparison Phase 1 Development .............cccceeeeeeeen. Following Text

List of Exhibits

EXNIDIt 1 VICINITY IMBP ..ttt Following Tables
EXNIDIt 2 TOPOGIaPNY ....eeeeeieiiiiiiiiieee e Following Tables
Exhibit 3 Effective-FIRM FlIOOAPIAINS...........coviiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiees Following Tables
Exhibit 4 Existing Conditions Drainage Ar€as .............uuueeeeeereemrmmrreiiennnennneniennenn Following Tables
Exhibit 5 Proposed Conditions Drainage Ar€as.............uuueeeeeeeeererrermemmrennnennennnnn Following Tables
Exhibit 6 Drainage Facilities — Ultimate Development .................evvvvvvivivvvieeennnnns Following Tables
Exhibit 7 Drainage Facilities — Phase 1 Development .............cccccveeeeieeeeveeeeinnnnn. Following Tables

List of Appendices

Appendix A Land PIan ... Following Exhibits
Appendix B SWMM Inflow Nodes — HEC-HMS Subareas.................ccoooenenee Following Exhibits



Woodridge Village
Drainage Impact Analysis

EXECUTIVE SUMMARY

The Woodridge Village development is located in southeast Montgomery County just north of
Harris County. The project site is made up of 268 aces, divided into a northern portion (=176
acres) and a southern portion (=92 acres). Existing residential development surrounds the site
to the north, south and west. The project site is heavily wooded and in a prime corridor for
development. The project site naturally drains to Taylor Gully.

The project site is to be developed as residential area with detention ponds and a school site.
The average lot size is 1/7 acre. In order to offset impacts associated with developing the site
three detention ponds are proposed for the northern portion (Ponds N-1, N-2, and N-3) and two
detention ponds are proposed for the southern portion (Ponds S-1 and S-2).

The drainage impact analysis was completed using Montgomery County drainage
methodologies as specified in the Montgomery County Drainage Criteria Manual (DCM). The
objectives of the analysis are:

¢ Demonstrate that water surface elevations (WSESs) at key locations (analysis points) do
not increase for the design storm events between existing and proposed conditions

¢ Demonstrate that flows within Taylor Gully at the downstream end of the development
do not increase for the design storm events between existing and proposed conditions

o Demonstrate that freeboard in the proposed detention ponds for the 100-year storm
event is one-foot or more

When the proposed drainage components are considered, development of the 268-acre tract to
phase 1 or ultimate conditions creates no adverse WSE impacts to neighboring developments
or adverse flow impacts to Taylor Gully. Based on these findings, the proposed development of
the 268-acre tract creates no adverse drainage impacts for events up to and including the 100-
year event.
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1.0 INTRODUCTION

1.1 Site Location and Description

The Woodridge Village development is located in southeast Montgomery County just north of
Harris County, as shown on Exhibit 1. The project site is made up of 268 aces, divided into a
northern portion (=176 acres) and a southern portion (=92 acres). Existing residential
development surrounds the site to the north, south and west. The project site is heavily wooded
and in a prime corridor for development. The proposed site is characterized by sloped to nearly
level terrain surfaced by fine sandy loam. As can be seen from the contour spacing shown on
Exhibit 2, the magnitude of the ground slopes in the northern portion of the project site are
several times that of the slopes in the southern portion. Existing ground slopes range from
higher than 1% in the northern portion to less than 0.1% in the southern portion. The project
site naturally drains to Taylor Gully.

1.2 Purpose and Analysis Objective

For development to occur orderly and economically, proper planning is essential. This master
drainage plan will aid in the review process for planning and platting. The overall approach for
conveying rainfall runoff from the tract to Taylor Gully is presented in this report, including
rainfall distribution, loss rates and hydrograph parameters. Computer models developed for the
the proposed detention system are also discussed.
The objectives of the analysis are:
o Demonstrate that water surface elevations (WSESs) at key locations (analysis points) do
not increase for the design storm events between existing and proposed conditions
o Demonstrate that flows within Taylor Gully at the downstream end of the development
do not increase for the design storm events between existing and proposed conditions
¢ Demonstrate that the freeboard in the proposed detention ponds for the design storm
events is one-foot or more

1.3 Assumptions and Constraints

The drainage impact analysis documented here was completed using Montgomery County
drainage methodologies as stated in the Montgomery County Drainage Criteria Manual (DCM).
For drainage areas greater than 640 acres, the DCM specifies that proposed developments and
detention facilities will be analyzed for the 10-, 25- and 100-year storm events.

1.4 Prior and Current Studies

Information from the following study was used in preparing this report: Woodbridge Village
Phase 1 Drainage Plan, dated June 2007, prepared by LJA Engineering & Surveying, Inc., for
Woodbridge 268, Ltd.
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15 Floodplain

The project site is shown on FEMA Flood Insurance Rate Map (FIRM) panel 48339C0750H for
Montgomery County, Texas and Incorporated Areas, revised August 18, 2014. The area just
across the county boundary from the project site is shown on FIRM panel 48201C0305L for
Harris County, Texas and Incorporated Areas, revised June 18, 2007

As shown on Exhibit 3, the proposed development is outside the 100-year floodplain.

1.6 Project Datum

Elevations discussed in this report are referenced to the NAVD 1988, 2001 adjustment. There
is no datum adjustment between NAVD 1988, 2001 and the project datum.
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2.0 HYDROLOGY

The methodology used in the development of the hydrologic models for the Taylor Gully
watershed used in this analysis is described in the following sections.

2.1 HEC-HMS Computer Program

The Army Corps of Engineers HEC-HMS computer program was used to determine rainfall
runoff for the proposed development and the Taylor Gully Watershed for all the hydrologic
conditions models.

To model the watershed, the physical characteristics of the watershed were represented by a
system of geographic and hydrologic components. The watershed was divided into sub-
watersheds based on the study objectives. The HEC-HMS program then used this information
to simulate the precipitation-runoff process and compute flood hydrographs at desired locations
in the watershed.

2.1.1 Subarea Delineation

Existing conditions subareas were delineated using ArcHydro procedures. Proposed conditions
subareas were delineated using the ultimate development land plan.

2.1.2 Hypothetical Storm Events

This report documents an analysis for the 10-, 25- and 100-year storm events. The rainfall
duration-depth relationship used in the HEC-HMS model is based on the National Weather
Bureau publications Technical Paper No. 40 and Technical Memorandum Hydro 35. The point
point rainfall depths in inches (in) for varying duration and frequency storms are provided below.

Duration 10-year 25-year 100-year
5-minute 0.68 0.76 .89
10-minute 1.16 1.31 1.55
15-minute 1.49 1.69 2.00
30-minute 2.30 2.66 3.23
60-minute 3.14 3.66 4.48
2-hour 4.13 4.77 5.88
3-hour 4.61 5.35 6.70
6-hour 5.56 6.58 8.32
12-hour 6.72 8.19 10.31
24-hour 8.09 9.43 12.17

As specified in Montgomery County DCM, the hypothetical storm (frequency storm) option
simulated a synthetic storm over the project site with the specified depth-duration data
distributed based on a triangular precipitation distribution. Called a “balanced storm”, this
distribution is constructed such that the depth specified for any duration occurs during the
central part of the storm (intensity position = 50%).

0:\LAND\2027\2027-1002\2018-03_Woodridge_Village.doc Page 2-1



Woodridge Village
Drainage Impact Analysis

2.1.3 Precipitation Loss Rates

Precipitation loss is the quantity of rainfall expected to be absorbed into the soil throughout the
duration of runoff. The precipitation losses due to infiltration depression storage and other
mechanisms are specified in the Montgomery County DCM. For this study, infiltration losses
were computed using the Exponential loss rate function. This method computes infiltration
based on a function of soil texture and the capacity of the given soil to convey water.

Four of the five parameters used in this method were obtained from the DCM and are shown
below:

Initial Coefficient (STRKR) =0.2
Initial Loss (DLKTR) (in) =25
Coefficient Ratio (RTIOL) =20
Exponent (ERAIN) =0.55

For this analysis, the fifth parameter is the percent impervious cover of the subarea. This value
varies with the development assumed for each sub-watershed as shown below.

Development Type % Impervious
Commerical and Business 85
Industrial Areas 72
Residential, Average Lot Size < 1/8 acre 65
Residential, Average Lot Size = 1/4 acre 38
Residential, Average Lot Size = 1/3 acre 30
Residential, Average. Lot Size = 1/2 acre 25
Residential, Average Lot Size = 1 acre 20

214 Unit Hydrographs

The runoff processes of the HEC-HMS model used in this analysis are based on runoff
hydrographs developed using Clark’s Unit Graph method. This method uses the time of
concentration (Tc) and storage coefficient (R) to develop the runoff hydrograph of the pond
resulting from the excess precipitation during a storm event. These two parameters were
calculated for each sub-watershed using the methodology presented in the DCM. The
eqguations used to calculate Tc and R are shown below:

_ 128(L/+/S "' x(N )
(SO )O.ll X(lO )I

Tc=(Tc+R)x0.38 xlog(S, )

Tc+R

R=(Tc+R)-Tc

I= M X107
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Clark’s time of concentration

Clark’s storage coefficient

Length of the longest watercourse within the drainage area (miles)
Average slope along the area’s longest watercourse (ft/mile)
Manning’s weighted roughness coefficient

Average slope of land draining into the longest watercourse (ft/mile)
Effective impervious ratio
Total drainage area

Average percent of impervious cover of the developed area (in percent)
Area that is developed

where

nZnro-
L 1 1 A 1 A 1|

A
C
D

When ponding occurs in a sub-watershed, the R-value is adjusted to account for the additional

storage. The adjustment factor (RP) varies according to the design storm and is based on the
area of the ponding and the percentage of the watershed affected by the ponding. For the 25

R

and 100-year events used in this analysis the calculations for "*P are shown below:

AP
R, =/(RM -1.0)x— |+1.0
p [( )xm}

where: Ro modified adjustment factor
AP = area affected by ponding
The adjusted R value (R, ) is then calculated as follows:
R,=RxR,

TC & R calculations for existing, ultimate and phase 1 conditions are shown on Tables 1-3,
respectively.

2.2 Existing Conditions Hydrology

Analysis points were chosen to demonstrate no adverse impacts to neighboring developments.
Exhibit 4 shows the anlyis points and existing conditions drainage areas. Peak flows from
these drainage areas presented in Table 4.

2.3 Ultimate Development Hydrology

The project site is proposed to be developed as residential area with detention ponds and a
school site (land plan shown in Appendix A). The average lot size is 1/7 acre. Using the the
table of development type versus impervious cover shown above, an interpolation was
performed to find an impervious cover of 60 percent.

Note that the total drainage area for the analysis increases from 1297 acres under existing
condtions to 1317 acres under ultimate conditions. The difference, 20 acres, represents the
portion of subarea W5 just east of Woodland Hills Drive. This area is outside of the existing
conditions drainage areas but inside of the proposed development.

Exhibit 5 shows the proposed conditions drainage areas used for the analysis. The
corresponding peak flows for ultimate conditions are presented in Table 5.
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APPENDIX B
SWMM Nodes - Subareas



EXISTING CONDITIONS

SWMM Node

Subarea

A

Junct

C

N-2

E

Gully

M m gl O W >

ULTIMATE DEVELOPMENT

SWMM Node Subarea
A A
C C
Gully F
NKF PES
N-1 PNW, PWN, W1
N-2 W4
N-3A PNE, PE, W3
N-3B W2
S-1 PWS, W5
S-2 W6
PHASE 1 DEVELOPMENT
SWMM Node Subarea
A A
C
Gully F
NKF PES
N-1 PNW, PWN, W1
N-2 W4
Junct PNE, PE, W3, W2
S-1 PWS, W5
S-2 W6
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