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Harris County Flood Control District
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Harris County Drainage Networks

Natural Channels

Lake Houston

Open Channel Network

Barker Reservoir
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Coastal Prairie Physiographic Province

Centr al High Plains

PHYSIOGRAPHIC MAP OF TEXAS
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Recent “Named” Flooding in Houston

e 2001 - Tropical Storm “Allison”

e 2006 - “Juneteenth” Flood

e 2008 - Hurricane “lke”
e 2015 - “Tax Day” Flood
e 2016- “Memorial Day” Flood

e 2017 - Hurricane “Harvey”




Timeline for HCFCD Natural Stable Channel
Solutions for Channel Resiliency

e 2001 - T.S. Allison Recovery Program (TSARP)

® 2006 - 15t NCD project (Cypress Crk @ Meyer Park - Reach 1)
e 2008 - Countywide Fluvial Geomorphic Study

e 2015 - Addition of NSCD prescriptions to specifications

e 2016 - Development of NSCD Guidance Manual

e 2018 - Development of Watershed Level NSCD Plan




HCFCD Countywide Fluvial Geomorphic Study (2008)
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Harris County Flood Control District Solutions

Rosgen Priority 2 Restoration wherever
nossible

Promotion of Rosgen Priority 1 Restoration In
neadwaters




HCFCD Priority 2 Restoration Components

e Establish equilibrium at lower elevation

Class VI. Quasi Equilibrium
h<he

terrace

aggraded material

New Geomorphic Floodplain

Designed
Channel

Bankfull

T T P T TR P T IY

Baseflow
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HCFCD Priority 2 Restoration Components

e Rosgen C channels (with possible transition to E channel)
e Nominal bankfull floodplain bench (Min: 3 X Wg,¢)

TOP OF FLOOD MEANDERING
CONTROL CHANNEL . BANKFULL CHANNEL

MAINTENANCE BERM
BACKSLOPE

FIOODPLAIN

GEOMORPHIC FLOODPLAIN
3 x BANKFULL WIDTH MINIMUM
RIGHT OF WAY
(VARIES)

VARIES
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HCFCD Priority 2 Restoration Components

e Rosgen B (step-pool) channels where lateral constraints
or slopes require

e Nominal bankfull floodplain bench (Min: 2 x Wg,¢)

BACKSLOPE SWALE
TRAIL

.; i RETAINING WALL
BANKFULL STAGE
/ BASE FLOW

BANKFULL
T WIDTH ~
GEOMORPHIC
FLOODPLAIN
2 x BANKFULL WDTH MINIMUM ENVIRONMENTAL CONSULTANTS




HCFCD Priority 2 Restoration Components

e Stormwater quality wetlands on bankfull bench

Top of the Bank

Perimeter of
Wetland Complex

Geomorphic
Floodplain
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HCFCD Priority 2 Restoration Components

e Greenway trails on bankfull bench

EXISTING
UPFER BANK

FROFOSEDR SLOFE
TRANSITION

§ REFORESTION
PROPOSED WETLANKD

PROPQOSED

REFORESTATION

SOUTH BANK NORTH BANK
FLOODPBENGH FLOCDPBENGCH
&Y ERES S
CREEK
CHANNEL

PROPOSED CREEKSIDE
TRAIL

PROPOSED
REFORESTATION

PROPCSED WETLAND

EXISTINEG
FOREST

EXISTING HMORTH R

W beiod

PROPOSED UPPER
TRAIL

PROFPOSED SLOFE
TRANSITION &
REFORESTATION

PROPOSED WETLAND
TRAIL
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HCFCD Priority 2 Restoration Components

e Bankfull channel-spanning crossings & floodplain culverts

Roadway Crossing

E] - |

'Ll____f S _I'_'V__"‘_._ e 1 __"_,_"',_':l‘i__, — "__.'"i__'___'._."_,__[___j

J—

B VT e ¥} Z TATR T T PR el

Relief Opening

ENVIRONMENTAL CONSULTANTS




Tributary to Big Gulch @ North Shc
Family Park, Houston

115 acres (.18 mi?) drainage
area

Watershed is completely
piped subdivision (no
sediment load) with no
stormwater detention
UESY))

“Sugar” sand banks and relic
refuse burn pits (melted
glass and metal) uncovered
by downcutting stream

Steep system for Houston
(2%)

uHungl’y” (nO sediment |Oad)
and flashy flows

Downcutting (over 10 feet)
and over-widening in channel
evolution

Overwidening threatens park
on one side, schools on the
other side, and stormsewer
outfalls
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Pre-Improvement
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Pre-Improvement
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Pre-Improvement
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Pre Improvement
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Pre-Improvement
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Pre-Improvement
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Improvements
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~/7 STA. 0+00N0 |

Relocated
Priority 2 NCD
Channel —

J- - IS "‘x\ 1 (
CO nStrU Cted 1 \ MIDDLE SCHOOL)

END PROJECT
STA. 18+04.05

SHEET 8

GALENA PARK |.S.D.
(TICE ELEMENTARY)

Constructed
Floodplain
Bench

Stabilized
Banks & Slopes

Floodplain ' AN Vi ) e =
SWQ Wetlands | ey N G 2”3

I \;omrzmo FLYPAR
Grass & Tree |
Plantings |

Backslope
Interceptors

Armored
Stormsewer
Outfalls

1
i

LEGEND:

NOTE:
o SR T TR A e . g
(SHEET 21 OF 22). SHEET 7 INDICATES SHEET NUMBERS CL STA. 9+00.00 i

F-14852
= S b Bl
G572

ENVIRONMENTAL CONSULTANTS



After (July 2015)

e Project Completed: April 2015

e Memorial Day Flood: May 2015 X
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After (July 2015)

e Project Completed: April 2015
e Memorial Day Flood: May 2015
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After (July 2015)

e Project Completed: April 2015
e Memorial Day Flood: May 2015
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After (July 2015)

e Project Completed: April 2015
e Memorial Day Flood: May 2015
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After (July 2015)

e Project Completed: April 2015
e Memorial Day Flood: May 2015
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After (July 2015)

e Project Completed: April 2015
e Memorial Day Flood: May 2015
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After (July 2017)
e HCFCD Repaired in late 2015

e Stable and self-improving after Tax Day Flood (2016), and Hu
Harvey (2017)
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After (July 2017)
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After (July 2017)
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After (July 2017) ~wy
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After (July 20175
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After (July 2017)
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After (July 2017)
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After (July 2017)
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After (July 2017)
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Cypress Creek @ Mayer Park, Houstc

189 mi? drainage area

Sand bed & banks with
stiff marine clay
outcroppings acting as

natural, slowly melting g~

grade control

Natural, but majority
of reaches in area had
been dredged in the
past

Unstable reaches
upstream sending large &
sediment loads through i
project reach

Overwidening
threatens park
infrastructure and
stormsewer outfalls
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Park Layout

+ Elizabeth
Kaiser
Meyer
CYPRESSWOOD : Park

DRIVE

" STUEBNER AIRLINE
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Project Extents
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Reach | - Pre-Improvement
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Reach | - Pre-Improvement
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Reach | - Pre-Improvement
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Reach | - Pre-Improvement
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Reach | - Improvements

Relocated Priority 2
NCD Meander Bend

Riprap Armored
Channel Toe (Both
Banks)

Constructed
Floodplain Bench

Stabilized Banks &
Slopes

Floodplain SWQ
Wetlands

Grass & Tree Plantings [f#

Backslope
Interceptors

Armored Stormsewer
Qutfalls

PROJECT ID§ K100-00-00—X026
CYPAESS CREEW AEZSTORATION PROLECT
T MEYER FARK
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Reach 1 Before and Post-Co
(2006)
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Reach 1 Before and Post-Co
(2006)
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Reach 2 - Existing

ENVIRONMENTAL CONSULTANTS




Reach 2 - Improvements

Elizabeth Kaiser

New, Priority 2 M
NCD Channel W

5

Constructed BT S
Boulder Riffles 27 L

Constructed
Floodplain Bench

Stabilized Slopes

Floodplain
Wetlands

Grass & Tree
Plantings

Armored
Stormsewer
Outfalls

Gree nway & Pal’k /! ~\': ' ' i : . s k Main Channel [] Stabilized Slope to Terrace
Trail Al ignments ' ." 7 ‘ A § [_] Stabilized Channel Bank 2] Armored Riffle

gty | \ ? ‘ I Floodplain Bench [] Natural Clay Riffle
= HCFCD Right-of-Way

' " I Fioodplain Wetland
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Reach 2

Improvements

Existing
Ground

Floodplain
Wetland

Slope Varies/ |

Proposed
Channel

“=Existing
Channel

-200.00 -150.00 -100.00

-50.00 0.00 50.00 100.00 150.00 200.00  250.00

10+00.00

Slope Vari'es\

‘i}. . Existing
tNo. 2 Riprap Slope Varies / Ground

Floodplain /
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| Wetland |
Channel

. Floodplain

- Proposed
I [ “Wetland

Channel

200.00 -150.00 -100.00

100.00  150.00 200.00  250.00

-50.00 0.00 50.00

Existing

18+50 00

Ground :

Floodplsm
d

ope Varies
Existing
Channel

EXISTING
?ﬂ HORTH ROW

-No. 2 Rlprap \
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Reach 2 - Construction

.éypress Creek Restoration Project
Westward view from Steubner Airline

Cypress Creek Restoration Project
Westward View from Champions
Forest Baptist Church Property
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Reach 2 - Construction

ENVIRONMENTAL CONSULTANTS




Reach 2 - Construction
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Project Linear Park/Greenwa

R.O.M

H

EXISTING
UPPER BANK

SOUTH BANK NORTH BANK
FLOODBENCH FLOODPBENCH
CYPRESS
CREEK
CHANNEL

| EXISTING SOUT

s v il

PROFOSED SLCPE
TRANSITION

§ REFORESTION PROPOSED CREEKSIDE

TRAIL

PROPOSED WETLAND
PROPQOSED
PROFPOSED REFORESTATION

REFORESTATION
PROPOSED WETLAND

MEYER
PARK

EXISTING
FOREST

EXISTING NORTH R.O.N

PROPQSED UPPER
TRAIL

PROPQSED SLOPE
TRANSITION ¢
REFORESTATION

PROFPQSED WETLAND
TRAIL
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Reach 1 Before & After (2009)

e Stable and self-improving after 8 bankfull events
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Reaches 1 & 2 After (2017)

e Stable and self-improving after Memorial Day Flooc
Tax Day Flood (2016), and Hurricane Harvey (2017)

E:‘-“. ‘E_‘ e ,',b . %:. i 5
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Reaches 1 & 2 After (2017)

e Stable and self-improving after Memorial Day Flooc
Tax Day Flood (2016), and Hurricane Harvey (2017)
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Hunting Bayou Joint USACE Flood F
Reduction Project

Objectives:

e Contain 10 or 25-year
storm within FCC
banks

e Greenway trails

3.8 miles of channel
modifications

Modification or
replacement of:

* 4 pedestrian bridges

e 22 vehicular bridge
structures

® 6 rail and road
bridges

75 acres of off-line
detention
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Upper Hunting Bayou Joint USACE
Flood Damage Rerdu_lctlon Project

S

liDistrict B
HSOB 01 00}

= 'H121.oo'luo :

: S e BUNTE

Type E Natural Stable Channel £
(Sta. 746+90 Sta. 635+00
A &)

Type Bc Natural Stable Channe|
(Sta. 635+00 - Sla 623+00)

Type E Natural Stable Channel
{Sta 623+00 - Sta 610+00)

. Quas NSC Bottom Only
(Sta. 606+33 - Sta. 550+00)

STREAMS
D CITY OF HOUSTON CITY COUNCIL DISTRICT
D SUPER NEIGHBORHOOD
- HCFCD H100-00-00-Y005 PROJECT AREA
I:l DETENTION BASIN

1200 2400 feet
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Upper Hunting Bayou Joint USACE
Flood Damage Reduction Project

e Rosgen C
Channel
(upstream
end)
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Upper Hunting Bayou Joint USACE
Flood Damage Reduction Project

* R nB
Osge Typical Riffle Cross-Section #3
Channel 573+23 WSA 12.18

45

(downstream FCC Top of Bank
end)
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NSCD Concepts for Little Cypress
Creek Master Drainage Plan

* Harris Cnty. “Frontier” L.
is rapidly developing & &
quasi-rural lands in NW ©aai= ©
Harris Cnty. Wiy

Streams and channels
already experiencing
channel instability from
hydromodification

HCFCD will develop
Priority 2 NSCD
channels inside FCCs &
detention basins to
accommodate future
growth
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NSCD Concepts for Little Cypress
Creek Master Drainage Plan
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NSCD Concepts for Little Cypress
Creek Master Drainage Plan

—
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NSCD Concepts for Little Cypress
Creek Master Drainage Plan
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NSCD Concepts for Little Cypress
Creek Master Drainage Plan

"Do-31" Template L100-00-00
BAUER-HOCKLEY RD TD ROBERTS RO IN REACH D
Cxzmpln Crows Sacton A=a'

15 HortontalVertial 3

¢

[

[ lgll
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NSCD Concepts for Little Cypress

Creek Master Drainage Plan

Exhibit 7. Natural Stable Channel Conceptual Design Targets

Varlable Little Cypress Creek Malnstem Tributaries (TSARP Catchments)

L100-00_A L100-00_B L100-00_C L100-00_D L109-00-00 L112-00-00 L114-00-00 L114-01-00 L1204 L1208 L100B Liooc
River Station 51947 .2-13159 60219.9-53547.5 T7338.64-61906.7 | 115231 7-7960074 11804 0-500 B606.2-903.7 5404-7557
Drainage Area (DA} sq, m. 523 339 212 183 665 482 a1
Ultimate 2-yr (max) Bankfull Discharge cfs 1745 1462 1135 1027 27 78 - -
Ultimate Avg. Channel Sicpe (1Rt 0.0008 0.0005 0.0006 00012 0.0026 00043 | 00026 0.0025 0.001 0.0005 0.001 0.001
Ultimate  2-yr (avg) slope (M) 0.0006 0.0002 0.0010 00009 0.0026 0.0041 00019 0.0001 5 . E 5
Uttimate 100-yr Gmax cfs 6980 4915 4610 4731 746 378 2946 23 1269 833 1538 2057
Ulimate Avg. Q 100-yr depth (ft) 21 14 2 12 8 10 12 14 5 B E 5
Ultimate Fieach Length (miles) 96 (5} 32 70 14 42 13 26
Ulimate MMI’EKI 12 13 13 1.2 1.03 104 1.08 1.03 - - - -
Ultimate ROW 400-500 - 320 320 w0 | w0 240 240 180 240 180
NSCD Stream Type cse c8e c8 BSc B5
;::;co Dlscharge by Impervicus Cover (Qk) 143 787 851 464 B 1 158 144 144 " 143 147
Threshoid Floodplain Applied Shear Siress 2 2 2 2 2 2 2 2 2 2 2 2
Maximum Permissble Veloolty Threshol (fs) 2 z 2 2 z 2 z Fl 2 2 2 2
NSCD 100-yr Crosssectional Area (sq 1) 3450 2456 2305 2396 373 1530 1473 17 65 416 769 1029
Bankfull Area (Abkf) (sq.N.) 218 167 146 1l | IL 61 S50 45 45 4 45 46
Width/Depth Ratio (WDR) 2 2 2 20 [ 2 2 2 2 2 2 2 2
Bankfull Riffle Width (Wbk) (it.) 66 56 54 48 19 37 3 32 3 27 3 32
Bankfull Riffle Wicth Extents (1 178 201 187 165 64 124 112 106 106 5 106 107
Bankfull Mean Riffle Depth (DOKT) (1) 33 29 27 24 09 17 15 14 14 [F] 4 4
Bankfull Max Riffle Depth () 53 45 43 38 4 27 24 23 23 20 23 23
| Low Flow Q (cfs) 480 33 274 185 __ 14 80 68 61 60 a6 B0 B2
Inner Berm Avea (sa.1) 102 78 ) 53 [ 2 2] 21 2 16 20 2
Inner Berm Width () ) T ) F] 1 2 20 18 19 16 18 18
Inner Berm Width Extents (fL) 65 57 53 ] 19 3% 32 31 3t 2 31 31
Base Width (1) 2 2 o) 2 [l 16 15 14 1% 12 14 14
Low Flow M if.) 2.6 23 21 19 07 13 1.2 1.1 11 1.0 11 11
Entrenchment ratio (WipaWbki) 3 3 3 3 z 2 2 z 2 iz 2
Flood Terrace Area (g1t 551 697 604 467 64 242 196 177 175 131 174 1860
Flood Terrace Width (WHa) (f.) 182 204 190 167 65 126 114 108 108 = 107 109
Fiood Terrace Width Extonts () 208 23 219 152 75 145 131 124 124 107 123 125
Flood Terrace Depth () T 6 B 5 2 3 3 3 2 ¥ B
Radius of Curvalure RC Range (1) 111-166 90-134 84125 65102 2543 5090 84-125 47-70 5075 4466 4872 872
Sinuostty K (1) 13 13 13 13 12 12 12 12 12 12 12 12
Belt Width Avg. (L) 143 130 121 107 a4 a2 74 Eal il L] 70 72
Meander Wave Length Avg. ) (8) 676 591 552 488 198 374 339 322 321 279 320 326
ROW Recommendations Unconfined Reaches 518 a4 432 439 217 a2 148 285

“Discharge { 2yr max). Channel Skope, 2y O avg Skepe, populated from Utimate Conditions WiChannel mprovements HEC-RAS moded (Draft LAN 2017).
“Drainage arcas based on sub watersheds values provided in TCAR K1004L 100, FEMA template, 2013 Drainage basins shown on Cover Page.

“Reach L103-00 drainage area based from LAN shape file

“Values listed for L114_00 are from the hydraulic model reach L114_008.
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Restoration of Headwater Streams




Katy Prairie Stream Mitigation

Historical Range of
Coastal Prairie
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Project Partners

Restoration Systems LLC
Warren Ranch

Katy Prairie Conservancy
Stantec

Forbes Consultancy
Land Mechanics

Wright Contracting

Stuckey’s Contract
Services
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* | Phase 1: Warren Creek r

an

Umbrella Mitigation
Bank

PRM for the Grand
Parkway

5 Phases

Phases 1 -4
Constructed

86,000 Total Feet

Post Construction
Monitoring

Streams

£ Warren Ranch
Mitigation Phases

Phase 1 Phase 3

- Phase 2 Phase 4
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NOTE VANE LOG TO BE TRIMMED
TO BANKFULL ELEVATION

SURY HLL LOG INTO

ANK & MINIMUN OF

0 FEET LENGTH OF LOG = 32 FEET

BANKFULL~

~ LARCE FLAT ROCK

\
. BACKER LOG AND
WOODY DESRIS

BACKFILL -
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. ~
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TO PLACE LOGS ~
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GEOTEXTILE
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;‘!}  CHANNEL SUBSTRATE
N | GALVANIZED ROOFING NaLs AT 6" o.C.

T LOG VANE
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0G VANE SECTION 8-8

LOGS SHALL BE STRAIGHT AND LIWBS SHALL BE
TRMMED FLUSH.

MINIMUM LOG LENGTH IS 50 FEET AND WINIMUM
CIAMETER 1S 18 INCHES

FABRIC SHALL BE COMPLETELY BURIED AND NOT
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As-Built Survey
Geomorphic Survey

* Longitudinal Profile

* Cross Sections
Photographic Documentation

Vegetation Survey

« Species Composition
« % Cover
* Density

Level 1 Stream Condition
Assessment

Bankfull Event
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Daily Gage Height Jan. — Dec. 2017
=Us¢s

USGS 08068720 Cypress Ck at Katy-Hockley Rd nr Hockley, TX

DAILY Gage height, feet

Jan Feb Har Apr Hay Jun Jul Aug Sep Oct Nov Dec
2017 2817 28617 20817 2817 2817 20817 2017 2817 28617 2817 28617

— Daily mean gage height Period of provisional data
we= Period of approved data
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Elevation (ft)
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Warren Creek Reach 3 Longitudinal Profile 104+52 to 109+41 Year 5 (2017)

XS 2 Pool (105+57)
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Elevation (ft)
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O Year 5 (2017)

Wbk

Warren Creek XS 1 Riffle (108+20)

@ Bankfull Indicators

= 29.1

Dbkf = 1.78

¥ Water Surface Points A As-Built (2013)

Abkf = 51.9
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Elevation (ft)

Warren Creek XS 2 Pool (105+57)

© Year 5 (2017) # Bankfull Indicators ¥ Water Surface Points A As-Built (2013)
Wbkf = 30.6 Dbkf = 2.06 Abkf = 62.9
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Elevation (ft)
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O Year 5 (2017)

A e

Warren Creek XS3 Riffle (84+74)

¢ Bankfull Indicators ¥ Water Surface Points A As-Built (2013)
Wbkf = 29.9 Dbkf = 1.71 Abkf = 51.3
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Elevation (ft)

Warren Creek XS 6 Pool (56+07)

O Year5 (2017) ¢ Bankfull Indicators ¥ Water Surface Points A As-Built (2013)
Wbkf = 23 Dbkf = 1.67 Abkf = 38.4
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Year 5

As-built | Year2 | Year3 | Yeard4 | Year5
Percent
Cross- Reach [y Cross- | Cross- | Cross- | Cross- | Cross- Change
ectio ectionallSectiona i jonallSectional Som As.
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Photos Station 1 — As-Built Survey




Photos Station 1 — 2013




Photos Station 1 — 2014
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Photos Station 1 — 2016




Photos Station 1 — 2017




Importance of Floodplain
Access

Majority of Site Performing
e

Few Areas in Need of
Repair

« Areas with Difficulty
Establishing Vegetation

« Poor Topsoil Conditions




Thank youl!

ENVIRONMENTAL CONSULTANTS




