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EXECUTIVE SUMMARY

A City Wide Drainage Study (CWDS) for the City of La Porte (City) was undertaken to identify,
develop and recommend drainage improvements to address drainage problems and lessen
flooding and its impacts across the City. Reasons for existing drainage and flooding problems
include 1) insufficient flow capacity in ditches and channels, 2) ponding of waters in streets and
adjacent properties, 3) undersized storm sewers, 4) temporary blockage of storm water inlets by
debris, 5) backup of storm waters in sewers, and 6) lack of overland or sheet flow paths. Also
contributing to the drainage problems are natural effects common to coastal areas: Relatively
small ground slopes making it difficult to rapidly drain away runoff waters; tides and storm
surges causing rising water levels which impede drainage; and frequent but severe storm events
with large amounts of rain falling in short periods of time. Future drainage problems can, on the
other hand, result if the runoft from future land development is not controlled. Flooding is a fact

of life in coastal areas and control of flooding in coastal areas presents significant challenges.

The strategy used to address drainage and flooding issues had two components: 1) remedy of
current drainage and flooding problems, and 2) mitigation of future drainage problems. The
bases of our recommendations are summarized in the Engineering Summary following this
Executive Summary. Details of the engineering analyses leading to the recommendations arc

provided in the main body of this report.
Current Flooding and Drainage Problems

To address the current drainage and flooding problems, 1) channel improvements, 2) detention
ponds for flood flow diversion, 3) storm sewer upgrades, and 4) development of relief swales
(i.e., directed sheet flow pathways) options are evaluated. Improvements proposed in prior

studies by others were incorporated into the proposed solutions of this study when appropriate.

Relief swales are a very cost effective (i.e., low cost/benefit ratio) drainage improvement. Relief

swales reduce or limit ponding of runoff waters in streets and low lying areas for small to

ES — 1 o
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moderately large storm events which exceed the City’s standard design frequency for storm
sewers. Swales, in effect, enhance local drainage system capabilities. Relief swale projects will
require only limited coordination with the Harris County Flood Control District for
implementation. Twelve relief swales, sometimes constructed in conjunction with sewer system

outfall improvements, are recommended, as follows:

Recommended Relief Swale Projects

 Project | Subdivision/ Area | Type of Improvement [ Project |COST/BENEFIT: |
ID | Benefiting Construction |Construction Cost
Cost Per Loss
| Removed'
1 I-IPinegrove Valley  |Relief Swale f $6,000 $140 X
:_ _2_ _illTrogkgl_en o ;Réﬁei’ Swales & (;tfall Pipe Upgrade i 595,000 ._ $350
3 |Fairmont Park West  |Relief Swales & Outfall Pipe Upgrade $57.000 $370
N 4—le611 Me;dow_ o IRelief Swales & Outfall Pipe U;)_grade $30,000 $540
5 |Meadow Park _iRe]ief Swales & Outfall Pipe Upgrade |  $13,000 | $540
6 Fairmont Park Relief Swales & Outfall Pipe Upgrade $19,000 $560
|7 _ECreekmont Sebtion 1 E‘Relief Swale & QOutfall Pipe Upgrade | E34,000 _. B __Eﬁio _|
: 3 |Fairmont Park East _!I’Reiief Swales & Outfall Pipe Upgrade $65,000 $860 |
9 |SpencerHighway ]_Reiief Swale $30,000 | $1,360
10 Villa Del Rancho |Relief Swale | 24,000 $2,670
! 11 IBattleground Estates  |Relief Swale $35,000 $17.500
!' 12 OldLaPorte _I_Rélief_S:Nale & Owifull Pipe Upgrade | 336000 |  $21,000
| [ | Total 12 Projects | $744,000

! Total construction cost divided by the number of structures that have been reported in the past to have flooded

and for which the recommended project will alleviate flooding in the future.

Construction costs for the above recommended relief swales projects include right-of-way costs
assuming right-of-way can be placed on existing open land or the property line between adjacent

residential lots. These projects should be given high priority for construction.

Additional details about these projects are given in Table ES-1, while the project locations are
shown in Figures ES-1 to ES-6 (these table and figures as provided at the end of this summary).

ES-2
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Flood control projects are intended to provide a high level of flood protection, with their design
based upon an extreme flood event as defined by a 100-year rainstorm event (i.e., only a 1 in 100

chance of occurring in any one year).

All flood control projects are either 1) channel widening; 2) channel lining with concrete when
right-of way is insufficient for widening; 3) diversion of flood waters to a detention pond
(referred to simply as a “diversion pond”); or some combination of these three. All channel
widening or lining projects also include, as part of the project, a detention pond to mitigate
(hence the name “mitigation pond™) the adverse downstream impacts arising from the enhanced

discharge capabilities of the improved channel. Project costs include land acquisition costs.

Because of the high level of protection they provide, channel improvement and detention pond
projects are more expensive than relief swale projects. Based upon their relatively low
cost/benefit values, eight channel improvement and diversion pond projects are recommended to
address eight areas of significant flooding problems; these projects are listed on the following
page. The recommended improvement and pond projects are separate projects and can be
individually constructed as funds become available. The various cost/benefit ratios, all of which

are $87,500 or less, can be used to help define priorities for construction.

Projects with higher cost/benefit ratios could be selected to address other flooding problem areas;
these less economically efficient projects are given in Table ES-1 (the Engineering Summary
following this Executive Summary discusses these other projects in more detail). One of these
projects, for example, 1s a linear detention pond previously proposed by others along channel
F216-00-00 (Project 46 in Table ES-1 and Figure ES-4 at the end of this summary). The
approximate location of all evaluated projects is shown in Figures ES-1 to ES-6. Pond location,

size and configuration are all approximate.

Total expenditures for projects will depend upon the projects selected for construction. lotal
cost and cost-benefit as well as availability of construction funding and the opportunities for

construction phasing will have to be considered in project selection. The cost-benefit ratio of
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recommended relief swales is low ($21,000 or less), but channel improvements and diversion
ponds, while having a higher cost-benefit ratio, provide greater protection against larger floods.
Some of the construction cost impacts on the City can be reduced by using alternative, less
traditional funding sources such as state or federal loans or grants, joint funding of projects in
cooperation with other governmental entities, or establishing a storm water utility as an

independent revenue source.

Recommended Channel Improvement and Detention Pond Projects

to Address Flooding Problems

: Project Subdivision/ Area Behefiting ' Type of I Prﬂjéé_t | Construction |

1D Improvement | Construction | Cost Per Loss

i Cost Removed'

13 " Fairmont Park, Fairmont Park East I: Channel .Widening : $781,000 | £23,000
| 14 Brookglen | l Channel .I.;-ining | $5,494,000 J $29.400 |
| 15 | Meadow Park, Villa Del Rancho | Channel Widening $1,701,000 : $47.000
| 16 . Lennox Gardens, 1. Street I Pond for Diversion ‘ $1,092,000 i $50,000
‘ 18 Battleground Estates, Pinegrove Valley, P | Channel Lining ‘ $1,032,000 | $54,000
! i Street !
- 19 Shady River Channel Widening | $361,000 ' $60,200
" 21 | Woods on the Bay, Pine BIuft, Shady | Channel Widening |  $600,000 | $75,000

| River
23 | Meadow Crest, CreeT{inont, Glen - | Pond for Diversion $8,3*121,60(H) :- $87.500

Meadows, Fairmont Park, Fairmont Park
West |
| Total 8 Projects | $19,375,000 |

Total Construction cost divided by the number of structures that have been reported in the past to have floeded and

for which recommended projects will alleviate flooding in the future.

As the cost/benefit ratio rises, projects become less economically efficient. At some point, the

cost/benefit ratio becomes so high as to render a project unreasonably expensive. An evaluation

of the cost/benefit ratio (discussed at greater length in the Engineering Summary) for various
ES —4
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potential projects indicates that projects with cost/benefits ratios of $87,500 or less should be
considered for construction while those greater than this amount warrant considerable

justification. All recommended projects meet this criterion.

When project costs are judged to be too high for the benefits obtained, options to consider
include 1) no action; 2) citizen evacuation when severe flooding is anticipated, 3) extensive flood
proofing of individual buildings; 4) property buy-out and/or building relocation; and 5) reliance

upon insurance or emergency relief funds for cost recovery after damage 1s incurred.

Subdivisions where storm sewer system improvements are needed and/or more detailed
investigation is needed to determine the extent of needed sewer improvements have been
identified and are listed in Table ES-2 in order of estimated drainage problem severity. Of these
subdivisions, Brookglen, Creekmont Section 1, Glen Meadows, Fairmont Park East, Pinegrove
Valley, and Spencer Highway Estates have high drainage problem severities; and thus should be
given high priority for problem solution. The Creekmont Section 2 Project is already nearing
construction. Initially proposed improvements have been already identified for Brookglen,
Creekmont Section 1, Glen Meadows, Fairmont Park East; these improvements include relief
swales as part of the project but will require further engineering investigation for defining full

project details.
Future Drainage Issues

Future drainage problems may arise from land development for residential or commercial
structures which would, without mitigation, result in increased rates of runoff and possibly
overtax drainage facilities. Developers are usually required by the City to provide mitigation of
runoff increases. Two approaches are commonly used to provide necessary mitigation: on-site

detention or regional detention. The choice between the two 1s typically dictated by economics.

When regional detention is used, dual use of the detention facilities can also be considered. Not

only can a detention pond mitigate excess runoft from land development, but it can also provide

ES—5
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detention for flood water diversion and mitigation of channel capacity improvements, as well as
habitat improvement, a community amenity, or, during dry periods, recreational opportunities.
Detention ponds can be constructed in phases, with early phases being used to provide detention
for diversion or mitigation and later phases being used to provide detention of increased runoff

from land development.

Table ES-3 lists potential regional detention ponds which could be used to mitigate future land
development impacts or, in some cases, also be used for diversion or channel improvement
mitigation. Approximate locations of the various detention facilities are shown in Figures ES-1

through ES-6.

On-site detention costs are borne by a developer, while regional detention, which combines the
necessary detention mitigation for several different development sites into one “regional”
detention facility, may be constructed using a variety of funding mechanisms. Costs, all or in
part, for regional detention could be borne by developers; the City; by governmental entities
partnering with the City; or some combination of these. Estimated costs for construction of the

various potential detention facilities, when fully developed, range from $613,000 to $26,752,000.

As an aid to assessing these costs, a cost per acre of estimated area available for development
upstream of the detention pond is also listed. Cost per acre of developable land ranges from a
low of $5,800 to a high of $64,000. Ponds at the higher levels of cost are unlikely to be
economically viable; but even for those ponds which are economically viable, the particular
ponds which should or will be built will depend to a considerable extent upon how city

development patterns evolve over time and the urgency for use of a regional pond.
Concluding Remarks

This CWDS recommends a variety of drainage improvement and flood control projects,

including those that can be relatively easily implemented in the short term, those which are more
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complex and expensive but which provide a high level of flood protection, and those which can

be used to address impacts of future development in the City.

Projects can be implemented individually and are not contingent upon each other; sequencing of
projects can be used to implement a series of projects over time. While guidance has been
provided to assist in deciding which projects should receive priority for implementation, the
decisions as to the priorities for construction of improvement projects is, in the final analysis, the

responsibility of City leaders.
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LIST OF PROPOSED IMPROVEMENTS FOR EXISTING CONDITIONS

TABLE ES-1
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= Trapeeosdal {Cancrete® Channel with Bofom Wid u | Propased Relel Swale end Qutfall Fipz can e consirucied
B 10%- 30-01 1+ 4 Relief Swales 1A & ypical Depth 3 0, | individuelly The vost agsocrated wath dis Raumonedation
B Fammor * Increase Quufal| Fips Sizgs — T L] 2R Yes __
[ |
Froposed Reliel Swale and Outlall Pipe can he construcied
* Trapeznics (Conzreta) Chann:d with Sotom Whdth | __ v Fhe eost nasoeiated with this conmendaton
i Spencer Highway .+ 1 Reled' Swale 1 1 & Tvpical Dopth. 3 1L, $30 000 2 51,360 Yes + accounts for all the relicswulos and vullall pipes.
MSQ_.EMR_ Reltef Swalv and Oty C Tl v eonSroc:
= Trapezoidal (Concrete) Ctannel with [Rottont Widt b dividually, The eost ass ed ‘with this ey
n d106-05-00 a Del Ronct o + | Relef Swale | VIR K TTymeal Depthr 3 | 24,000 2 324670 ol Yes avepunis for all the ichiof Swalas and outlal] spes.
Soncrete) Chamne] with Botm Width:] )
E] T191-00-00 Dattlegraund Jisiate = 1 Hefist Swalc yp eal Deprh 3 4 35000 2 §17.500 T No wutiall mproveient propsed
Propased Relief Swale sad Ouifall Pipe are in d-fferent
= 'Irapesmdal (Conereic) Locains They i
* ] Al Swald Pl & Typieal Depth = 4L | “mﬂon_anu with this recommendati 1L gocounts - all the el
1°216-00-00 Ol La 'orle * | Cuefall Foe « Increass Culall Pipe Sixe | $336,000 L1 21,600 i Yez | swales and outfall pipes
Channel Improvements and Diversion Ponds'*
* Trapezansel, earthen crannel (Lrass); 1 ength: 2350
Yolume: 3 2 ac-'t; Maximu Top
Typieal 861 2 .n.wﬁnm__:%_aﬁam_: and Ay
Harrmant Park, karmoent Yark (= ChYnnel Improvemers * M igation Pond (240" x 240% (icluding 30" baun vunstrucied sunultancously, Poid car b coisi suied 10 serve
130 ._.Eccbu..ﬁx | East = Milization Poad Lxvavation Yuolume: 4,011 BRI A0 i F23 L nultin e detent on jrarposes
Klatz Associntes Project No  O127-008-000
Fat e

Jauary 2009
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TABLE ES-1

LIST OF PROFOSED IMPROVEMENTS FOR EXISTING CONDITIONS

‘Totnl Construction [Estimated Land] Recommended For
v Construction | Total Losses | ‘Cost Per Loss | Acquisition Rapid
1303 Channel Laocation Benefiting Modification Type _camnn_ians.: Cosis™ Eemoved Remuved Arep Implementation Comments
S Tubled-1 & 32 firr & ddinonal Lictm 5) 15 (£ 3l {acies)
"

Chaneel Improvements attd Diversion Ponds
|+ Trupeznidal. ( Conarete ) Ul lengsy 5439 L. |
38 3 ge-l; Max mism Top
Widd 114 fr, Typical 8 Channel Improvement and Miligativn Pund should e
« Channel Im #ive) = Mgl Ponud 1575 x 375} Sincluding 30 hermi): ensinecled srmalisnemnsly. Pond cms Se constractad o serve
= Miligstion Pund | Tvzavazion Volume: &% ac-fi S5.404 000 187 59400 124 mulliple delent’vn punses.
rpeza dal {Grass) Chuwel, Leagth 40000 £hanned “mmnveniant-and Mitigat on Pond ghould he
Tasavation ¥ seted simulianesusly: Construction cosLeons: Jers the

A" 1 2-00-00

chanm

| Datt.cceround Cstaies, TR recantly acquired IV §
egrave, Residents slopg P |+ Chanue] bnprove nenul = Miligahon Tond (230" x 25" nneluding 30 kermy, ol avguisition & st regined o0 gativn duter o
27V 1310000 S = Mitigalion Pond Excovation Volome: 7 ac-1t 549,000 19 $45.000 Il - and
v + I'rapuzerdal, Laribhen Chanmel [Grass), Tength, 36080 -}
I'op
Widih. 41 it Twpical 35 2.4
Weadpw Park, Vills Dal = ' hanned [mprovemen® + Miligati~ Sond (3 h13'ng 30" berm), Chanel Improvement and M itigation Pond should he
15007 | D106-05-00 | Rancho = bnipanian Pond Eaocpranon Volume: 10,0 ac-01 FL.700,000 30 a7 ol consmucted simultancon
= Inmensions 4148 x 4107 (including 30 he ), |
xeavalin 1t | tond ean be canstrucled ta serve m poses.
FI-03-00, Lomax Uasden, Residents | * Dimensions: 45 nehuding 30 herm), Recugnize thal syylem & iniercan'setial with F103-08-C0 and
L6 (24, w::._ FLO1-05-00 along L 51 = 2 Diverswon Pond emvalion ¥alnne 29.0 ac-2 $1092,000 | 22 330,000 85 . shwuld he analyzed a5 # sysen in furtherdeta
Meadaw Park, ¥illa el + Diniensioes: $90' X 530 (inchiding 30" e-m), |
170355 [BIO6-05-48 Runchu » | Diversin Pond Exeavahon Velume: 37 ac-ft $1 935,000 354000 R
= Tiapesoidal, carlhen Clianue] {Griss), Leneth. 1608
{1; Excavation Volome: 4.2 ac-ft; Mo
Widdy TR0, Typical$5: 3.3,
w Chant.al tomprevement [ Witigagien Pond {255 < 255 {inslndiog 3 hem); Channcl Improvement wnd Miligado Pund sho
19 | -U0-00 » Mirigauon Pond aime: 6.0 me-1t %361 * S60.200 3 Colsuueed shvancous)y
» Dimensians: {1290' x 1 200 (inchofing 3 berm); i
20 71V [B112-00-10 + | Diversian Ponid Exzavation Yol me: 13,5 ac-t1 511,324,700 /7 $allaing w2 - .
* Trapezeidal. earthen channel { Grass), Length: 6000
ft* Fxcavation Volume: 4 7 ne- 1. Maxunam Tog
Wil 38 N, Tyvpival $5:1.2:4 Channel Tpravernentzud Miugation Pond shuuld be
. Woods Ou The By, Piae = Chunne] Improvemen » Mitigation 2ond {255 % 255 {inclu Pond can hi canstringed o sere
21 (295 -12-00 R, Shady River . * Mut-palion Pond Excavation Yolume: 530 ue-IL 8 375,000 73 =
Faintnomt Park, Fainnonl Park
2213y |BlU6-02-00 Fasl < 1 Wversian Zori | | 32794600 " K2ttt i ) 2 Toarad can e gens Traed foserve mu ple den b
Meadoveres!, Crckmon' |
Ulen Meadow, Tairmont Park. + mmensions: (700 x 700 } fincluding 37 b |
23257 | 3 126-00-00 Fairm®nl [%ark West « 1 Deversion Mond Exvavalivn Votume 228 3 we-i il 45 387,500 | 2913 - Ponl Site is the same 'ocation as Pond % [ op
= vrapezoida (Concrete) Channel; —enseh: Y2235 1), )
Eavuvalion Yolume. 7.9 w11, Maximum Tep Width
13 Tymeal 89121 | | { Channel Improvement and Mitiga ion Poad should be
Lomax Gliren, Residents Jranned 1osprovement * M pateon P (340°% 390 ¢ocledmy 30 e s consbrugted s ubancously: Pond can he construtal 1 seive
24 (163347 F101-03-00 sl 151 =M ion Tond Dxcavation Vaiume 10.0 ac-tl 37000 0 2 $.08.000 89 _ multiple detent’ on purpnses.
= Trapezoidal {Canerete) Clamrd, Tength, 4320 [1, f
Lxcwaation v elume: 0.4 51, Maxmum top
Widr 110 ft; Cypleal 85070
| = Milgahon Pond S40° x 540°) (ocluding 30 sermy, _aﬂr:: el Tiproven st Milgatior Pend ad Diversion Foud
Meadoworest, Crechmont, = Channel Tmprovement Excavation veiume: 48 4 ac-1 Fshuutd be constructed s mubtaneously. Pands can he
Glen Meadow, aicnoy’. Fark 1= Mibigatian Pond ™ Divirsivm Pond {1060 x 1060°) (Ftlud.ng WY {oombrugied by serve mulste dolilion purpuses. Pan L Si s
B 1ue-6-80 Fauni woml Park Wt \» Divrsion Pund Iberm}; “xcavation Volume: 2971 ac | $11,752.000 23 5.23,700 364 | {he same focation as Pend Sile for uption 23
Rlate Agsucrates Troived Ne.: 312 2-008-000 y el Ao
2003 City Widc Drainage Sudy

January 20609 2



TABLE LS-1
LIST OF PROPOSED IMPROYEMENTS FOR EXISTING CONDITIONS

i
Total Construction FEstimated Landy Recommended For,
Construction | Total Losses | Cost Per Loss | Acquisition Rapid
)] Channel Location Benefiiing Modification Type Descriptinn Costs™ Removed Removed Aren Tmplementation Comments
i6e Tabla 4-1 & 1-2 fiwr.Additional Deinits) {51 i#) {5 {acres)
Channel Improvements and Diversion Ponds
| = I rapezpiual Conens la 250, |
Txeavadon Volume: 7 3 ac-ft: Maxaimum Top Whadth:
1441 Tt 55 14
» Trapezeidal. earthen n.?E:w_ (Jrassi. Length: 3500
Hi Faervilieh Yo 3 ac-t; Masunum [ap _
Chanoel Improvernol @nd ML gatior Por 1shoulil be
I Beack Pl Laborie Lrigh |« Chanoet "mprovement ' nctiding 30 er wonarructed sitnulianenusly Pond con be cons macted fa 55 ve
2528, 307 91150400 School = Miliganio s Pengd FlA54.000 i AN L = muliple delenlion purposes.,
Buttleground Eslutes, i
. Pirzgrove, Kes @ chuldzt 30 bermy,
ARV T ETF R _.,.: 1} Diversion Pond )i n Volore: 107 O ac fi B 1§24 m) 234
| *Trapezntdal cancrete Channal Length 2500 11 [
Bavavatim Yolume: 7.3 go-fl. Muximum Top Widih
G?___.Enr [Mipt Replucamnt, Leéngth, umca i Channel Improvement und Mitigation Fond should be
Beach Park, La Porte High pravement » Mitigation: Fond (27 5 2700 Jincln worstruchud ssiglianconsly  Pond cn he eoosirieied to Senve
28 Awm.‘._,j__ Sehenl * M gahon Pend Excavaton Yolame: L1 & 5105004 L | S 22 multpl ¢ detenbion DUTPUECY.
Woods Cn The Day, Tine s nmensions: § T % 90T inchiding 307 berm),
29 211" Al Hiwt Shady River = ! Iversion Pand cavation Valome: 98 0 ac-fl | ST 8 | 578000 14.2 Puned can pe vonstige s 10 serve nisktiple delention pu poscs.
* Trapezaidal earthen channel (Citass): i ength: 3275
o Excovation Voluwe: 17 0 pe-it, Maxunwen Tex!
Widih: 66 {1 Typical 8!
Biy Fro ‘totaForte ban |+ Chane § o avenient = Mihgahon Por ' berin); Chamne mmpra e e s M petan
31 32) -FA1200.00 Jagic Hurnoy ~ Mitiyation Fond Lxcavation Volume. 19.1 a g | A2 i sonstructed sumilianeously
_ Brach Park. Latlorte High [ Inmeneion: T« 11707 (including, 30" aerm) _
28, mwu._. 216-01-00 L Schou] + | Diversion Pond varion Yolume: 229 1 acil SEA13000 § S235.000 I
N Bay .tonttoLa Portc Sau | ensions: 10107 % 1010 (includmg 30° berm); _
32031 | M212-00-00 Aacin Hones = | Dnvension Pond Fxcavaicm Volume: V67 Qac ft 2 156 2 | $3.678,000 34
Projects Previousty Prepared by Others Recummended fur Implementation
= Lenglé: 10,24 1L, Lower fLawhine lrom 517146 1o
Sens 4d, 5801 el Impevement and M n Pond 3lvaald he
* Diline Detonion, Lenpth 2,720 [L Eravation jronstracted simohameonsly. Cond can be comsructed Lo serel
46 F216-06-00 La [orle Prrolume: J51 ac-fi $3 200,10 | 13 | £33 000 14 igle Jetenlion purpnses.

ot 1. The Cily 15 wven™ e

ot

B

Bow 11 Maxtmum Tep Width fer Channale docs nat tnchndz.

Noie & The City is-given the option of solecrng E«a:_a mated L Hevenseats Tou FI00-00-00 Durllie

2N ot the - 8me 20wt 2 S alicd M parcntiss 18 5 alremate pejest 197 fhe <hitanel

t

anie heneft. Vel dos in parmthe s« an a erna

s Values o paenbiesiy i om ulesata

spiva Al oplion ul sl

aamz henatits vl s n g 12 m 5 o e far

el

12 eaelils, Vel i pu
or topional ceicinos, they 2r¢ cssenual |y the SEme ns of smicare.
Mg

s un el et for i

Jab diffareht Lamels Ate erely vead t cenvey
e advemis immaced T chume L inpovt e @ d° cram dzenean pond serves to bandk e lows |

the hanne! in question, The purgese o a rogaonsl doten‘ion pond is to serve thi- sddioal “wr-olf

Tiginienence Serm.

i F o v lupandig,

Teote 2 Relief sevales are chort-term prajects that can be rapidiy imploaien’sd by the Chy but gl veqoives Tiuded coordinalion witl HC FCD
Mot 13 Fos aulice delns uu D iclisl stoam sewa fa spomadiacd - 43 in Yahle 1 * this drnApe EIprovomEnT.
Mrte | 4* Channel i ovements e diversion pands are bnger-term pragents thet wil vequice sig

Mots 1% O misteuetions sosts wchnle estinaed dul uequistion costs,

N
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TABLE ES-2

DRAINAGE AND STORM SEWER IMPROVEMFENTS PROJECTS REQUIRING FURTIIER ANALYSIS

Name of Fiood-Alfecled Aren

(See Exhibit 7,8, & 9 fur

Relat've tmporisnce
on Sealeof 1 to 1010

Number of Residents
Likely 40 Direcily
Benrefit from Drainage

ely Significant Source/Cause of Flonding

" 1
Drainage lmpravements

location) being the Highest} T
| *Prrject 1.3 45 (See f-igure I25-3
| | *Dsatibod Enpineaiog Ana'ystsi .
Creekmaomd Section 2 fePrjeer Appreved by 11CTCTY
{Piojuol T2 43) 0 llnsuff cienl Sinrm Sewer Capad’ty sCurranrly in Consinection Negotitions
L purade Storm Suwer (o 48" @ Gladwyue
| | ‘Bandridge; | ength; 1708 ft
| *Conerete elicl Swebe (lume)
Rrrickglen | _‘ ol I Mixture of Irsufiicient Siworm Sewer Capacity 374 InsufTrcrent C'nannel Capacity (14§ 12-450-003 2 Property Huy Guts
| __._l,nm:aru Stornt Sewer lo 487, Lenplh' 250 fi
| Cunurete Reliel Swale {Qume}
Crneckmon! Seelion L 10 1o .ent Sta’m Sewer Capac ty "2 Praperty Huy Uuls
Lo Porte 9 375 Tnsul ot Channel Casacity {12 L6-d) ha'erl Figineetng Anslyss Heqmired
E prade Stoot Sewes {o 487, Langta: 1BO 1t
{ Concrete Reliel Swale | Nuroe)
IMLomstrued New 357 Stom Sewer Fipe
¢ 0 Meadows L 160 Mirtuer 07 luso flicient $.omm Sewer Capavity and InsulMictent Coannel Capacity (B 106-00-00) 2 Propery Duy Ouls
“orvrele 2elie " Swale (7ome
Upgrals Storm Sewer ta 727, Lenpth, 5,460 A
*[pgrade Storm Sewer on Side Streets lo 48" Length
[RERIR]S
"Reeplace 70 Inlets
| {*7 Pruperty Ruy thuis
Fairmont Park East & U] lusuliterent Surm Sewer Capaeity |Liecenmem Prnd [ xcavanon
IPinegrave Valley L M 220 Mixture of Insufficicat Storm Sew | Detailed Engizeering Andlysis Reg el
'Spencer Tlighway Nstates L _” iy Insuiticient Srarn Sewer Capady Dewiled Engineering Analyais Reguired
T 4irmont Fark West : 30 | nsufficient $ o Sewer sty |‘Dotuited Bopinevrmy Analves
Slenly River “ 154 m Dtailed Frginecring, Analys
Bay Colozy _ 128 __,.ms_._hn_ Engineering Analyvss Req nred
IFarroony Park 6 330
Kayside l'ermce 5 — 2352
Toivax Gerden ¥ 5 | 163
Meadnw Park | ] i 9l Deailed Enginzering Analvsis Required
Old LaPerte " 4 ! 150 IMizewe of logu g Store Sower Caacity and osufficien Channe Capueity (02 16-00-00 Daailed Ltinening Aoalvas Regained
Tsartle Groonds I 4 k] ST 2l % toral Seoer Lupaaty Detailed Engincenng Analysis Requrad
e Blull 8 A1} R nau a1 Skonn Sewer Cape v 463 msudl] Drotailesd Enpincering Analysis Ry nred
Ray Shore Park | 3 ) Lircs Defniled Acvalvais Detaited Engineering Analvsis Requiired
A (Rl sk | k S Insuffscicm Stnsm Seveer Capaciy Utailed Enainest miz Analysis Reqaned
Waors (n The Bay 2 74 d Fapineering Analys s Kequired
¥ '3 3] Rancho i 2 pE| (Mixire of Insufficient Storm Sewer Capacity and Insufficient Channel Capacity Hr-05-000
L Spencer Landinai m 2 Iy #losutTicicnt Siorm Sewer Capacity
Mendmverest 1 s Sewe Capili'y
Batttegrnund lsare q 1 pit] Sewer Tzl
DBay Frun, Tv La Pore ._ £} 4an
San Jacizto H { A ']

Mune 1: See Appendix D of repert for constricticn Costs associated with seleet projects.

Kotz Associates Project No.: G127 008000
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TABLE ES-3

LIST OF PROPOSED IMPROVEMENTS FOR FUTURE CONDITIONS

Estimated
Total Future Land Construction
Construction| Developable | Acquisition | Cost Per Acre
1D [Channel Lovation Benefiting Modification Type Description Costs’ Land Area of Development|
] {acies) iacres) ()
Fairmont Pa.k. Fairmont * Dimznsions: 310 x 310' {including 30" berm),
33 4 106-02-60 Park LBast « 1 Kegicnal Detention Pond umxomeﬁmom Velume: &8 ac-fl SA13,000 L3 2.2 48000
Lomax Garden, Residerlz * Dimensions: 440° % 440° (meluding 30' benn);
34 F101-02-00 alang L5t + | Regiena' Deteativn Pod 'Excavation Yolume: 21.3 ac-t 5844,000 13 4.4 i 364,000
Beuch Purk, Ly Porte High * Dimensions: 330" « 3300 (mcluding 30 herm);
35 Frie-n1-00 School » 1 Regional Detention Pond Exeavation Velume: 24.6 ac-ft $939.000 18 215 $52.000
Pinegrove Va'ley. Residents * Dunensions 360" x 500' (including 30 berm):
36 11101-06-00 along L 'Stand P 5t * | Regional Detention Pond Excavar'or Velume 28.3 ac N 31,114,000 18 5.7 L $s3.000
Bay Frost w La Parte, San + Dimensions. 650" x 530" (including 30" herm):
37 F212-00-00 Jaciwo Homes = | Reeiona! Peter tivn Pard xcavation Voelume 83.3 ac-ft 52,601 000 65 9.7 $46.000
* Dimensions: 47075, 470" (including 30° berm);
Excavat’on Volunc: 41,0 ac-ft
* Dimensions: 390" x 390" (including 39" herm);
Excavation Volume: 16 0 ae-ft
Brookglen, Spencer + D'mhis onst 38" x 5B (including 3¢ berm);
iR 131 12-00-90 Highway Estates 3 Repional Detention Ponds Excavation Volume: 39.0 ac-11 $3.4632,000 48 1673 $2:4.700
Battogroand Fatalos,
Pinegrove, Residents a'ong = Dimensiuus 930" 1 930" (including 30 berm);
36 TU1-00-9) P St + 1 Repional Detentiofi Pond Excavatian Voiure: 1075 ae-Il $4.153,000 80 39.7 $52,000
* Dimensions 68¢' x 680" (includ'ng 39" berm);
Lixeavat’on Volume. 32.0 ac-ft
« [¥mengions: 770" & 770 (including 30° berm);
Excavation Vo'uhe: 72 0ac-f
« Diensions: 300 x 308 (inc:uding 30" berm):
4 F216-00-G0 0id 1.a Parte, 1.a Patte * 3 Reg'onal Delention Pends Lxcavation Vo'ume: 24 ac-ft $5,184,000 576 263 59,000
Woods On Thz Bay, Pine . * Tinersivns: (0400 x 1040° (including 30" berm )
4! Alld=12291 T Shady River = 1 Reg onal Detzmtion Pond Excavation Vo.ume, 36,0 4c-fi $5,243,000 100 248 i $52.000
Meadow Park, Villa 13el - Dimensions: 1 050" x 1050° {including 30' berm?;
42 BI116-05-00 Ranche |+ 1 Reg"onal Uetention Pond Excavaiine Vowme: 1606 uc-i $6.031.007 19 253 £51.000
Meadoweres!, Creekmont,
Glen Meadow, Fairmoni = Dimensions: 1030 x 1050 {including 30'
43 B106-03-00 Park, Faitmont Park West |+ | Reglonal Detention Pond Excavalion Vo ume; 2030 ac-fr $7.350,000 1260 253 $5.800
= Dimenslons 1220°x 1200 {incloding 30" ham) i
Cxcavation Volume: 183.0 ac-f
* MHimensions: 540" % 540 (mctuding 20 berm);
Excavation \ o'ume: 34 0 ac-(i
[ | Dimenslois: [630'% 1630 {including 30 bon:,
44 |A104-D0-DD | La Porte, Shady River + 3 Regiona! Detention Pands | Excavation Volume: §10.0 ac-1i $26.752.000 850 101 $30,058

Note [: Constreciion sosts ing’ade estimated land acquistion costs,

Klotz Associates Project
January 2000

. 10127-008-000

Lefl

Cily of La Porle
City Wide Drainage Study
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ENGINEERING SUMMARY

A City Wide Drainage Study (CWDS) for the City of La Porte (City) was undertaken to identify
and describe existing and future drainage and flooding problems across the City and devise
solutions for the identified problems. Sources of drainage and flooding problems in the City are
several and vary with location in the City. Some channels and major drainage ditches have
insufficient capacity for conveyance of the runoft from severe storm events. Sometimes low
lying developed areas adjacent to but beyond the boundaries of a ditch or channel can become
flooded even if the channel itself is not full because water levels in the channel are above the
level of the adjacent low lying areas. Ponding in low lying areas is sometimes caused by lack of
surface pathways to rapidly drain away storm waters which are not captured and carried away by
storm sewers. Storm sewers draining to a channel or ditch may not always have sufficient
capacity to prevent collection of waters in streets and adjacent properties. Storm sewer system
capacity can be limited by pipe size, insufficient numbers of inlets, debris-blocked inlets, or
backup of water in the storm sewers due to high water levels in receiving channels. Storm
drainage problems in the City are also in part due to natural effects common to coastal areas:
Ground slopes are relatively small, making it difficult to rapidly drain away storm runoff waters.
Tidal effects worsen drainage conditions, with storm tidal rises or storm surges causing rising
water levels in the channels and bayous near the coast and limiting how well water can drain.
The Texas coastal area is also subject to frequent but severe storm events with large amounts of

rain falling in short periods of time, often overpowering drainage systems.

This planning report presents the result of the CWDS and provides recommendations for
improved drainage infrastructure to reduce flooding and its impacts in the City. Three letter
reports have been previously developed as part of the work leading to this CWDS report. Letter
Report No. 1, dated March 10, 2008 described the City’s existing drainage infrastructure and
general data collection activities. The City lies in three major watersheds: Armand Bayou, Clear
Creek, and San Jacinto/Galveston Bay. Assembled data and previous reports by others (see
Appendix A in the main report following this summary) were used to provide a preliminary
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identification of apparent critical drainage problems and definition of short term solutions to the
more critical problems. Sources of current drainage problems include inadequate channel

capacities, lack or blockage of sheet flow outlets, and inadequate storm sewer system capacity.

Letter Report No. 2 dated May 7, 2008 also provided a description of tlooding conditions using
hydraulic models to provide additional evaluation of critical drainage problems, and determine
potential storm sewer system limitations and possible solutions. Several short term solutions
were also proposed for sewer systems in four subdivisions currently experiencing significant
drainage problems; these are summarized in Table ES-2. Details of these particular solutions are
described in Letter Report No. 2; Appendix C of the CWDS report following this summary
provides summary tables from Letter Report No. 2 describing the proposed improvements.
Other concentrated studies were used to address a current solution in Creekmont Section 2 which

now nearing construction (see Project 45 in Table ES-2).

Letter Report No. 3 examined drainage criteria and standards and made recommendations for
their improvement. Long term flooding problems were identified and prioritized. Conceptual
solutions were identified. Conceptual solutions which are considered practical for use in the City
are channel widening, channel lining, more etfective use of overland storm flow relief pathways,
construction of diversion and detention ponds, upgrading of storm sewer systems, and use of
regional detention. Potential funding sources and mechanisms for drainage and flood control

infrastructure were discussed.

Drainage problems arise from high tides and surge induced by Galveston Bay storms; such tides
and surge impacts cannot commonly be mitigated by drainage infrastructure improvement. To
limit storm surge impacts, considerations should be focused upon such options as early flood
warning systems for citizen protection for near shoreline areas, evacuation in severe storm
situations, construction of finished floor slabs and roadways above predicted storm-produced

high tides or surge levels, construction of coastal storage systems in conjunction with tide gates
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at the mouths of bayous; flood proofing of residences; and potential property buy-outs of

frequently affected homes.

This CWDS report brings together pertinent information developed in the three letter reports as
well as information developed subsequent to the letter reports to document both current drainage
issues and anticipated drainage problems arising from future development. The conceptual
strategy for addressing current and anticipated flooding and drainage problems consists of two
basic evaluations: 1) Solutions to current drainage and flooding problems, and 2) potential
mitigation of future drainage problems. To perform these evaluations, existing Federal
Emergency Management Agency (FEMA) hydrologic (HEC-HMS) models and hydraulic (HEC-
RAS) models for most major channels in the City were gathered and evaluated; these models
were termed FEMA models. Limited field survey along with other data was used to construct
approximate models for some bayous and tributary channels for which FEMA models had not
been developed; these later models are termed non-FEMA models. Collectively, 16 different
FEMA and non-FEMA models were moditied or developed to evaluate flooding conditions and

identify possible improvements to reduce flooding problems.
Solution of Current Drainage and Flooding Problems

To address the current flooding problems, channel improvements, development of relief swales
(i.e., directed sheet flow pathways), storm sewer outfall improvements, limited storm sewer
improvements, and detention ponds for flood flow diversion (termed “diversion ponds™) were
considered. Proposed improvements made in prior studies by others were also considered as
appropriate to the drainage problems identified in this study. While detailed storm sewer
network analyses were not included in this planning level study, information on storm sewer
systems was utilized in defining surface drainage systems, identifying the need for storm sewer

system improvements, and in some cases identifying upgrades for sewer systems.
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Recommendations for drainage system improvements to address current flooding problems are
summarized in Table ES-1 (located at the conclusion of the Executive Summary). Various
potential projects are identified by a Project Number. Figures E-1 through ES-6 locate where the
improvement projects are proposed. In some cases options for addressing the same drainage
problem are provided (e.g., as in the case of Projects 14 and 20 for the Brookglen area). Table
ES-1 identifies the improvement, the area it benefits, and the channel or channels for which the
improvement is being made. The table provides a basic description 6f the improvement, its
estimated cost, and its benefit in terms of estimated reduction in number of flooded
(predominately residential) structures. Information for identification of previously flooded
structures included repetitive loss and flooding report data provided by the City. (Flooding
reports are detailed in Exhibits 2-6 through 2-11 at the end of the main text.)  The potential
projects are ordered according to their cost/benefit, computed as the ratio of the cost for the
improvement divided by the estimated number of structures removed from flooding. This
cost/benefit can be used by City leaders as a tool for defining priorities for construction of

proposed improverments.
Relief Swales

Among the various improvements proposed, surface storm water relief swales are relatively
inexpensive and easily implemented. Relief swales are essentially shallow, wide ditches located
to carry ponded water away to larger drainage ditches or channels and are used to improve the
storm sewer system drainage. Relief swales are recommended when storm drainage conditions
indicate the swale will be effective and construction will be feasible. In the urban areas of La
Porte, where land availability of drainage easements is typically limited, swale widths can be
kept to a minimum by using concrete swales, as opposed to grass swales. The recommended

swales are assumed to be concrete lined swales.

Recommended relief swales with their basic sizes are given in Table ES-1; locations of the

proposed relief swales are shown in Figures ES-1 through ES-6. The swales are used to improve
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drainage in arcas where significant amounts ot flooding problems have been reported and

evaluation indicates lack of overland drainage for sheet flow discharge.

Some proposed relief swales are proposed to be located in a storm sewer system outfall
easement; in these cases, the outfall pipe will require replacement in addition to construction of
the swale (e.g., see Project 2 in Table ES-1). Storm sewer system capabilities can also be
improved by increasing the outfall pipe size and thereby reducing the “chocking™ effect it has on
upstream storm sewers during extreme event storms. Such upsizing is identified when review of

storm sewer system data indicated that the existing outfall was undersized.

The following table summarizes the proposed relief swale projects:

Recommended Relief Swale Projects

Pr(;ject_ ! Subdivision/ Area | _Typ_e of Improvement | Project 'COST/BENEFIT: |
ID | Benefiting j Construction |Construction Cost
.\ : Cost Per Loss
; i Removed' I
! Pinegr(;ve Vall?;_ __ Relief Swale B $6,000 $140 |
" 2 |Brookglen Relief Swales & Outfall Pipe Upgrade | $95,000 | $350
3 =i‘:&lirnﬁ i3_51rk West  |Relief Swales & Outfall Pipe Upgrade $57,M : 5_3_70
4 lGlenMeadow |Relief Swales & Outfall Pipe Upgrade | $30.000 | $540
5 [Meadow Park Relief Swales & Outfall Pipe Upgrade |  $13,000 | $5‘_‘0 B
6  |FumontPark |Relief Swales & Outfall Pipe Upgrade | S19000 | $560
i Creekmont Section 1 __l_l'felief Swale & Outfall Pipe Upgrade | $34,000 | §610 ,
! 3 -l_Fairmont Park East }Relief Swales & Outfall Pipe Upgrade i $65,000 | $860 i
| 9 |SpencerHighway |Relief Swale | 830000 | S1.360 |
| 10 |Villa Del Rancho |Relief Swale | $24000 | $2,670 {
!_ _ 11 iBatt]eground Estates | __Rehef Swale_ E| $35,000 | $17,500 _:
|12 I Old La Porte | Relief Swale & Outfall Pipe Upgrade E $336,000 | $2] ,000 ]I
| I '. Total 12 Projects | S744000 | |

! Total construction cost divided by the number of structures that have been reported in the past to have flooded and

for which the recommended project will alleviate flooding in the future.
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Areas where sewer system improvements are needed are listed in Table ES-2. Reasons for the
needed sewer system improvements can be several, including insufficient pipe size, insufficient
street inlet capacity, or high tailwater levels in the receiving channel. High tailwaters are
fundamentally a problem in the receiving channel capacity, while insufficient capacity of storm
sewer pipes and inlets is a true storm sewer deficiency. An identificationt of the likely source of
the storm sewer system problem, either insufficient receiving channel capacity or insutficient
storm sewer system capacity, is given. In some cases the flooding was judged to a combination

of both causes.

investigation is needed to determine the extent of needed sewer improvements have been
identified and are listed in Table ES-2 in order of estimated drainage problem severity. Of these
subdivisions, Brookglen, Creekmont Section 1, Glen Meadows, Fairmont Park East, Pinegrove
Valley, and Spencer Highway Estates have high drainage problem severities; and thus should be
given high priority for problem solution. The Creekmont Section 2 Project is expected to
constructed in the near future. Some proposed improvements have been already identified for
Brookglen, Creekmont Section 1, Glen Meadows, Fairmont Park East; these improvements
include relief swales as part of the project but will require further engineering investigation for

defining full project details.
Channel Improvements and Ponds for Diversion of Flood Waters

Channel improvements or detention ponds to which some channel flood flow can be temporarily

diverted (i.e., “diversion ponds™) are recommended where the out-of-bank flow or high in-

channel water levels. The latter condition may be a primary source of flooding when low lying

areas at less than top-of-channel bank elevations occur beyond the channel banks and channel

flood waters can move from the channel (through low points along the bank or by sewer backup)
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into the low lying areas, as illustrated in Figure ES-7 for Ditch B112-00-00. Out-of-bank or
adversely high in-channel flooding is evatuated for the 100-year flood frequency. A 100-year
design frequency criterion is used in the City as well as by other municipalities and drainage
districts throughout most of the Houston area for assessing flooding impacts for severe storm

events.

Channel improvements are accomplished by one of following: widening of the channel, lining
the channel with concrete to reduce flow resistance, or a combination of these two methods.
Table ES-1 lists the proposed widening projects while Figures ES-1 through ES-6 show where
channel widening is proposed. Widening is accomplished by generally excavating the soil in
mid and lower portions of the channel to make full use of the channel right-of-way as
approximately defined by the existing approximate top width of the channel. Slopes for non
lined channels are set to a maximum of 3:1 (i.e., 3 horizontal to 1 vertical} as defined by City
design criteria. In many locations, current land use will preclude significant channel widening
and improvement in the channel capacity will require lining of the channel, as currently exists in
many of the major ditches and channels in the City. The data of Table ES-1 indicates which
channels are recommended for actual widening and those channels which, because of limited
space for channel widening, would be recommended for concrete lining. In some instances,
large drainage pipes might be used as an alternative to channel widening (e.g., see Project 28 in

Table ES-1).

Increase in downstream flows is an adverse impact from channel improvements; this impact can
be mitigated with detention ponds (i.e., “mitigation ponds™) specifically designed to capture the
flow increase and temporarily detain the increase until it can be released without adverse impact.
All channel widening or lining projects include as part of the project a detention pond to mitigate
(hence the name “mitigation pond”) the adverse downstream impacts arising from the enhanced
discharge capabilities of the improved channel. Potential sites for the mitigation detention ponds
are shown in Figures ES-1 through ES-6. In some cases, optional locations for a mitigation pond
for one particular channel improvement are shown; in such cases, the actual mitigation pond
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would be either at one of the two sites, or, possibly smaller ponds would be used at each of the
optional sites. Detailed engineering analyses would be required to identify the optimal number,
configuration and sizes of individual ponds. In all situations, the pond contigurations, locations,

and sizes shown are only approximate.

In special situations, mitigation may be avoided if it can be demonstrated that adverse impacts or
are absent or of very little consequence. An example of this possibility 15 provided by the
improvements for Ditch F216-01-00, for which three alternatives have proposed (Projects 26, 28,
and 30 in Table ES-1). Project Options 26 and 28 include a mitigation pond; however, the
channel improvement extends to the confluence of F216-01-00 and F216-00-00, which lies quite
close to Galveston Bay. Thus locations downstream of the channel improvements’ potential
impacts are quite limited in extent, and because of the relatively large flows that occur in F216-
00-00, the increases in flow due to improvements along F216-01-00 may be so small, in a
relative sense, that they are inconsequential. Hence, mitigation of the channel improvement may

be unnecessary. Detailed engineering analysis would be required to confirm this speculation.

It is recognized that using channel lining to improve channel conveyance capacity is not
desirable from an environmental or permitting perspective. On the other hand, widening of the
channel with 3:1 or flatter side slopes will often result in a channel width that will significantly
impact adjacent properties, including in some instances actual residences and consequent

requirements for possible buy-out of atfected residences.

Therefore, the option of off-channel diversion detention storage is sometimes considered. Table
ES-1 identifies proposed detention ponds for diversion use while Figures ES-1 through ES-6
show approximate locations of the diversion ponds. Pond configurations, locations, and sizes
shown are only approximate. When optional locations are available for a mitigation pond, the

optional locations are shown.
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In developing channel capacity improvements, channel widening is given preference over
detention since widening is typically less expensive than other improvement options. However,
in some instances, diversion to a detention pond may become the preferred choice or part of a
preferred choice because of either its relative cost, the potential use of the detention site to serve

multiple uses, or other special characteristics of the project.

Thus, for example, two alternatives (Projects 23 and 25) are proposed for Ditch B106-00-00
(also know as Big Island Slough); see Figures ES-2 and ES-3. Project 25 proposes a concrete
lined channel, mitigation pond, and an approximately 207 acre-foot diversion pond. Project 25
requires diversion detention in order to limit channel lining to between Spencer Highway and the
confluence of B106-00-00 and B106-02-00. Estimated construction costs for this project are
$11.7 million (see Table ES-1). Project 23 proposes a larger diversion pond, with 228 acre-feet
of storage, in approximately the same location as that for Project 25 but no channel
improvements. The cost of Project 23 is only $8.3 million. The farger pond size of Project 23
achieves the same net result as the combined channel improvement and smaller pond of Project
25. Between these two alternatives, the alternative without channel improvement is the preferred
alternative; the Project 23 choice, which does not include the channel hining, is clear because the

diversion ponds of both projects are located at the same approximate location.

For flooding along Ditch B112-00-00 (Willow Springs Bayou) in the western “panhandle” of the
City, two alternative solutions have been identified. Flooding in this panhandle segment of
B112-00-00 is due not primarily to over-bank flooding, but, rather, due in large measure to
flooding of low lying areas beyond the channel banks even before the water levels rise to the top
of chanuoel. As illustrated by the representative channel section view in Figure ES-7, some areas
beyvond the channel bank are low relative to top of the channel. Rising flood waters in the
channel can move out the channe! through low points in the channel bank or by backup into
sewers into these low lying areas. The widening necessary to keep channel flows low enough to
prevent flow from the channel moving into low lying areas is large (some 175 feet if 30-foot

channel maintenance berms are included; see Project 14 in Table ES-1). Therefore diversion of
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flow to detention storage to lessen the maximum flow and lower the water surface in the channel

becomes a potential option to widening of the channel.

Diversion sites of sufficient size in the City that could provide sufficient storage to generally
lower water levels in B112-00-00 to the point where flooding and backup of waters into
residential areas is not a problem are not available. However, some open lands north of the City
boundary not committed to future development are apparently currently available for a diversion
pond (see pond site for Project 20 in Figure ES-1). Because of its location, coordination for
development of this site would have to be pursued in close cooperation with the adjacent city and
other stakeholders. The estimated cost for the channel lining project within the City Iimits,
Project 14, is approximately $5.5 million, while the estimated cost for diversion pond
construction outside of the City limits, Project 20, is $11.3 million. However, the diversion
project has potential regional benefits (and does not have the undesirable environmental features
of a lined channel) and thus has consequent possibilities for cost sharing with other parties. Thus,
before a decision is made as to which option to pursue; discussion needs to be undertaken with
the adjacent city as well as other stakeholders such as the Harris County Flood Control District

(HCFCD) as to the possibilities of development of the site for a detention pond.

The estimated costs for constructing the various recommended projects (exclusive of sewer
system improvement costs) to address current flooding and drainage projects are listed in Table
ES-1. The cost elements include land acquisition (assumed to be developed land for channel
improvements and undeveloped land for ponds), site preparation, excavation, lining (when used),
culvert removal and/or installation (when part of the project). and site stabilization after
construction. Because of the nature of home buy-out, buy-out as an alternative to channel
improvements or diversion ponds was not specifically evaluated. The recommended priority for

the various projects is based upon the cost-benefit analysis described above.
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The various channel improvement and diversion pond projects range from a low of $361,000
(Project 19) to a high of $11,752,000 (Project 25). Cost/benefit ratios range from $23,000
(Project 13) to $3,078,000 per loss removed (Project 32).

Total expenditures for projects will depend, of course, upon the projects selected for construction.
Total cost and cost-benefit as well as availability of construction funding and the opportunities
for construction phasing will have to be considered in project selection. The cost-benefit ratio of
relief swales is low, but conveyance improvements, because of the high level of protection they
provide, have larger costs. Some of the construction cost impacts to the City can be lessened by
using alternative, less traditional funding sources such as state or federal loans or grants, joint
funding of projects in cooperation with other governmental entities, or establishing a storm water

utility as an independent revenue source.

As the cost/benefit ratio rises, projects become less economically efficient. At some point, the
cost/benefit ratio becomes so high as to render a project unreasonably expensive. Clearly some
of the higher cost/benefit projects of Table ES-1 fall into this category. Precisely where the
breakpoint lies between an acceptable and an unacceptable level of cost/benefit level 1s a matter
of policy, availability and source of funds, and competition for funds. However, some guidelines

for selecting a breakpoint can be identified, as described in the following.

If the project (Project 32) with the highest cost/benefit (and a cost of $6.2 million) is removed
from consideration, the largest cost/benefit drops to $935,000. Clearly a cost/benefit of this
magnitude for removal of a loss is unrealistic. 1f, however, only the most cost efficient options
(i.e., smallest cost/benefit) are considered among the various options (while still excluding
Project options 32 and 33 for Channel F212-00-000), Projects 30, 29, 28, and 27 can be removed
and the largest cost/benefit drops to $161,555 (for Project 26). The largest project cost, however,

still remains at $11.8 million, just as it did before any projects were dropped from consideration.
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If, however, Project 26 is removed from consideration, Projects 25 and 24 can also be removed
from consideration because they have more efficient options. Consequently, the largest
cost/benefit drops to only $87,500 (for Project 23) and the largest project cost drops to $8.3
million (also for Project 23). The projects removed from consideration reduce the channels for
which projects remam from [0 to 8. Additional removals require more comprehensive

considerations that would involve City policy and funding considerations.

Recommended Channel Improvement and Detention Pond Projects

to Address Flooding Problems

1}

‘ Project | Subdivision/ Area Benefiting Type of | Project | Construction
ID |: Improvement | Construction | Cost Per Loss |

‘ l l Cost | Removed'

: 13 | Fairmont Park, Fairmont Park East [ Channel Widening | $781,000 |  $23,000 |

l‘ 14 | Brookglen iLChannel Lining | $5494000 | $29.400 |
15 Meadow Park, Villa Del Rancho ! Channel Widening $1,701,000 $47,000 |

[ 6 Lennox Gardens, L Street ! Pond for Diversion | $'1',6_92_,000 - $50,000 |

|18 | Battleground Estates, Pinegrove Valley, P | Channel Lining | $1,032,000 |  $54,000 |

| Street ' ‘I ‘

| 19 | Shady River | Channel Widening I $361,000 { $60,200

| 21 | Woods on the Bay, Pinc BIuff, Shady | Channel Widening | $600,000 | $75,000 |

' River i

25 | Meadow Crest, Creekmont, Glen [ Pond for Diversion | $8,314,000 |  $87.500 |

[ Meadows, Farrmont Park, Fairmont Park

| West f ;
'. Total 8 Projects . $19,375,000 ll l

! Total Conétmction cost divided by the number of StrllCtl.ll’BS that have been rep-oned in the past to have flooded and

for which recommended projects will alleviate flooding in the future.

Thus, in view of project cost/benefits and total projects costs, $87,500 per loss removed appears

to be a reasonable breakpoint for deciding whether channel improvements or diversion ponds are
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appropriate to addressing flooding problems. Projects which have higher cost/benefit levels

could be considered, but warrant considerable justification.

If then the least expensive_pro’ect of the various options for a particular channel which meet the

$87,500 criterion is selected for implementation, the projects listed on the previous page result.
Future Drainage Issues and Regional Detention

Future drainage problems may arise from land development for residential or commercial
structures which would, without mitigation, typically result in increased rates of runoff. Such

increase in storm water flows could overtax existing or already improved drainage facilities.

Development is typically required by the City to provide mitigation of runoff increases, i.e.,
construction of facilities that eliminate the increased runoff. Two policy-based approaches are
generally considered in providing necessary mitigation: on-site detention (possibly coupled with
best management practices which reduce the amount of runoff generated) or regional detention.
In practice, a combination of the two approaches is used. Some areas or developments may rely

upon on-site detention while other areas or developments may rely upon regional detention.

Regional detention facilities were evaluated for planning purposes. Planning for regional
detention requires an identification of potential detention volumes and locations where detention
facilities might be located. Under the assumption that regional detention is used, Table ES-3
identifies potential regional detention projects which could mitigate future land development
drainage impacts or possibly be used to address yet unidentified current drainage problems.
Possible approximate locations for the various detention facilities are shown in Figures ES-1
through ES-6. For illustration purposes, pond shape is usually assumed to be square. Actual
pond configuration would depend upon site specific details such as property boundaries, site

topography, and necessary characteristics of inlet and outlet works.
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There are a variety of pros and cons in the use of regional detention as an alternative to on-site
detention for runoff control from future development: On-site development costs are the sole
responsibility of the developer but potentially taxable land is lost because of pond development.
On-site detention is easily implemented, while regional detention requires more coordination of
interests to develop. Regional detention allows multiple uses of the detention and consequent
multiple sources for funding, but land must be available in sufficient amount in proper locations.
A prime concern for any detention facility is land acquisition; availability of land can often be a
significant limitation in regional detention pond development. On-site mitigation does not

require the single large tracts of land for a pond that a regional pond requires.

Regional detention ponds lend themselves to a variety of different funding mechanisms. Costs,
all or in part, for regional detention could be borne by the City, by developers through payments
to the City, or some combination of City and developer funds. If the detention system serves
regional purposes beyond just mitigation of land development projects, Harris County Flood
Control District (HCFCD) may participate in the detention pond development and the costs of its
construction. Estimated costs for construction of the various detention facilities are given in
Table ES-3.  As an aid (only) for assessing these costs, a cost per acre of developable land is

also listed.

The potential regional detention facilities are ordered according to estimated total cost for full
development of the detention site. Phasing of pond construction to match detention needs as
they develop could be used to spread costs over time. What regional facilities are actually built
first will depend upon how city development patterns evolve over time, costs of on-site vs.
regional detention for specific land development projects, and what detention needs other than
mitigation of development runoff may be served by the pond. The listing of Table ES-3 is not
intended to define which regional detention facilities should be built or which should be built

first.
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Concluding Remarks

To maximize the effectiveness of proposed drainage improvements and minimize future drainage
problems, the City should rigorously enforce drainage criteria and standards. Future finished
floor slab and critical roadway elevations should be established. Provisions for sheet flow relief
pathways and assurance of adequate capacity in new sewers systems which meet upgraded City
criteria should be enforced. Construction in flood hazard zones and flood-prone areas should be
avoided as much as possible. And, to the extent that they are not already in place, agreements
need to be developed between the City and HCFCD to assure adequate levels of channel

maintenance to maintain channel conveyance.

Implementation of recommended projects can initially focus upon very cost efficient, less
expensive projects such as relief swales, which can be relatively easily implemented. Larger,
more complex projects to address flooding problems along channels as well as detailed analysis
of some storm sewer systems should follow. The more complex flood protection projects will
require more effort to implement, but will provide a high level of flood protection. Selection of
the more cost efficient alternatives will usually facilitate project implementation. Impacts of
recommended improvements should be recognized and appropriate mitigation implemented.
Regional detention opportunities should be explored when impacts lie or have their source

beyond City boundaries.

Projects can be implemented individually and are not contingent upon each other; sequencing of
projects can be used to implement a series of projects over time. While guidance has been
provided to assist in deciding which projects should receive priority for implementation, the
decisions as to the priorities for construction of improvement projects 1s, in the final analysis, the

responsibility of City leaders.
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SECTION 1
INTRODUCTION

1.1 Purpose and Scope

Klotz Associates, Inc. has prepared a City Wide Drainage Study (CWDS) for the City of
La Porte (City). This CWDS provides a plan for the City which identifies and describes
existing and anticipated drainage and flooding problems in the City and develops both

short and long term conceptual remedies for the identified and prioritized problems.

The general scope of the CWDS includes the assessment and detailing of drainage and
flooding problems; examination of hydrologic and hydraulic conditions as a basis for
characterizing problems and identifying potential remedies; characterization and
prioritization of drainage and flooding problems using various hydraulic modeling
methods; development of remedies for addressing the drainage problems; estimate of the
cost of potential remedies; and recommendations and considerations in implementing

conceptual remedies.
1.2 Authorization

Development of the City Wide Drainage Study by Klotz Associates was authorized by
the City of La Porte by agreement dated January 29, 2008.

1.3 Prior Reports of Present CWDS Report

Pursuant to scope, three prior reports have been prepared as part of the development of

the CWDS,
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Letter Report No. 1, dated March 10, 2008, collected and assembled key data (Tasks 1.1
and 1.4 of scope), generally described the watersheds and drainage system in the City
using various techniques and data including LiDAR data (Task 1.2), and conducted and
documented site visits (Tasks 1.3). Key drainage reports developed prior to the present
study were also summarized (Task 1.6). In addition, the assembled data was used to
assess and provide a preliminary identification of apparent critical existing drainage
problems (Task 1.5). This assessment led to identification of short term solutions (Task
2.3) which were communicated to the City Council and Flooding and Drainage

Committee (Task 2.4).

As part of the data gathering activities documented in Letter Report No. 1, available and
previous prepared hydrologic and hydraulic data and models for various bayous in the
City were obtained (Task 2.1). Review and update of the models continued though
preparation of Letter Report No. 2 and Letter Report No. 3 (Task 2.5). Modeling was
assisted with limited survey for selected bayous (Tasks 2.6 and 3.1) so that models and
identification of drainage and flooding problems could be refined for both existing and

estimated future conditions (Task 2.5).

Letter Report No. 2 provided a description of flooding conditions (Task 2.2) and
provided a detailed description of the available hydraulic models (Task 2.5), while update
of the models continued. Letter Report No. 2 also provided additional characterization of
critical drainage problems and refined improvements for addressing short term drainage
problems. Letter Report No. 3 completed the development of hydraulic models for the
various bayous in the City being studied. A report on key aspects of the findings
documented by Letter Report 2 was presented to the City Council and Flooding and
Drainage Committee (Task 2.4).

Letter Report No. 3 examined drainage design criteria and standards (Task 4.1) and made

recommendattons for modifications to the City’s criteria. Long term drainage problems
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were described and prioritized (Task 4.2) with regard to the relative adverse impacts on
the residential areas. Reasons for drainage system deficiencies were categorized as a
preliminary to developing conceptual remedies. Conceptual remedies were generically
described, and preliminary unit cost factors to use in estimating remedy costs were
determined (Task 4.3). Potential funding sources for capital improvement projects
addressing drainage and flooding issues were identified (Task 4.4). Information
developed for Letter Report No. 3 was provided to the City Council and Flooding and
Drainage Committee (Task 4.2).

Management of the execution of work leading to these letter reports as well as the CWDS

Report was performed pursuant to Tasks 1.7, 2.3, 4.4 and 4.5.
1.4  CWDS Report

This CWDS Report brings together (pursuant to Task 4.5 of the study scope) the more
cogent aspects of the three letter reports to quantify the character of the problems as
deduced from both carlier evaluations in the three letter reports and application of the
hydrologic and hydraulic models to specific bayous and channels. This application
provides estimates of channel capacities and identifies where capacities are insufficient to
meet capacily design goals to further define the nature of the drainage problems in the
City (Task 2.2). Various workable remedies for achieving the design capacity are
identified at a conceptual level and approximately sized and located (Task 4.3).
Remedies include possible channel modifications and detention storage. Approximate
dimensions of modified channels are presented. Potential detention pond locations are
identified and storage requirements quantified. Remedies are described for the study
bayous on a bayou-by-bayou basis. Estimated costs of proposed remedies are provided
(Task 4.3). Potential ways to prioritize implementation of drainage improvements are
suggested. Issues in implementing the potential improvements are discussed and
recommendations are presented.
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1.5 Data Sources

The data that was gathered was from a variety of sources, including earlier studies and
reports from the City, HCFCD, and Consultants; hydraulic and hydrologic models from
FEMA; plans and profiles of existing storm drainage systems; field reconnaissance; and
from discussions and correspondence with residents’ and City Staff input. Appendix A
provides a tabulation of earlier studies and reports reviewed as part of the development of

this CWDS.
1.6 Acknowledgments

Klotz Associates wishes to acknowledge the support and help of the following people in
providing data, photos, or insight into the drainage systems and conditions in the City of
La Porte, including the City Staff and the Department of Public Works, the Flood and
Drainage Committee of the City of La Porte, Harris County Flood Control District
(HCFCD), and the people of La Porte. The City Staff provided important information for
this report and helped significantly in identifying current flood problems and issues
reported by citizens of the City. Coordination with local communities in the area was
facilitated by HCFCD and the City’s Drainage Committee; monthly meetings with the

Committee were important to improving our understanding to issues of concern.
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SECTION 2
DRAINAGE AND FLOODING CONDITIONS

21 Background Infermation

The City lies entirely within Harris County, Texas, and encompasses approximately 19.7
square miles. It is located on the extreme east side of Harris County on the shores of
Galveston Bay (see Exhibit 2-1). The City is bounded by the City of Deer Park on the
west, the cast-west State Highway 225 on the north, and the community of Shore Acres
and properties of the Port of Houston on the south. State Highway 146, extending in a
generally north-south direction approximately bisects the City. Key thoroughfares in
addition to State Highways 225 and 146 are Fairmont Parkway, Spencer Highway-Main
Street, and Broadway (see Exhibit 2-1).

The City has a mixture of residential, industrial and commercial land uses. The area
between Fairmont Parkway and Spencer Highway is composed primarily of small
residential lots. Areas north of Spencer Highway have not only typical residential
medium to small lot developments (with lots commonly in the range of 0.15 to 0.25
acres) but also some large rural lot residential areas (with lot sizes typically in the 3 to 5
acre range). Areas east of SH 146 include residential lot developments, commercial areas,

and industrial areas.
2.1.1 Land Use

The City has a wide variety of land use: rural, urban, industrial, and commercial. Exhibit

2-2 shows an aerial of the City. The City area lying east of SH 146 and adjacent to

Galveston Bay, often referred to as “Old La Porte,” is predominately residential and

commercial land. The southwest side of the City east of Sens Road is predominately

residential. The northern side of the City is an industrial area composed of primarily
2-1
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petrochemical facilities. The northeastern portion of the City is considered to be a “Large
Lot District,” composed primarily of large rural residential lots. The south side of the
City is a rural area that is a Planned Unit Development, intermingled with some small,
established residential areas. La Porte Municipal Airport is in the center of the City,

north of Spencer Highway.
2.1.2 Drainage Overview

The City 1s drained by both storm sewers and open and roadside ditches. Storm sewered
areas are commonly found in the newer developments in the west side of the City and in
the Brookglen subdivision. The topography of the City is generally flat and averages
about 24 feet above sea level (see Exhibit 2-3).

Drainage problems have been reported or identified in many areas of the City, but many
of the drainage problem or flood prone areas are concentrated in the older areas of the
City. More recently developed areas of the City typically have less reported or identified
drainage problems. Tidal variations in the lower San Jacinto Bayou and Galveston Bay

can significantly affect drainage in the eastern side of the City.

The city has approximately 35.1 miles of Harris County Flood Control (HCFCD)
drainage channels; these named channels form the primary component of the surface
drainage system in La Porte. The City also has approximately 3 miles of coast
contiguous to Galveston Bay. There are seven major channels forming the primary
surface drainage system of the City (see Exhibit 2-4). There are also nine major
tributaries to these primary channels. Drainage conditions in and along these primary and

major tributaries are the focus of the CWDS,
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Watersheds and Primary Surface Drainage

The City lies in three major watersheds (see Exhibit 2-2): the Armand Bayou Watershed,

the Clear Creek Watershed, and the Lower San Jacinto/Galveston Bay Watershed.
2.2.1 Armand Bayou Watershed

The Armand Bayou Watershed lies on the southern and western side of the City. The
watershed drains in a generally southern direction to Clear Creck. Much of the western
portions of the City watershed lie in this watershed; many of the residential areas of the

City arc located in this watershed as well.

The primary drainage channels and their major tributaries in this watershed are listed in
Table 2-1 and shown in Exhibit 2-6. Drainage area sizes and levels of current
development for these channels and tributaries are also summarized. It should be noted
that these watercourses drain highly developed areas, but there are some large
undeveloped tracts especially along Big Island Slough (B106-00-00). It should also be
noted that the majority of Willow Spring Bayou (B112-00-00), Tributary 1.78 to Willow
Spring Bayou (B112-02-00), and Spring Gully (B109-00-00) are outside of La Porte’s

city limits, thus affecting the available remedies for these watercourses.

There are several homes in this watershed with severe flood damage and repetitive losses.
However, review of previously estimated flood plains, as published by Federal
Emergency Management Agency (FEMA) flood insurance rate maps (FIRMs) for the
primary channels in this area indicate major channel flood levels are within the banks of
the channels throughout most of the watershed except in the Spencer Highway Estates

Subdivision and the Brookglen Subdivision (see Exhibit 2-5).
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2.2.2 Clear Creek Watershed

The Clear Creek watershed drains into Clear Lake which eventually outfalls to Galveston

Bay. The central and southern sections of the city lie in the Clear Creek watershed.

The primary drainage channels and their major tributaries in this watershed are listed
Table 2-1 and shown in Exhibit 2-7. Drainage area sizes and levels of current
development for these channels and tributaries are also summarized. To be noted about
these watercourses is the following: Channel A104-07-00 is characterized as a large,
well-maintained, straight channel, while Taylor Bayou (A104-00-00) and A104-12-01 are

mostly natural channels with heavy forested overbanks.

Flooding in some areas of this watershed has been studied in prior FEMA studies, but the
studied areas in these prior studies lie generally to the south of the City. Taylor Bayou
(A104-00-00) and Channel A104-07-00 (sce Exhibit 2-7), which are primary City
drainage channels in this watershed, have been previous modeled by FEMA but not
through the City; consequently floodplains in the City within this watershed have not

been previously delineated.
2.2.3 San Jacinto/Galveston Bay Watershed

The San Jacinto/Galveston Bay Watershed drains into Galveston Bay and encompasses

the eastern portions of the City. Land use is predominately residential in this watershed.

The primary drainage channels and their major tributaries in this watershed are listed
Table 2-1 and shown in Exhibit 2-8. Drainage area sizes and levels of current
development for these channels and tributaries are also summarized. Little Cedar Bayou

(F216-00-00) and Deer Creek (F212-00-00) are mostly characterized as natural,

Klotz Associates Project No. 0127.0608.000 La Porte Citywide Drainage Study
January 2009 City of La Portz



klotz{¥associates

meandering channels with either heavy forestied overbanks or dense

residential/commercials areas.

This area has experienced structural flooding. The San Jacinto/Galveston Bay Watershed
has been partially studied by FEMA as part of the Tropical Storm Allison Recovery
Program (TSARP). However, Little Cedar Bayou (F216-00-00), the most significant
channel in the watershed within the City (see Exhibit 2-8), was the only channel in the
walershed that was specifically studied in this program. The City has plans to construct a
linear detention pond on F216-00-00 to reduce flooding in the area. Exhibit 2-8 shows

stream locations, FEMA delineated floodplains, and locations of flooded structures.
2.3 Drainage and Flooding Problems
2.3.1 Base Flood Maps and Regulatory Floodplains

The City’s current Base (100-year) Flood Maps (also identified as FIRMs, i.e., flood
insurance rate maps) were developed as a consequence of hydrologic and hydraulic
studies done for the FEMA-sponsored Tropical Storm Allison Recovery Program
(TSARP); these maps became effective on June 18, 2007. These Base Maps were
developed using particular hydrologic and hydraulic models (conveniently referred to
here as the FEMA models since they have been formally adopted by FEMA) to delineate
the extent of potential floodplains along various larger streams, bayous, and channels in a
watershed for base flood conditions in the area drained by the watercourse in question;
these floodplains define regulatory floodplains (i.e., officially recognized by FEMA and
used for defining flood insurance rates). Exhibit 2-6, 2-7, and 2-8 shows the locations of
the floodplains delineated on the FEMA base maps for bayous and streams studied under
the TSARP program that lic in the City. The delineated floodplains identify areas where

potentials for flooding are high during severe storm events.
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Examination of the delineated floodplains in Exhibits 2-6, 2-7, and 2-8 shows that out-of-
bank floodplain areas, while present in some areas, are not extensively spread across the
City for those bayous and streams studied with the FEMA hydrologic and hydraulic
models under the TSARP program. Recognize, however, not all bayous and streams in
the City were studied under the TSARP program for the purpose of base {loodplain
delineation; watercourses for which neither in-channel nor out-of-bank flooding
conditions are shown are watercourses (or portions of a watercourse) for which no FEMA

hydraulic model has been developed.
2.3.2 Drainage and Flooding Problem Identification

While FEMA-delineated floodplains and the models used for such delineation can be
used to estimate or identify areas of potential flooding problems, other techniques can
and were also used to identify flooding and drainage problem areas. These latter methods
included direct inspection and observation, discussion with knowledgeable persons on the
City staff and City Council, citizen reports to the City on severely damaged structures,
drainage and tlooding problems arising from Tropical Storm Allison and Tropical Storm
Erin, flooding data documented by citizens, and furmal repetitive loss reports (i.c.,
multiple reports of flood damage to structures made for flood insurance claim purposes).

These latter reports define what are termed repetitive loss data.

The City’s repetitive loss data were obtained for this study at the request of the
Floodplain Administrator for the City and used to approximately locate where structural
losses (e.g., residential houses) were occurring. Repetitive loss data help not only
identify the location of the flooding problems but are important to identifying recurring

and long term problem areas.

The agglomeration of these locations in combination with other information on flood
damage locations can be used to identify areas (referenced by the subdivision in which
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the flood damage is concentrated) of significant drainage or flooding problems. Exhibit
2-6, 2-7, and 2-8 shows locations of drainage and flooding problems defined by these

damage and flooding reports.
2.3.3 Subdivision Areas with Significant Drainage or Flooding Problems

Based upon the data gathered on drainage and flooding problem locations, general
locations (identified by subdivision areas) of significant drainage or flooding problems

were 1dentified. These are listed in Table 2-2.

To assist in identifying the level of severity of the drainage and flooding problems in the
identified subdivision areas, each flood damage report (arising from Tropical Storm
Allison, Tropical Storm Erin, severe structural damage reports, and repetitive loss reports,
discussed above) was assigned a weighting factor (selected in consultation with City staff
and listed in Table 2-3) so that a severity index could be computed from the sum of the
weighted reports in the general vicinity of the subdivision where the flooding problem
was reported. The details of the process of generating this severity index are discussed at
length in Letter Report No. 3. The computed severity index, termed the flood problem

“Intensity” is listed in Table 2-4.

The computed flood problem intensities can be used to graphically display the severity of
flooding problems across the various watersheds, as illustrated in Exhibits 2-9, 2-10, and
2-11. Since the intensity values should be considered only as approximate, the exhibits
use only broad classifications to display the problem severities in various subdivision

areas,

Note that it is the relative magnitude of the flood problem intensity parameter that is of

importance, not its absolute magnitude. Consequently, for assistance in decision making

about remedies for drainage and flooding problems, the intensity values can be used to
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rank the various problem areas on a scale of 1 to 10, 10 representing the most severe

problem area. The ranks for the various subdivisions are given in Table 2-4,

The subdivision ranking of Table 2-4 is a ranking based upon flood problem severity as
reflected in drainage and flooding reports, as discussed above. Improvement in drainage,
as discussed at length in Letter Report No. 3, will improve drainage conditions across a
large area of a subdivision, not just for those residences for which flooding reports have
been made. The estimated number of lots (in lieu of detailed information on number of
people in a residence) generally benefiting from drainage improvements in the general
vicinity of a subdivision have been also estimated; these estimates are listed in Table 2-4.
The number of lots likely to directly benefit from drainage improvements provides an

alternative method by which to judge the relative merit of drainage improvements.
2.3.4 Problem Areas with Short Term Drainage Project Remedy

Initial work in development of the CWDS examined drainage problems and potential
remedies developed by the City because of conditions conducive to severe flooding; these
problem and remedies have been detailed in Letter Report No. 1. Five critical areas were
identified in this initial identification of drainage and flooding problems by the City {for
convenience these problem areas are identified as City-ldentified Drainage Problem

Areas. These are listed in Table 2-5 and shown in Exhibit 2-12.

Potential remedies for reduction or elimination of localized drainage problems in these
City-ldentified Drainage Problem Areas had been identified by the City, the distinctive
feature of the remedies being their ability to be quickly and relatively cheaply
implemented. These drainage problems, the proposed remedies, and the evaluation of the
proposed remedies are summarized in Table 2-5. The particular drainage problem
remedies for these initially identified problem areas are localized and consisted of the
following strategies applied in the immediate vicinity of the identified problem area:
2-8
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e Improvement ot sheet {low paths by reduction of blockages

o Introduction of a new or emergency sheet {low path

s Lowering of street elevations to promote drainage by reducing obstruction to flow
e Adding capacity to existing ditches or introducing drainage swales

¢ Improving or realigning a key existing storm sewer to provide increased capacity

* Addition of street inlets
2.4 Probable Causes and Potential Remedy of Drainage and Flooding Problems

Subdivision areas (and areas in close proximity) with significant drainage problems have
been identified above (see Table 2-2). Evaluation of these problems based upon
information provided by the City, review of information in previous drainage reports, site
inspection, proximity to potential flooding sources (i.e., bayous and channels), and

hydrologic and hydraulic modeling to identify the probable cause of flooding.

Identified potential causes for reported or otherwise identified drainage or flooding
problems are the following: lack of overland flow path, prohibitive flow path elevations,

insufticient storm sewerage, and lack of channel capacity.

Remedy of problems are intended to address the root cause of the problem but could

consist of a combination of various techniques for remedy.
2.4.1 Sheet Flow Ponding and Paths

Ponding in localized areas (such as at street intersections or at the end of a cul-de-sac)

due to inability of accumulating runoff waters to drain away from the accumulating area

because of the lack of a overland flow path: If a sheet flow pathway (or a drainage relicf

structure, such as a relief storm sewer or relief swale, which achieves the same effect) can
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be provided to drain away accumulating runoff waters, a localized drainage problem can
be possibly resolved. Improved sheet flow pathways were identified for use in the five

City-ldentified Drainage Problem Areas discussed in Section 2.3.4 above.
2.4.2 Flow Path Elevation Adjustment

Sheet flow drainage is sometimes prohibited by the elevation of a street, parking lot, or
other large open area. Lowering of such areas can promote more effective sheet flow.
This strategy was used in addressing some of the drainage problems in the City-Identified
Drainage Problem Areas listed in Table 2-2. Table 2-6 and Exhibit 2-13, 2-14, 2-15 and
2-16 shows the cost and locations of possible sheet flow paths. Detail information on

elevation and flow path direction is required to implement this improvement strategy.
2.4.3 Storm Sewerage Improvements

Storm Sewerage, the set of pipes and appurtenances composing a system, may be

inadequate because of several causes:

* Insufficient inlet capacity, which may be the result of insufficient size or type of inlet,
insufficient number or spacing of inlets, inadequate street grading toward the inlet, or
shifting of the elevation of a street or inlet which inhibits flow into the inlet.

¢ Inadequate sewer pipe capacity, which may be the result of insufficient size, too
shallow of a pipe slope, or excessive energy losses due to pipe material or junction
conditions,

e OQutfall limitations which limit the maximum discharge from a sewer, due to outfall
pipe material, size, or slope.

* [Incorporation of sheet flow options to provide addition drainage capabilities and

prevent excessive ponding can be considered a particular type of sewerage
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improvement since it has the net effect of moving runotf away to a point of discharge

just as an inlet into sewer pipe does.

Any one or more of thes¢ adequacies can be addressed by sewer or sewer system
appurtenance replacement or upgrade. In addition to storm sewer or storm sewer
appurtenance replacement, capacity improvement options include addition of parallel

sewers, addition of new inlets, realignment of sewers, and introduction of bypass sewers.

For planning purposes, sewerage improvements are only categorically identified as
sewerage improvements since the choice of a particular improvement technique will
depend upon the details of the current sewerage system which are not available for the

planning purposes of the study.
2.4.4 Channel Capacity Increase

Inadequate capacity of an open channel (ditch, bayou or other watercourse) has two
important consequences: potential overflow of the channel during flood conditions; and
creation of high tailwaters at storm water sewer outfalls, which in turn reduces storm
sewer capacity. Potential methods for channel capacity improvement include the

following:

. Deepening of a channel: Deepening possibilities will generally be limited,
because of flat topography and flowline connection levels at junctions and culvert
crossing structures.

. Adjustment of the channel bottom slope: Channel slope adjustment will typically
be limited for the same reasons as those limiting deepening of a channel.

. Channel straightening to reduce energy losses and increase bottom slope:
Straightening has limited application in the City because most channels are

already quite straight.
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. Lining of channel bottom and side slopes to increase channel conveyance by
reducing frictional losses: Lining, while sometimes necessary as the only viable
option, is not a preferred technique because of costs and environmental impacts.

. Channel berming at low points: Berming of a channel to form, in effect, a local
levee at locals where the top of bank elevation is low can be used to help contain
high flood waters, but in fact may not function as intended in an urban
environment because of crossings beneath the berm by sewer pipe.

. Widening of a channel: Widening a channel to improvement its capacity is a
preferred feasible technique provided adequate right-of-way is available so that
adjacent properties are not adversely impacted.

. Improvement of hydraulic structure capacity: Bridges, to some extent, and
culverts, often to a considerable amount, can significantly reduce the capacity of a
channel. If data are available for estimating the impact of hydraulic structures on
channel capacity, improving structure capacity, or at least significantly reducing
the constrictions that hydraulic structures like culverts introduce, can be

considered.
2.4.5 Detention
Detention is used for several primary purposes in drainage and flood control:

. On-site Mitigation of Runoff: On-site detention for mitigation of increased runoff
due to development of an area.

. Diversion of Channel Flow: Off-line detention for diversion purposes to reduce
existing channel flows by diverting flow to the diversion pond and reducing flow
and stages in the channel from which the diversion occurs.

. Off-site Mitigation of Runoff: Off-line regional detention for mitigation due to

increased runoff from several sites simultaneously.
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* Mitigation of Flow Impacts from Channel Improvements: Off-line or in-line
detention for mitigation of increased discharge from other improvements, such as

channel widening.
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SECTION 3
METHODS FOR EVALUATION OF ALTERNATIVE REMEDIES

3.1 Purpose and Scope of Evaluation

Various methods are used to determine the characteristics of various remedies, i.e.,
potential solutions, proposed to address identified drainage and flooding problems. The
previous section identified problem areas; the following section applies the methods of
this section to size, dimension or otherwise define the key features of proposed remedies.
Basic characteristics of remedies to be determined include channel geometries and
detention pond sizes. The information required to determine these characteristics are
storm water runofl and channel flow depth, i.e., hydrologic and hydraulic behavior.
3.1.1 Drainage Criteria
Characteristics of remedies are determined in light of City drainage criteria. Key
drainage criteria from the City of La Porte Design Criteria Manual, Chapter 5 used in the
development of drainage and flooding problem remedies are the following:
3.1.1.1 Design Frequencies
Design frequencies, expressed as return period, for various infrastructure elements are the
following:

Sewers: 3-year

Road side ditches and Culverts: 3-year

Ditches and Culverts draining more than 100 acres: 25-year

Bridges: 100-year

Creeks: 100-year
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Since drainage improvements proposed for watercourses are all major drainage ways
(bayous, channels, and crecks), the 100-year design frequency was used to determine
needed infrastructure improvements. Currently, the City staff is in the process of
updating the storm sewers design frequencies requirements to a 5-year design. While the
3-year design is consistent or even slightly more stringent than some other surrounding
communities, the City does experience continuing flooding and drainage problems with

smaller storm events so a 5-year level of protection is warranted.
3.1.1.2 Detention Requirements

When storm water detention is required, the following criteria are used to specify

minimum detention:

0 to 3 acres 0.20 ac-ft/ac

3 to 10 acres 0.45 ac-ft/ac

10 to 50 acres Per HCFCD criteria
Greater than 50 acres: City and HCFCD approval

Since the detention systems considered for addressing drainage and flooding problems in
this CWDS deal with areas typically greater than 50 acres, detention volumes were
determined using hydrologic methods based upon comparison of hydrograph volumes. It
should be noted that the City staff is currently in the process of updating the detention
requirements for the City. The staff is recommending that a minimum 0.2 ac-ft/ac
detention rate be applied to development areas ranging in size from 0 to 1 acre, while the
0.45 ac-ft/ac detention rate is to be used for areas ranging from 1 to 10 acres. These

detention rates should provide an additional level of protection to the City.
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3.1.1.3 Street Ponding Levels

Ponding levels in local public streets used as drainage facilities when the 100-year storm
event occurs are not to exceed the minimum of top curb and top of roadway crown for

new roadways or new developments.
32 Classification of Watercourses

To conduct various hydraulic and hydrologic analyses with the available data, three types

of watercourses were recognized, as follows:

. Primary Channels: Larger channels and bayous and similar watercourses which
form the backbone of the City’s drainage system. These channels are all owned
by HCFCD.

. Major Tributaries: Channel, ditches, bayous and similar watercourse of moderate
size which are tributary to primary channels. These tributaries are all owned by
HCFCD.

. Other Channels: Small to moderate channels and ditches which are tributary to
primary channels or major tributaries. All channels and ditches which are not
classified as primary channels or major tributaries are classified as “other

channels.”

Hydraulic analysis in the development of this CWDS was performed only for primary
channel and major tributaries. Primary channels and major tributaries are identified in

Table 3-1 and shown in Exhibit 3-1.
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33 Hydrologic Models

Hydrologic models were used to describe runoff magnitudes and flow in channels. For
evaluation of primary channels and major tributaries, hydrologic models were available
from TSARP studies or were developed for evaluation of primary channels and major

tributaries.
3.3.1 HEC-HMS Hydrologic Models for Primary Channel Drainage Areas

HEC-HMS hydrologic models for entire drainage areas defined by most of the primary
channels are available as a consequence of the TSARP program (these models are
available online from HCFCD). These models use the Tc+R method (a specialized
version of the Clark unit hydrograph method) developed and used by HCFCD. Key
parameters in these models are drainage area, time of concentration T¢, storage parameter
R, channel length L, and level of development as characterized by the DLU parameter,
the latter affecting Tc, R, and imperviousness values. Each watershed for which a HEC-
HMS model was available has a separate HEC-HMS model with its own set of

parameters.

These models are used to define not only peak discharge for the storm event frequency of

interest but also the entire shape (i.e., discharges) of the runoff hydrograph.
3.3.2 Hydrologic Models for HEC-HMS Sub-Areas

For drainage areas within a drainage arca with a HEC-HMS model but of lesser size than
the full drainage area for which a HEC-HMS model is available, the peak discharge and
hydrograph discharges were determined by prorating discharges according to drainage

area size.
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3.3.3 Correlation Models

For drainage areas not covered by nor included in the available HEC-HMS models, a
correlation model was developed. Data from the HEC-HMS models were used to
compute the unit runoff (peak cfs per acre of drainage area) as a function of channel L
and level of development DLU; see Figure 3-1, 3-2, and 3-2 for the 10-, 50-, and 100-

year event correlations developed, respectively.

These correlations, with a different correlation for different storm event frequencies (e.g.,
10-, 50-, and 100-year storm events), were used to compute peak discharges for areas
which did not have a HEC-HMS model. Discharges at frequencies other than 10-, 50-, or

100-year levels were computed by interpolation.
3.3.4 Hydrograph for Correlation Models

The complete hydrograph for a drainage area with peak discharge described by a
correlation model was approximated by the Malcom hydrograph used in the HCFCD
small watershed method. The discharges defining the Malcom hydrograph are
determined by three parameters: time to peak Tp, total volume of runoff V, and peak
discharge Qp. Only two of these three parameters are independent, the three parameters

being defined by the following equation:
@s= VI(I 39 Tg)

In application of this method for the present study, Q, is determined by the peak

discharge correlation (discussed above) and the volume of runoff. The volume of runoff

is determined from the intensity-duration-frequency behavior for a 100-year 24-hour

duration rainstorm event and an imperviousness determined by the land development

parameter DLU. The fraction of rainfall which becomes runoff is set equal to the
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imperviousness, while the percentage imperviousness is approximated by the DLU

percentage.
3.4  Hydraulic Models
3.4.1 FEMA Hydraulic Models

Hydraulic models (specifically HEC-RAS models) for most primary watercourses are
available as a result of the TSARP program. These hydraulic models were used to
delineate what are now officially designated as FEMA base floodplains along major
watercourses, such as most of the watercourses defined as primary watercourses in this
CWDS report. These HEC-RAS models are termed for his study as FEMA models and
channels for which such FEMA models are available are termed FEMA channels. Table

3-1 tabulates the FEMA channels; these channels are also shown in Exhibit 3-2.
The FEMA models are used in the following ways:

To determine existing channel capacity in a FEMA channel: This is accomplished by
executing the FEMA model and by determining at what points the 100-year storm event
rises above the lower of 1) the top of bank or 2) the ground levels in areas immediately
beyond the berms forming the banks of the channel. This latter condition may occur
when the natural ground is below the bank level due to depressed topography beyond the
channel. Top of bank elevations were determined from the HEC-RAS cross section data
(which in turn are based upon survey data) while ground levels beyond the channel banks

were determined from LiDAR-determined topography.

To determine necessary channel widening to increase the channel conveyance to handle

the 100-year flood: This is accomplished by a trial and error process which gradually

increases the channel width until the required discharge is conveyed within a channel
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water level which is the lower of the top of bank or ground levels in areas immediately

beyond the berms forming the banks of the channel.
3.4.2 Non-FEMA-Modeled Channels

When a FEMA model is not available for a primary channel or major tributary, an
approximate model is created by assuming the flow in the channel to be at normal depth.
Available data, including field survey data collected for this study, are used to define the
in-channel cross sectional shape of the channel in question. Representative bottom slope
is obtained from field survey data. With representative channel shape and slope
determined, the depth versus discharge relation for the channel can be determined using

the Manning equation.

The hydraulic model, therefore, for a non-FEMA models station is the set of data

defining channel shape and slope and the Manning equation which uses these data.

35 Evaluation of Storage Requirement
Storage is determined when a detention pond is to be sized to reduce peak discharge in a
channel. Depending upon the available model for the channel, the information available
to compute storage, and the purpose of the detention storage, somewhat different methods
are used to compute required storage volumes.

3.5.1 Mitigation Storage for Channel Widening

For mitigation of channel improvements involving channel widening, the mitigation

storage was estimated as the volume of excavation for the widening.
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3.5.2 Diversion Storage

The volume of diversion storage for FEMA channels was estimated as the volume of the
hydrograph before diversion for those values of discharges in excess of the peak
discharge after diversion. For non-FEMA channels, diversion volume was estimated as
the difference in before- and after-diversion hydrographs assuming hydrographs were
described by the Malcom hydrograph (see Section 3.3.4) with peak discharge determined

from the runoff calculations using a runoff correlation (see Section 3.5.4 below).
3.5.3 Mitigation of Excess Runoff Due to Development

The volume of runoff for FEMA channels before- and after-detention is computed as the
difference in the HEC-HMS hydrographs as predicted by the HEC-HMS model with a
peak discharge equal to the peak discharge before and after detention is used. The volume
for non-FEMA channels is computed in the same manner except that the hydrograph is

described by the Malcolm hydrograph model (see Section 3.3.4).
3.5.4 Correlation Models

For drainage basins with correlation models (basins with non-FEMA model channels),
the hydrographs before and after detention are determined by the Malcom hydrograph
with peak discharge determined from the correlation of runoff with area and level of
development (see Section 3.3.3) and runoff volume equal to the design rainfall multiplied
by the estimated imperviousness fraction for the land development condition being

evaluated.
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SECTION 4
IDENTIFIED DRAINAGE AND FLOOD CONTROL REMEDIES

4.1 Approach

Remedies for addressing identified drainage and flooding problems incorporated
improvements identified directly as a consequence of the modeling and analysis methods
discussed in Section 3 of this CWDS report, review of prior drainage studies for the City
and abstraction of recommended drainage improvements from those studies that are
appropriate to the problems identified in this study, and inclusion of some term remedies

identified and described in Letter Report No. 1.
4.2 Identified Types of Remedies for Existing Conditions

Within the limits of information available for the development of the CWDS, identified
drainage and flood control problems fall into three broad categories: Problems arising
from flooding of primary or main tributary channels, as evidenced by estimated out-of-
bank conditions; significant numbers of reports (of different types, as shown on Table 2-
2) on flooding when nearby out-of-bank conditions do not occur or a channel is at
considerable distance from the problem area; or various reports, site inspection, and
review of topographic information indicates a condition conducive to or arising from

significant localized ponding because lack of drainage pathways.
4.2.1 Remedies for Insufficient Channel Capacity

Primary or major tributary channel flooding was concluded to be the primary flooding

problem source when either delineated floodplains more or less encompassed the

drainage problem area or the existing channel in the vicinity of the problem area did not

have the capacity to convey the design discharge. While this evaluation used the channel
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design flow (of 100-year frequency; see discussion of Section 3 regarding design criteria),
the evaluation of extreme event flows was used as the guideline to assess the likelihood
of channel overflow as a significant problem source. For FEMA channels, the 100-year
flow was evaluated to determine in- or out-of-bank conditions, while non-FEMA

channels were examined for the 100-yecar flow and less severe flood levels as well.
Four basic options were considered in addressing flooding due to channel overflow:

. Channel widening, selected as the most feasible and desirable channel
modification technique if channel modification is to be used to increase channel
capacity. The channel reach length where widening was proposed could be
limited in channel length to areas where actually needed. For planning purposes,
the widening was assumed, when based upon FEMA model analysis, (o generally
extend the length of the channel reach between FEMA model sections in the
vicinity of where the current floodplain was out of banks and structures were
being adversely impacted by flooding, such that the reaches to be improved were
contiguous. For non-FEMA model analysis dealing with tributaries, the widening
was assumed to occur in the channel reaches between model sections (with
section locations based upon field survey) where the downstream end of a reach
did not have adequate existing capacity to carry the 100-year discharge. The
upstream end of non-FEMA model channel improvements were, based upon
professional judgment, sometimes not included because improvements in the
excluded reaches were judged not to have significant potential for reduction in

structural flooding.

In addition, the widening for which cost estimates were made was done so as to
approximately 1) maintain the widened channel within its current top width and 2)
using side slopes which approximated existing side slopes. In many instances, the

existing slide slopes were steeper than a 3:1 horizontal to vertical side slope. The
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width of right-of-way for this channel improvement thus consisted of two parts: 1)
the approximate existing top width (i.e., bank-to-bank); and 2) an assumed

maintenance berm of 20-feet on each side of the channel.

Widening of channels to the point of significant encroachment upon adjacent
properties was not considered to be a viable option. Table 4-2 shows the
estimated additional channel width that would be required if channel widening
with using a 3:1 side slope were used rather than a slope approximately matching
the existing side slope . It is noted that significant encroachment upon adjacent
properties could be expected if a 3:1 channel slope were consistently used for

channel widening,

Channel lining, which is used as a channel modification when widening, because
of adjacent structures or similar limitations, was not feasible. The lining was
evaluated as being concrete, which would allow steeper side slopes (1 tol) as well
as reduced channel roughness. It is recognized that concrete lining is not a
preferred option from an environmental perspective, but it was found to be
necessary in some situations. Furthermore, detailed design could consider
alternative materials, such as flexible concrete mats of interlocking blocks, partial
lining, and geo-cell systems, which typically are more aesthetically pleasing than
solid concrete lining (but note, side slope steepness on some of these types of
alternatives are quite limited). Right-of-way requirements for the lined channels
are similar to widened channels, i.e., existing width at top-of-bank plus a 20-foot

maintenance berm of each side of the channel.

Hydraulic structure modification, in which bridges and culverts are modified to
reduce significant channel restrictions and consequent water level impacts: For
FEMA-modeled channels, the structures along the channel are virtually all

bridges. For bridges along the FEMA-modeled channels, review of computed
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water surface profiles for the design discharge for the FEMA-modeled channels
indicated no significant (in comparison to channel widening) impacts on water
surface levels. Thus for FEMA-modeled channels, reduction of structure impact

by bridge or culvert improvement was not considered as an improvement option.

For non-FEMA-modeled channels for which channel and structure information
was limited, it was concluded that bridges, if any, as in the FEMA-model

channels, were not a significant factor in estimating channel capacity.

On the other hand, culverts might be a significant constriction in the non-FEMA-
modeled channels. To assess whether culverts might or might not be a significant
factor in the capacity of the channel, the estimated capacity of the existing
channel was determined using the approximate methods discussed in Section 3.
The capacity of any culvert system along the channel was assumed to be roughly
the same as the capacity of the channel. If, then, the estimated existing channel
capacity were in excess of an approximately 100-year frequency storm event, it
was concluded that the capacity of any culvert system in the channel would not be
a significant limitation on the capacity of the channel if the channel were to be

improved by widening or lining.

On the other hand, if the estimated existing channel capacity was less than that for
an approximately 100-year storm, it was assumed that the existing culverts would
have a significant impact on the capacity if widening or lining were undertaken,
and, therefore, culvert improvements would be required at all culvert systems
along the channel where the widen or lining was (o take place. For planning
purposes (and specifically for costing purposes), the nominal improved culvert
system was assumed to be a 5-foot square concrete box culvert with a typical
velocity (at the design flow) of 6 feet per second, so that the capacity of a single

culvert would be approximately 150 cubic feet per second. The number of barrels
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required would be the design discharge divided by 150 cubic feet per second

(rounded upward to the ncarest whole culvert number).

Diversion ponds are off-line ponds potentially used when widening or lining, as
discussed above, is 1) inadequate to lower water levels sufficiently to carry the
design flow without bank-overflow, 2} considered unacceptable because of
construction or environmental limitations; or 3) inadequate to prevent flooding in
low-lying areas beyond the channel (low lying in comparison to the top-of-
channel bank elevation) would require, for flooding of such areas not to occur
(either directly or by backflow into sewer outfalls or bank cuts), that the water
surface elevation for the design flow condition to be dropped to a very low level,
s0 low that it could not be readily accomplished with widening or lining. A
diversion pond, in essence, diverts some of the design flow out of the channel and
temporally stores it so that the peak flow to be carried in the channel is lowered,
and, a result, the maximum water surface is lowered. The procedure for
determining the necessary storage volume to accomplish this is described in

Section 3.

It is more hydraulically-efficient that diversion ponds be located in the vicinity of
areas where the flooding problems they are intended to remedy are located.
Potential pond locations area discussed in regard to regional detention ponds
discussed below; for effective diversion, ponds would be located in middle or
downstream reaches of a channel at locations were open land were available.
However, due 1o limited open land near the affected areas, some of the diversion

ponds will have to be located in the upstream reaches of certain channels.
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4.2.2 Mitigation of Channel Improvements

Channel improvements, such as widenimng, will usually result in increases in the peak
discharge that occurs downsiream during the design flood condition because the
floodwaters move more effectively in the improved channel. If these increases are
significant, an adverse impact to the downstream regions can result. To prevent such
adverse impacts, mitigation of increases is required. In addition, if these increases are
seen at downstream points outside the City, controversy over the proposed improvements
might result. Consequently, construction of mitigation ponds associated with channel

improvements should be expected.

For planning purposes, mitigation ponds would be expected to be located in the
approximate vicinity of where the channel improvements occur. However, the mitigation
volume would not necessary have to be provided in a single pond, but could be divided
among several smaller ponds. Underground detention might in part be used to provide
some of the required mitigation (though typically, underground detention is more
expensive than surface detention unless land acquisition costs for surface detention are
quite high and the surface above the underground detention can be used for high-valued

purposes: such alternatives could be examined in detailed design).

For planning purposes, the required mitigation volume is estimated as the volume of
excavation needed to construct the channel capacity improvement. Construction of
mitigation will introduce additional cost for channel capacity improvement. Locations
where mitigation ponds (or detention or diversion ponds might be located) are discussed

below in regard to regional detention issues.
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4.2.3 Sterm Sewerage System Improvements

When the source of the drainage problem for a particular area of identified significant
dratnage problems is not considered to be channel flooding or a flood-related source,
storm sewer system improvements should be considered. Areas of drainage problems for
which inadequate storm sewerage was identified as the likely source of the drainage
problems were listed in Letter Report No. 2. Sewerage improvements could involve
sewer pipe replacement (with larger stze pipe), addition of supplemental sewer lines,
sewer pipe replacement with alternative materials, or, perhaps, sewer pipe lining.
Inadequate sewer inlet capacity, because of inlet size, number, or location, may also be a
root cause of inadequate sewerage. Letter Report No. 2 noted potential deficiencies in
inlet spacing. Subdivision areas where conditions suggest that the underground sewers

systems and/or inlets may be inadequate are listed in Table 2-2.

The CWDS is intended to address surface drainage issues. Where deficiencies in
underground sewer systems or surface inlets are suspected, focused detailed study on
such areas will be required. This CWDS report does not specifically address remedy of

underground sewer system deficiencies.

One important factor in regard to the local drainage provided by storm sewer systems
needs to be borne in mind when addressing potential sewer system improvements. The
system of sireets drained by a sewer system is in fact part of the sewer system. Limited
accumulation of storm waters in the streets for the events larger than the design storm
event (3-year storm for the City) is a planned behavior. Water accumulations at shallow
depths for larger storm events do not inherently imply that a sewer system is inadequate
or that there is a drainage problem to be remedied. However, if the City prefers to reduce
these areas of ponding, then improving the sewerage (c.g., adding additional inlets,
increasing the storm sewer pipe sizes, building a parallel line) would provide an

additional level of flood-protection. Detailed storm sewer analysis is beyond the scope of

4-7
Klotz Associates Project No. 0127.008.000 La Porte Citywide Drainage Study
January 2009 City of La Porte



klotz{ilassociates

this planning study, but the City should pursue more detailed sewerage drainage studies
for the various subdivisions where sewer system improvements are apparently the
necessary drainage problem remedy to confirm the problems with the sewerage systems

(if a system exists already) and design sewerage system improvements.
4.2.4 Local Ponding Relief Using Sheet Flow Paths

Excess surface ponding in localizes areas can arise because of the interaction of two
effects: lack of adequate sewer capacity (as discussed above) and the lack of a pathway
that allows excess accumulated waters to drain away from the area of accumulation. The
accumulation of runoff water will occur in a low spot. If the sewer system capacity (for
whatever reason) is insufficient to receive and convey away the accumulating water, the
water accumulates in the low spot. Similar remarks hold for drainage systems which use
surface ditches rather than underground sewers. When improvement of the sewer system
is not considered appropriate or feasible (because of, for example, high cost; long term
delay before sewer improvements can be made, or, as is commonly the case, the rate of
accumulation exceeds the properly determined-design capacity of the sewer system), then
relief of the accumulated waters using either a sheet flow relief swale or an underground
relief’ storm sewer (i.e., another sewer to increase sewer system capacity) can be

considered.

Letter Report No. 1 described certain situations where new sheet flow paths were
proposed to relieve excessive ponding. Because of the localize nature and consequent
relatively small drainage areas in question, proposed construction of sheet flow pathways
was considered as an option to alleviate drainage problems for areas drained by non-
FEMA-modeled tributaries when topographic and other conditions suggested that lack of
sheet flow paths was a significant contributor to drainage or flooding during large storm
events. Underground relief sewers could be considered as an alternative to the surface

sheet flow path, but for planning purposes all ponding relief was assumed to be provided
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by a surface relief swale or a combination relief swale and storm outfall pipe
improvement, with typical width of 8 feet and depth of 3 feet. Detailed drainage analysis

should be done before the construction of sheet flow paths and land acquisition is started.
4.3 Identified Types of Remedies for Future Conditions

Future conditions are characterized by more or less maximum development of land;
details for evaluating runoff from such lands are described in Section 3. The present
discussion focuses upon the rationale for selection of potential remedies for drainage and
flooding when future development increases the runoff from various areas draining to

either FEMA-modeled channels or non-FEMA-modeled channels.
4.3.1 Assumed Detention Strategies for Development

Future development in a watershed will, generally, increase imperviousness and
consequent runoff beyond that which currently exists, The remedies for existing
conditions (discussed above) are intended to resolve current drainage problems under the
broad-based assumption that significant increases in runoff due to development do not
occur. Increases in runoff due to development, on the other hand, can be dealt with in

two ways: on-site mitigation or regional mitigation,

On-site mitigation is control of runoff from a development site in such a way that the
peak discharge does not increase above the level that existed before the development of
the site. City drainage criteria require that such control is achieved as part of future
development. The on-site mitigation is typically accomplished using on-site surface
detention, but other methods such as subsurface detention and low-impact development
techniques can be used. The key factors in use of on-site mitigation are 1) that the

mitigation is accomplished before runoff leaves the site so that peak discharges in
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channels not on the developed tract are not increased, and 2) the cost of implementing the

mitigation is borne by the developer (in some manner) of the site.

Regional mitigation provides for a facility, almost invariably an off-line surface detention
pond, to be constructed in the watershed where runoff control is needed, with the design
of the detention pond being such that mitigation is achieved for a number of sites
simultaneously. This mitigation is accomplished by two effects: 1) reduction of flows
downstream of the detention site because during a storm event some flow is diverted
from a channel into the pond, and 2) reduction of downstream flows lowers the tailwater
effects on upstream water levels, resulting in lower maximum water levels at upstream
points for similar discharges, which in net effect is as if runoff is reduced from upstream
sources. Because of this latter reduction, the runoff from an upstream site does not, at
least conceptually, have to be mitigated; the mitigation is provided by the regional

detention pond.

In estimating needed detention, currently undeveloped land areas were assumed to
become fully developed with dense residential lots of a typical size of 0.25 acre. The
increased flows and runoff volume caused by the increase in development for the future
conditions would be mitigated with the construction of regional detention ponds. Also,
the construction of regional detention ponds assumes that the receiving streams have the
needed improvements to efficiently convey the flows out of and into the receiving

streams.

Several factors affect the operation of a regional detention facility and its effectiveness:

1} the runoff from an upstream development site must get to the regional detention site: if

the runoff is to reach the detention site, then the channel must be sufficiently large that

the increased runoff from the site does not exceed channel capacity (or, from an

alternative perspective, the channel must be modified to allow extra flow because there

will be more flow than would occur for existing conditions); and 2) off-line detention has
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hydraulic inefficiencies which could cause the required detention for the regional pond to
be larger than the sum of the on-site detention. Advantages of regional detention include
1} the ability to mitigate for areas where on-site mitigation is not feasible; 2) the increase
in developable land on a site; and 3) utilization of economy of scale so that the cost to
developer for accessing a pro-rated portion of the regional detention is less costly than

development of on-site detention by the development.

Procedures for determining necessary storage volumes for regional detention are
discussed in Section 3. When applying these procedures, it is assumed that the mitigation
necessary for the entire drainage basin is served by the regional detention pond. (Detailed
design for the various developments in a regional drainage area might, and likely would,
have a mixture of on-site and regional detention.) Exhibits 4-1, 4-2, and 4-3 shows
potential detention sites. The required regional detention can be divided among various

sites in view actual detailed sources of runoff and site availability.
4.3.2 Channel Improvements

For future conditions, channel improvements are not proposed as an alternative to on-site
or regional detention. Development is presumed to be regulated such that increased
runoff does not require additional capacity in channels, unless such capacity increase
arises because of conveyance of site runoff to a regional detention pond. Channel
improvements for the sole purpose of allowing increased development site runoff without
use of detention is an inappropriate allocation of City resources to a single entity, Thus,
channel improvement is not considered as alternative (by itself) to address future

development for planning purposes.

In addition, to avoid flooding of new structures, the finished floor slab elevation of

structures will have to be set at levels which will place the structures above anticipated
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flood levels; channel improvements should not be relied upon to allow low floor slab

elevations which can only avoid inundation by channel improvements.
4.3.3 Storm Sewerage System Improvements

Future development will be required, by City criteria, to provide adequate drainage for
subdivision and similar developments via surface or underground sewer systems. Storm
sewer system improvements are consequently not addressed as part of the CWDS for
future conditions (other than to say the sewer systems will have to be designed according

to City criteria).
4.3.4 Local Ponding Relief Using Sheet Flow Paths

I'uture development should proceed under the condition, as reinforced by City drainage
criteria, that appropriate ponding relief using sheet flow paths be present in the design of
new development. Consequently, sheet flow path relief is not addressed as part of the
CWDS for future conditions (other than to say that such relief should be incorporated into

development design).

4.4 Identified Improvements
Proposed improvements for both existing and future conditions are summarized in Table
4-1 for each FEMA primary channel and major tributary channel, while Table 4-2 shows
recommended improvements for the non-FEMA primary channel and major tributary
channels. The channels for which improvements are proposed are the following:
¢ A104-00-00 (Existing and Future Conditions)
¢ A104-07-00 (Existing and Future Conditions)
e A104-12-01 (Existing and Future Conditions)
412
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¢ B106-00-00 (Existing and Future Conditions)
* B106-02-00 (Existing and Future Conditions}
e BI106-05-00 (Existing and Future Conditions)
¢ B109-00-00 (Future Conditions)
o B112-00-00 {Existing and Future Conditions)
e B112-02-00 (Future Conditions)
o F101-00-00 (Existing and Future Conditions)
s FI01-03-00 (Existing and Future Conditions)
¢ F101-05-00 (Existing and Future Conditions)
¢ F101-06-00 (Future Conditions)
e [F212-00-00 (Existing and Future Conditions)
o  F216-00-00 (Future Conditions)
o F216-01-00 (Existing and Future Conditions)

Improvements for existing condition channels are predominately channel widening.
Exhibit 4-4, 4-5, and 4-6 shows where widening or channel lining is proposed. Widened
channels are presumed to be trapezoidal in section; basic dimension are given in the
Tables 4-1 and 4-2. Estimated excavation for the proposed channel widening has been
determined from the difference in cross sectional area of the existing channel and the
proposed channel. Land acquisition acreage for channel widening assumes that only
right-of-way for maintenance berms along an existing channel must be acquired.
Representative land acquisition costs for undeveloped and developed land are described
in Section 5. It should be noted that no channel improvements are proposed for Little
Cedar Bayou (F216-00-00) for existing conditions. After reviewing the report titled
“Hydraulic Analysis for Little Cedar Bayou Watershed: HCFCD Unit F216-00-00"
submitted by Binkley & Barfield on January 2000, the improvements detailed in that
report were determined to be adequate for planning purposes. It is recommended that the
City pursue the improvements as specified in the aforementioned report to reduce the

current tlooding due to tack of channel capacity.
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Note that regional detention for existing conditions is not proposed to remedy current
conditions because of the high cost (cost estimates are discussed in greater detail in
Section 5). This relative cost comparison can be readily seen if it is realized that regional
detention for a channel would have to be much larger than the channel widening
excavation volume. Thus, for example, for Taylor Bayou (A104-00-00), the regional
detention requirement would be about 124 acre-feet (i.e., about 20 times larger than the
mitigation volume). The mitigation pond has an estimate cost of about $250,000, which

is approximately ten times the widening cost.

Regional detention requirements, assuming full development, with all runoff mitigation
to be provided by regional detention, is provided for future development conditions.
Exhibit 4-1, 4-2, and 4-3 shows undeveloped land where ponds might be located. Note
that Exhibits 4-1, 4-2, and 4-3 show numerous detention sites for the watersheds;
however all the identified sites are not needed. Estimated detention volume requirements
identified in Tables 4-1 and 4-2 can be met by multiple sites shown on the

aforementioned exhibits. A list of these potential detention sites is shown in Appendix C.
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SECTION §
COST AND IMPLEMENTATION

A key factor in implementing potential drainage remedies is the cost for construction of
the project envisioned by the proposed remedy; estimated costs are presented below.
Other factors, however, are important to the implementation and continued effectiveness

of various drainage improvements; these are also discussed below.
5.1 Recommended Drainage Improvements
5.1.1 Costs of Feasible Remedies

Realistically feasible potential drainage improvements for addressing the underlying
cause of the identified drainage problems were identified in preceding sections of this
CWDS.  Approximate construction costs for implementing these problems were
estimated using the unit cost data of Table 5-1; these data are revisions to data developed

in Letter Report No. 3.

Table 5-2 summarizes for FEMA-modeled channels the estimated costs of potential
channel capacity and diversions to address current drainage and flooding problems and
regional detention remedies to address future development issues. Table 5-3 provides
costs for the non-FEMA channels. Non-channel solutions, i.e. relief sheet flow swales,
are presented in Table 5-4 for various subdivisions in the City. It should be noted relief
swales were not considered for a number of subdivisions in the City since these

subdivisions are located too far away from the receiving stream to be an optimal solution.

It has been noted in prior discussion that channel improvements included in some

instances channel lining when widening of a grass lined channel within estimated

available right-of-way was not sufficient to provided necessary channel capacity. The
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drawbacks of channel lining have already been noted. Consequently, as an alternate to
channel lining, diversion of flood waters was considered. Diversion alternatives are
listed in Table 5-2 and 5-3. To be noted is the relative high cost of the diversion

alternatives.

In making all cost estimates, a conservative but realistic approach (i.e., estimated costs
were purposely overestimated rather than being underestimated) was taken because of the
preliminary nature of the projects for which costs were being estimated and the fact

considerable time may likely pass before actual construction of proposed improvements,

Table 5-5 presents project costs with a breakdown according to actual construction of
major cost components of channel improvements (which is predominately excavation
costs), detention storage, and land acquisition. Table 5-6 shows this same breakdown as
a percentage. It is to be noted that detention storage, whether for mitigation or diversions

to address current flooding problems, is a significant component of total cost.

Cost for regional detention to address future drainace concerns arising from development

are. likewise, quite significant. It is recognized, however, that while detention for
mitigation or diversion purposes would typically be a cost to be borne by the City, costs
for regional detention to address future drainage concerns arising from development
would tvpically not be borng by the City; such costs would be typically recovered by sale

of detention storage to developers seeking detention to mitigation excess site runoff,

5.1.2  Establishing Priorities for Constructing Improvement Projects

Because of the recognized significant magnitude of the estimated costs of the various

improvements, particularly the infrastructure improvements to address existing drainage

and flooding problems, it is preferable that potential priorities be identified to help

decision makers distinguish between CIP projects for near term construction and those
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projects that should be delayed for consideration to some future time when more funds

become available or the need for a project can be more adequately justified.

Cost of a project is one consideration in establishing priorities for projects; if two projects
accomplish essentially the same result, then the lesser cost project would normally be the
preferred project for implementation. However, it is seldom that two projects have
sufficiently similar results that would allow such a clear choice to be made. Alternatives

are needed to assist in delining project priorities,

The previous discussions in Section 2 looked at drainage improvement needs for various
subdivision areas from two perspectives, as summarized in Table 2-4: 1) the estimated
flooding severity (as estimated from flooding reports), re-expressed in terms of flooding
problem severity rank (10 being highest level of severity and 1 being the lowest level);
and 2) estimated beneficial impact, as estimated by the number of properties judged to be

beneficially impacted by proposed drainage improvements.

On the other hand, it is recognized that particular projects which have been proposed are
intended to eliminate significant flooding in particular areas; these areas where flooding
will be largely eliminated may and generally do cut across portion of different
subdivisions. Exhibits 4-4, 4-5, and 4-6 show, for each of the channel improvement or
diversion project needed in order to address current drainage and flooding problems,
those subdivisions that will, all or in part, be beneficially impacted by a particular project.
If prioritization interest were to be focused upon addressing problems in a particular
subdivision, these exhibits along with Table 2-4 can be used to identify those projects

which should be given a higher level of importance in project prioritization.

A more quantitative basis for establishing a potential prioritization of projects is to count

the number of residents (as reflected in the total number of flooding reports) for which

flooding would be generally eliminated. These flooding report numbers are listed in
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Tables 5-7 and 5-8. Projects which address areas with a large number of flooding
reports are projects which would be recommended as having a high priority for
implementation; projects affecting areas with small numbers of flood reports should be
considered to have low priority and be considered for construction only after other major
problems are addressed. Generally, the lower the project cost and the higher the number
of flood reports being addressed by a project, the higher the priority for construction. It
should be noted that Table 5-7 orders the improvement projects based on cost, while

Table 5-8 orders the improvement projects based on number of flood reports.

Depending upon the cost of projects and the number of drainage reports in an area that
particular projects would address, a particular level of cost per number of reports might
be considered as a basis for defining a cut-off for consideration of a project to be
implemented. Such a cut-off criteria might dictate that some projects never be built; such
a conclusion should be recognized as an issue in setting priorities and selecting various

projects for implementation.
5.1.3 Priorities for Future Regional Detention Projects

In estimating needed detention storage, it should be noted that in order to determine the
benefits of existing developable land that might become developed in the future,
currently undeveloped land areas were assumed to become fully developed with dense
residential lots of a typical size of 0.25 acre. The increased flows and runoff volume
caused by the increase in development for the future conditions will be mitigated with the
construction of regional detention ponds. These regional detention ponds are intended to
address future problems. Also, the construction of regional detention ponds assumes that
the receiving streams have the needed improvements to efficiently convey the flows out

of and into the receiving streams.
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If and when construction of regional detention projects occur, the order of their
construction will be dictated by several factors which cannot at the current time be

determined:

. Where and at what level development is occurring in the City and thus the
magnitude of the need for having regional detention

. Whether all needed detention is to be provide by regional detention or only a
portion of the needed detention would be provided by regional detention; this
factor may be significant if deciding the number of actual detention projects to be
developed to meet an overall detention need (because as has been previously
noted, all the projected regional detention for a particular channel system does not
have to constructed at one location).

. What type of funding arrangements are to be used to pay for cost for construction
of a regional detention pond

. To what extent joint regional detention projects developed in conjunction with
HCFCD or other cities can be relied upon to meet regional detention goals

. Whether regional detention or on-site mitigation is to be used by developers in the

area potentially serviced by a regional detention facility.

In regard to use of regional detention versus on-site detention (the last issue in the above
list), decisions about use of regional or on-site detention will likely in large measure be
determined on a cost basis: Is it more cost efficient for a developer to pay for
participation in regional detention or to develop on-site mitigation but lose developable
land because of on-site pond construction? To gauge the potential choice to be made,
there is included in Tables 5-2 (for FEMA modeled channels) and 5-3 (for non-FEMA
modeled channels) data which presents the cost of regional detention per acre of
developable land (i.e., currently open land presumed to be fully developed in the future)

tributary to the regional detention site. The smaller the value of this dollars per acre of
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developable land, the more likely would it be that regional detention would preferred

over on-sile detention by a developer.
52  Implementation Issues

In addition to construction costs and prioritization of construction projects, other factors

which are important to constructing or implementing various projects are the following,
5.2.1 Change of Information or Details of Projects

The descriptions of projects identified in this CWDS for possible implementation are
based upon available information at the time the CWDS was prepared. The level of
detail used in the project descriptions is appropriate to the planning level focus of this
study. More detailed analysis will be required for the design of particular drainage
remedies prior to actual construction. Some features of the proposed remedies may
change as more information is developed as part of detailed design. In addition, changes
in development patterns, land use, effects on drainage from out-of-city sources, or other
similar factors affecting drainage behavior may also occur. Because of such possible

changes, priorities for order of construction project may well change over time.

Consequently, drainage conditions in the City should be periodically reviewed to assess
whether conditions have changed sufficiently to significantly affect the character or

priority of construction of recommended drainage improvements as given in this CWDS.
3.2.2 Pre-Construction Requirements

Prior to development of a final design and construction of a particular project, various
specialized studies in addition to detailed hydraulic study will be required, including

detailed survey, geotechnical investigation, right-of-way investigation and delineation.
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Since only preliminary estimates of available right-of-way were used in development of
channel improvement alternatives, detailed right-of-way investigation will be required as
part of detailed project design for some projects. Some modifications to proposed

improvements may be required as a consequence of such detailed investigation.

Environmental evaluation should also be anticipated to demonstrate the absence of
adverse environmental impacts for a particular project. Environmental review for
potential impacts on existent wetlands will be required if wetlands are identified within
the proposed project area. Furthermore, since channels may be modified by cut and fill
activities, US Army Corps of Engineers (USACE) Section 404 permit is required for
channel-affecting projects. In addition, for modification of channels (or portions of a
channel) which are tidally affected, USACE review and approval will be required
because tidal-affected waters are, by definition, waters of the United States and under the
Jurisdiction of the USACE. The need for significant coordination and review by the

USACE to address potential environmental impacts should be expected.

Proposed modifications to HCFCD channels or modification of discharges to HCFCD
channels will require review by HCFCD; of particular interest to HCFCD will be possible
increases in discharges and potential resulting downstream impacts. Mitigation of

discharges increases should be expected to be an approval requirement.
5.2.3 Tidal and Tropical Storm Influences

This CWDS does not specifically address surge impacts in Galveston Bay arising from
troptcal storms or hurricanes. Unusually high fides induced by bay storms can induce
nearby shore flooding which drainage infrastructure cannot mitigate. High bay water
levels will propagate up primary and major tributary channels and, depending upon their
magnitude, may induce flooding. To limit adverse impacts from such effects, six primary

options are available: 1) early warning to citizens; 2) construction of finished floor slabs
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(for new development or redevelopment) above anticipated surge levels; 3) raising of
existing building; 4) construction of tide gates at the mouths of channels draining to the
bay; 5) requiring new development to have appropriate flood proofing; and 6) property
buy-outs of affected homes. However, it is to be recognized that even when tropical
storms are the initial cause of flooding, accompanying rainstorms can often induce more
flooding than the surge from a tropical storm. The proposed infrastructure in this CWDS

is intended to address such severe rainstorm events.
5.2.4 Design Frequencies

Pursuant to City drainage criteria, proposed improvements {o primary and major
tributaries have been designed for 100-year storm events, depending upon the type of
improvement and the drainage area of the proposed improvement.  However, storm
sewer systems, which are not specifically. except for identifying them as problematic in
some areas as addressed in this CWDS, are designed, if City drainage criteria are
followed, for the 3-year storm frequency event. Consequently, limited flooding of streets
is to be expected for some storm events. In responding to citizen complaints about
localized flooding, which can sometimes be relieved by development of sheet flow paths
(as 1s recommended in this CWDS for some areas), it should be borne in mind that City
drainage system design are intended to use the City streets for drainage for storm events

more severe than a 3-year frequency.
5.2.5 Non-City Funding

Potential funding sources for drainage and flood prevention projects have been
previously discussed (see Section 6 in Letter Report No. 3). In addition to alternative fee
or tax-based methods for generation of additional revenue, the City should consider

seeking grants or loans interest lows from either Federal or State sources. Appendix B
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provides a listing of websites where information on various funding source for drainage

and flood protection projects can be found.

Of particular interest to the City for funding of drainage or flood protection projects
would be both 1) loan programs and 2) grant programs administered by the Texas Water
Development Board. Of particular interest in the loan program category is the State Loan
Program (Development Fund Il), which can provide low interest funds for construction of
storage facilities and enlargement of channels, both of which are some of the options that
have been identified for addressing some of the City’s drainage problems. In the latter
calegory are grants administered by TWDB for drainage facilities and related activities
such as focused drainage studies. While the competition for such grant funds is
stgnificant, demonstration of a clear need for the funds and a sound technical approach
for use of the funds can go a long way toward being selected for distribution of such

funds.

Also of significant interest are grant funds from the Governor’s Division of Emergency
Management which administers grants for hazard (e.g., flooding) mitigation and pre-
disaster mitigation. Grants under these programs can be used for acquisition of flood-
prone structures, retrofit of facilities to increase the flood protection, small scale

structural hazard control projects, and preparation of mitigation action plans.

Another important source of funding for drainage projects could be joint development of
a project between the City and other parties, such as the Harris County Flood Control
District.  Such joint funding would typically be contingent upon demonstration of the

mutual benefit of the propose project to both parties.

One such potential joint project is the detention pond option identified for Big Island
Slough (B106-00-00) and Willow Spring Bayou (B112-00-00) (see Table 4-1). Due to
the highly developed nature of the areas in the vicinity of the proposed channecl

5-9
Klotz Associates Project No. (1127.008.000 La Porte Citywide Drainage Study
January 2009 City of La Poite



klotzq()associates

improvements, the City might be hard pressed to acquire the needed acreage for building
the detention ponds. However, there are available undeveloped tracts south of the City

along these channels that could be used as detention sites.
5.2.6 Drainage Interaction with Other Cities

The recommended drainage improvement projects are within the boundaries of the City.
This constraint on selection of projects was purposely made in order that implementation
of projects could be pursued at the City’s own discretion and without potentially delaying
or undesirable encumberment. However, two factors should be borne in mind in dealing

with drainage issues extending across city boundaries.

Mitigation of increased runoff due to drainage improvements within the City may often
be required to prevent adverse impacts upon downstream locations beyond the City's
boundaries. Increasing the capacity of a channel will typically result in increased
discharges to downstream reaches. To determine whether such increases will be
significant will require detailed engineering analysis done as part of detailed design for a
particular project. [If such increases are found to be significant, detention or flow
impediment will typically be required to prevent such downstream increases. If such
increases are significant at points beyond the City’s boundaries, special caution and
application of appropriate mitigation will need to be exercised to avoid adverse impacts

on downsiream areas beyond the City boundaries.

On the other hand, the drainage improvements identified in this CWDS assume that

drainage from sources outside of and upstream of the City will not be increased by

actions of others. If the City were to become aware of anticipate changes of conditions in

upstream areas which might adversely impact drainage or flooding conditions, the City

should coordinate with the upstream cities to address such anticipated impacts. This

coordination should provide a clear and descriptive enunciation of why adverse impacts
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are expected and identify potential means to mitigate the adverse impacts, either by
remedy within the boundary of the upstream City or by remedy within La Porte with
appropriate contribution to implementation of the remedy by the upstream City. Such

coordination should be pursued where necessary.

If the City suspects that a current flooding problem within the City is the result of past
unmitigated changes in an upstream, non City area, the City could undertake discussions
with the upstream entity believed to be contributing to the current flooding problems.
These discussions and the actions taken in support of the discussions should 1) delineate
the character, location, and extent of the flooding problem believed to be the result of the
upstream conditions; 2) identify, describe and demonstrate the change or set of upstream
conditions which are believed to be the source of the flooding problem in question; 3)
suggest potential remedies for the problem, and 4) propose a recommended plan to

implement actions to institute the remedy.
5.2.7 Implementation of Drainage Criteria
Recommendations for upgrades in drainage criteria and standards currently used by the

City were made in Section 2 of Letter Report No. 3. Particularly important among those

recommendations in regard to recommended drainage projects are the following:

5.2.7.1 Provision of Sheet Flow Paths

Sheet flow path identification and inclusion should be a required consideration in all new
or redevelopment as a typically efficient means to control excess street ponding.

Proposed future development should be critically reviewed in regard to provision of

ponding relief using sheet flow pathways.
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5.2.7.2 Construction in Special Flood Hazard Areas

While the City does allow under certain conditions construction in known floodplain
areas (1.e., special flood hazard areas), the City should allow such construction only under
very special circumstances. Experience has shown construction in special flood hazard
areas Is an invitation to flooding if such construction is not carefully designed with
flooding issues fully recognized. Critical to allowing such construction, if the City feels
it essential to proceed with such construction, is 1) requiring finished floor slabs to be
above the 100-year flood level; 2) requiring tlood proofing of the ground floor structures;
and 3) allowing such construction only in storage areas well beyond the floodway so that
flood flow velocities are quiet small; 4) mitigation of fill in the floodplain along with any

needed detention.

Also to be recognized is that detailed flood flow analysis and floodplain delineation has
not been accomplished for many of the smaller creeks, streams, and channels in the City.
Thus locations of anticipated flooding when severe storm events occur are not accurately
known at the current time. It would be to the City’s benefit to conduct flood analyses that

would delineate floodplain areas not currently known.
5.2.7.3 Minimum Low Chord Clearances

New bridge or bridge modifications in the future should be sure to have low chord

clearances in accord with City criteria.
5.2.7.4 Capacity Improvements in Storm Sewer Systems

Review of storm sewer capacity should be considered in areas where this CWDS report

has identified inadequate capacity as the likely key source of reported flooding in a

particular area. In making such review, several factors should be considered: 1) what is
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the appropriate design frequency for the sewer systern; 2) the inclusion of sheet flow
relief paths to address storm events in excess of the design capacity, and 3) the capacity,
spacing, and size of inlets. Temporary reduction in street inlet capacity due to inlet
clogging by debris is often a root cause of localized flooding. Frequent removal of trash
and debris from streets can be a key element in maintaining the capacity of storm sewer

systems.
5.2.7.5 Minimal Detention Levels and Numbers of Detention Sites

The detention requirements identified for mitigation of proposed improvements,
diversion of flood waters, and storage for regional detention are estimated minimal
detention amounts to accomplish the intended purpose of the detention. Actual detention
volumes will be somewhat in excess of these amounts in order to provide potential
freeboard; estimated land acquisition for the pond will require inclusion of land for
surrounding maintenance berms and inlet and outlet structures. Detailed engineering of

the detention system in question will be necessary to refine these features.

One of the key issues in providing the required detention will be determination of
whether one site or more than one site will be used to meet detention requirements.
Detention does not necessarily have to always be provided by a pond at one site only.
The present CWDS report identifies, based upon apparent availability of open land,
potential detention sites. Detailed engineering can evaluate the feasibility of using one or

multiple sites for meeting detention requirements.
5.2.7.6 Enforcement of Drainage Criteria

Drainage criteria as defined by City policy should be rigorously enforced. Letter Report

No. 2 recommended certain modifications to the City’s drainage criteria manual.

Irrespective of whether these recommendations are adopted, the criteria in the drainage
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manual should be, for the purpose of preventing the development of future drainage

problems, rigorously and consistently enforced by the City.
5.2.8 Issues in Regional Pond Development for Future Development

Regional detention pond development has been proposed as a primary strategy for
addressing impacts of future development. Regional detention is one component of a two
prong strategy: On-site detention versus regional detention. If carefully designed and
implemented, ecither methed, or a combination of both, can effectively address potential

future drainage impacts arising from development or redevelopment.

Several factors affect, however, which may make regional detention less attractive than
on-site mitigation: 1) The runoff from an upstream development site must get to the
regional detention site; if the runoff is to reach the detention site, then the channel
conveying the site runoff must be sufficiently large that the increased runoff from the site
does not exceed channel capacity; and 2) off-site detention has hydraulic inefticiencies
which would typicalty cause the required detention for the regional pond to be larger than

the sum of the on-site detention.

On the other hand, the advantages of regional detention include 1) the ability to mitigate
for areas where on-site mitigation is not feasible; 2) increase in the developable land on a
site; and 3) utilization of economy of scale to lower overall construction costs for

detention.
Other benefits to regional detention, less apparent, are the following:

. Regional detention can be constructed to address some current drainage problems.
Early construction of regional detention to address future drainage could be
combined with detention to remedy current drainage.
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. Regional detention can be constructed in stages (with staged construction at a
single site or by use of multiple sites), thus lessening initial construction costs.

. Regional detention provides a mechanism for cost recovery; sale of detention can
be established to either recover incurred costs or incurred costs with additional
surcharge to recovery other drainage improvement costs.

. The availability of regional detention can be an attractor for new development.

If regional detention were to be employed, a cost recovery strategy could be based upon
1} initial funding being provided by the City to provide some detention to address certain
cxisting drainage problems; 2) allowing early purchase of surplus detention by
developers to reserve detention space in the detention system so that it is present when it
is needed for the development; 3) establishing a fee for purchase which is sufficient to
ultimately recovery both upfront costs and expansion costs; and 4) encouraging use of
regional detention by establishing a development fee on development which uses on-site

detention rather than purchasing storage in a regional facility.
5.2.9. Existing Detention Issues

Detention for remedy of existing flooding problems will generally be required as part of
the mitigation of increased channel conveyance when channel improvements are made to
address current flooding problems if downstream impacts are to be avoided. Potential
detention pond sites have been identified for such mitigation (see Exhibit 4-1, 4-2, and 4-

3).

Detention can be used to address anticipated future increases in runoff due to

development, as discussed in the preceding section. Some of this regional detention

could be also be constructed to alleviate some current drainage problems, but at costs

which are anticipated to be more than other options selected (i.e., channel improvements).

One large site currently available but undeveloped is a site located on property south of
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the City along B109-00-00 on land owned by HCFCD and the city of Pasadena (see Pond
Site 43 in Exhibit 4-1). Joint funding arrangements could be possibly made with HCFCD
which could speed the development of this site under financial conditions favorable to the

City.

There is, in addition, currently a HCFCD regional detention facility (see April 1997,
Wilbur Smith Associates, Consulting Engineers and Planners reference in Appendix A)
along B112-02-00 in Deer Park about 2,000 feet north of Spencer Highway and north of
the La Porte city boundary (see Exhibit 5-2). This pond provides mitigation of channel
improvements in Deer Park north of the pond site as well as possible mitigation of runoff
from future development north of the pond in Deer Park. There is a potential, albeit
limited, that some surplus detention is available in this existing pond which could be
allocated for regional detention needs in La Porte; discussions with HCFCD and Deer

Park could be undertaken to assess this potential,

There are also four potential regional detention sites (Harris County Flood Control
District, Armand Bayou, HCFCD webpage) located south of La Porte (see Exhibit 5-2)
being considered for development by HCFCD. The most northern of these has a
potential to provide regional detention (to address current conditions or future
development impacts) that may be beneficial to La Porte. Discussions with HCFCD need
to be undertaken to assess the possibility of storage allocation in these reservoirs for the

benefit of La Porte drainage and flooding mitigation.
5.2.10 Easements, Kight-of-Way, and Land Acquisitions

The CWDS anticipates that some easements and right-of-ways will have to be acquired.

Because the CWDS is a planning Ievel study, specific acquisition requirements were not

identified. Channel widening, however, was keyed to stay within the existing bank line,

thus possibly requiring only land for maintenance berms, if such easement does not
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already exist. Proposals for sheet flow pathways, likewise, did not address whether the
City had the easement necessary to utilize the proposed sheet flow path; the sheet flow
path identification was based only upon apparent need and availability of open land for
the pathway. Detention ponds, likewise, assumed that acquisition of land could be

accomplished at locations wher¢ ponds might be located.

However, when making cost estimates for proposed improvements, account was taken of
reasonably likely cost for land acquisition. For channel widening, land acquisition for
maintenance berms (20-feet on each side of the channel) was assumed. Sheet flow
pathways assumed land acquisition would be required for a path 20 feet wide the full
length of the proposed pathway. For ponds, estimates of pond area were provided based
upon detention requirement and representative pond depth with 30-foot maintenance

berms; these areas defined minimum land acquisition requirements for the ponds.

Buy-out of lands with homes was not specifically identified as alternative for addressing
flooding problems. Channel widening was limited to estimated existing channel widths,
sheet flow paths were selected to avoid existing residents, and detention sites were
limited to currently undeveloped lands. Thus buy-out of homes is not being proposed as
part of this CWDS though some solutions will require that some portion of selected

nearby properties be acquired.

It is recognized that home buy-out is sometimes proposed as a flood control remedy; such
buy-out may become nccessary in the future, but the current plan is intended not to rely

upon this strategy.
5.2.11 Ownership and Maintenance of Drainage Facilities

Within the three watersheds (Clear Creek, Armand, and San Jacinto/Galveston) which
compose the City, there are numerous named bayous and ditches. Seven are in the Clear
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Creek Watershed, e¢ight are in the Armand Watershed, and fourteen in the San
Jacinto/Galveston Watershed; these are listed in Table 5-8. Critical to effective function
of these as well as small ditches and channels is proper maintenance. Ditches, channels
and bayous need to be kept reasonably free from obstructions, debris and excessive

vegetation (e.g., trees, brush, high grass) for the watercourses to function as planned.

Maintenance responsibilities, in absence of agreements stating otherwise, are normally
considered the responsibility of the owner of the watercourse. Of the 29 named
watercourses in the City, only nine are believed to be owned by the City. Four others
have unclear ownership or joint ownership with HCFCD. The remaining are owned by
HCFCD (see Table 5-9 and Exhibit 5-1). The City should be aggressive in proper

maintenance of watercourses under their control.

On the other hand, if a watercourse is not owned or under the control of the City but
maintenance is inadequate, the City faces a dilemma. Inadequate maintenance in such
non-City watercourses adversely impacts the function of the watercourse (thus adversely
affecting City drainage and flooding), but the City does not legally have the

responsibilities or liabilities associated with ownership.

It is recommended that the City pursue written inter-local agreements with HCFCD (for
watercourses for which such agreements may not already be in place) regarding
maintenance of watercourses owned by HCFCD lying within the City. For watercourses
of critical importance to adverse cffects on flooding in the City, an interlocal agreement
should be developed between the City and HCFCD to assure that if HCFCD does not or
seeks not to maintain the watercourses in question at levels the City thinks appropriate,
the City has permission under appropriate limitations and constraints to perform such

maintenance for an agreed upon compensation or other considerations.
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TAB
LIST OF

LE 2-1
STREAMS

Total Drianage

Drainage Area

e Type Area with in the City Mogeled
Clear Creek Watershed
A104-00-00 (Tayior Bayeu) Primary 1G99 13888 Yes, TSARP
A104-07-00 (I'ributary 3 93 to Taylor Bayou) Tributary 14451 370 Yes
A104-07-01 Tributary 493 495 No, Not encugh data
A104-:0-00 (Boggy Gullv/Bayou) Tributary 128 59 No, Not encugh data
A104-10-02 Tributary 22 18 No, Not encugh data
A104-12-00 Tributary a6 626 No_Not enousth data
AL04-12-01 Tributary 48 48 Yes
Armand Bayou Watershed
B106-00-00 (Big Island Slough) Primary 2812 2812 Yes
B106-02-00 Tributary 598 598 Yes
B106-05-00 Tributary 155 155 Yes
B106-06-00 Tributary 268 268 No, Not enough data
B108-00-00 (Spring Guliy) __Primary 3452 646 Yes
B109-03-00 (B112-02-00 Interconnect) Primary 203 203 Yes
B112-00-00 (Willow Springs Bayou) Primary 3259 348 Yes
B112-02-00 (Tributaly 1.78 to Willow Sprinr Bagoul Tributary 143 128 Yes
San Jancinto/Galveston Bay Watershed

F101-00-00 Primary 871 871 Yes
F101-01-00 Tributa/y 641 250 No, Not enough data
F1G1-03-00 Tributary 451 451 Yes
F101-06-00 Tributary 245 245 Yes
F101-06-02 Tributary 19.5 195 No, Not enough data
FLO1-06-03 [ributary 6.4 16.4 No. Not enough data
F101-07-0¢ Tributary 53 53 No, Not enough data
F101-08.00 Tributary 78 78 No, Not enough data
F210-G0-0G ~ Primary 539 24| No, Not enough data
F212-00-00 (Deer Creek) Primary 430 430 Yes
F216-00-00 (Little Cedar Bayou} Primary 1868 1868 Yes
F216-01-00 Tribusary 364 364 Yes
F216-02-00 Tributayy 5 SaNTa— No, Not enough data
F216-04-00 Tributary 73 73 No, Not enough data

Klotz Associates Project No.: 0127.008.000
January 2609

City of La Porte
Cily Wide Dramage Study



TABLE 2-2
SIGNIFICANT DRAINAGE OR FLOODING PROBLEMS

Name of Flood-Affected Area | Siuk (10 'SF?'g:.e“) Number of Lots Likely g _
(See Exhibit 7,8, & 9 far | AsSUming Flooding {0 ily Benefit from|  “'<el¥ Significant Source/Cause of
location) REPIIG Rive Drainage Improvement Elocding
Fifferent Weight
Brookglen 10 600 Mixture of Inadequate Sewerage and Insufticient
) Channel Capacity (B112-00-00)
Creckmont Section | 10 110 Inadequate Scwerage ~
[.a Porte 9 375 Insufficient Channel Capacity (F216-60-66)
Glen Meadows 9 160 Mixture of Inadequate Sewerage and Insufficient
Channel Capacity (B 106-00-00)
Fairmont Park Tiast 8 500 Inadequate Sewerage
Pinegrove Valley 8 220 Mixture of Inadequate Sewerage and Insufficient
Channel Capacity (F101-00-00)
Spencer [ighway Estates 8 l 100 Inadequate Sewerage
Fairmont Park West 7 390 Inadequate Sewerage
Shady River 7 154 Mixture of [nadequate Sewerage and Insufficient
Channel Capacity (A104-12-00)
Bay Colony 7 128 Inadequate Scwerage
Fairmont Park 6 330 |Inadequate Sewerage
Creekmont Section 2 6 30 Inadequate Sewerage
Bayside Terrace 5 252 Inadequate Sewerage
Lomax Garden 5 160 Mixture of [nadequate Sewerage and Insufficient
Channel Capacity (F101-03-00)
Meadow Park 5 91 Mixture of Inadequate Sewerdge and [nsufficient
. Channel Capacity (B106-05-00)
Old La Porte 4 150 Mixture of Inadequate Sewerage and Insufficient
| Channel Capacity (F216-00-00)
Battle Grounds Vista 4 10 Inadequate Sewerage
189 Mixture of Tnadequate Sewerage and Insufficient |
Pinc Bluff 3 Channel Capacily (A104-12-00)
Bay Shore Park 3 50 Data [nsutticient
Beach Park 3 50 Inadequate Sewerage
76 Mixture of Inadequate Sewerage and InsufTicient
Woods On The Bay 2 Channel Capacity {A104-12-00) )
21 Mixture of Tnadequate Sewerage and Insufficient
Villa Del Rancho 2 Channel Capacity {B106-05-00)
Spencer Landings 2 10 [nadequate Sewerage
Meadowcrest 1 50 Inadequate Sewerage
Battleground Estate 1 20 tnadequate Sewerage
Bay Front To La Porte ] 40 Data lnsufficient
San Jacinto Homes 0 10 [ata Insufficicnt
Klotz Associates Project No.: 0127.008.000 City of La Porte

Jamuary 2009 City Wide Drainage Study



TABLE 2-3
POLICY WEIGHT FACTORS FOR FLOOD PROBLEM INTENSITY

Type of Flooding Report B "“cy'b?:i:eighﬁ“g
Report Type 1: Reports on severely damage residences 5
Report Type 2: Repetitive loss reports on structural (residential) flooding 4
Report Type 3: Tropical Storm Allison flooding in 2001 - l
Report Type 4: Tropical Storm Erin flooding in 2006 - 1
Report Type 5: Miscellaneous but reliable data 1 1
Klotz Associates Project No.: 0127.008.000 City of La Porte

January 2009 City wide Drainage Study



TABLF 2-4

PRIORITIZING DRATNAGE PROBLEMS

Maximum of Intensity in] Maximum of Inlensity in e . Rank (10 is Highest) : i
MName of Flood-Affected Area | Atfected Area Assuming | Affected Area Assuming ; Hmur.ﬁc s Hm.m_unu.: Assuming Flovding Number of Luts in 2.:-.:—::‘ alligts Liketvily
. ot | Assuming Al Flooding ; e Directly Benefit from
(Alsn Show Name on Map) All Flooding Reports of Flooding Reports have Renorts of & Weinht Reports have Different Subdivision Area T T

Same Weight Different Weight SPOmSOleamE R Weight I

Brooaglen 11.84 33.37 @l m 8§35 60D
Creckmant Seetion | F0.99 == AN 10 Hil 338 30
Cilen Meadows 10,17 13,43 9 9 744 il
La Porte 331 2.68 & u 435 37
Spencer Hglraay Fstales 276 Bal 6 8 31 o
Imimmon Park ast 813 i ] 1318 300
Paecgrove Valley T.64 % 8 275 220
Fal-month Park Wast 679 8 7 1232 390
Bay Colony 669 5 7 128 128
Shady Rver .43 3 7 154 154
Criekemant Seclion 2 16.32 7 ] 138 30
Falmmont Park 3,86 7 6 705 330
1.omax Garden 547 G 5 18l 160
Meadow Pask 532 ] 3 91 a1
Bayside Terrace 377 3 5 252 252
Ol lLa Porte 336 4 4 1305 150
Battle Grounds Vista 2.75 3 4q 55 5]
Ray Shore Par'c 274 3 3 217 )
Reac Park 2.67 2 3 ik} 5

Pine Bluff 230 | 3 189 18%

Vilia 'Nel Ranzho 213 S 2 21 2

Woods O The Bay 1.84 2 2 76 76
Spencer Landings 178 2 2 26 i
Meadowaras 152 ] 4 1 351 30
IBacteground Estate 0.55 | i 197 20
Bay Frort To {.a Parie nss a u 436 a0
D55 Ll 0} Z81 10

Klotz Associates Projeet No.. 0127.008.060

Junvary 2009

City of La Pore:

Cily Wide Drainage Study



TABLE 2-5
SHORT-TERM PROJECTS

Project Number Name Progress
Short Term Project 1 Catlett lane Pavernent Replacement Completed and Constructed
Short Term Project 2 Creekmont Park Overflow Path [Design Completed
Short Term Project 3 Drainage Improvements Along Driftwood Drive Proposed Relief Swale Path
Short Term Project 4 Fleetwood Drive Outfall Pipe Upsizing Proposed Outfall Pipe Upsizing
Short Term Project 5 Glen Meadow Subdivision Interceplor Inlet Proposed Interceptor [nlet with Additional Outlets
Klotz Associates Project No.: 0127.008.000 City of La Porte

January 2009 City wide Drainage Study



TABLE 2-6

SHEET FLOW PATHS

Pussibility of Numbher of itanl{Rasnming g
e Modilicalion T L Bottiom | Depth | _. Floeding Reports Land Excavation Excavation
Chunnel ubdivisivn Name Sheet Flow ; Deseription Proposcd 3 % Side Sloc A "
Tath Type K Width | (Typical) have U. flerent Acquisition Volume Volume
Weight)
(L (L) {H:¥) (10 Highet, D Lowest] {acres) liae-fi)
- R ) Clear Creek Watershed ~

A 104-00-00. AT04-12-01 Shady River No - - - - - 7 P . B
A104-07-30 Speneer Laiicin No - - - o 7 - -
A104-10-20 Bay Colony No - 7 - -

104-10-00 I._maﬁ.n_m ‘Terrace Na = . - - 5 | _ -

S - o Armand Bayou Watershed ) o e
131 06-00-00 Creekmont Section | Yes Relief Swale Trapezoida (Concrete) 1 I il | L] 015§ 9900 0.23
106-00-00 Gler Meaduws Yes Reliel Swale Trapezaidul (Concrele) ] ! 5 1 9 0.12 15056 035
T 106-00-00 | m.h_“a_: anl F.:.w, ,Munm e Reliel Swale Trupezoida, (Concrete} 5 1 3 1 7 024 15838 49,36
B 26-00-00 Fainmont Park Ve Relicf Swale Trapczaidal (Concrete) ] | 3 G 0081 ; £200.4 o.12
BI0G00-00 'Creckmont Scetion 2 Yes Relicf Swale Trapczanda {Conerete) 1 B o See Creekmont Park Report
B! 05-00-00 Mendowerest No - - - - : - | |
B196-00-00, B106-02-00 I“airmont Pa-k L.ast Yes IRejisf Swale Trapezoidal {Concrete) 5 3 1 8 028 18130
RL06405-00 Meadow Pak Yeu [Retief Swale Trapezo‘da! {Conerete) 1 3 1 A | 0058 wwﬂ
R 106-05-00 Villa Del Ranchg Yes Relief Swale Trapezoidal (Concrete} 1 1 3 | 2 _ 010 6R1T
B{09-00-00 _ Speneer 1lighway Gstales Yis Relicf Swale Trapezoidal {Conerele) | 1 B ] E] 4__ '3 3458
BRI, 200002 _Nho».oo_ Braokglen Yes Relict Swale Trapezoidal {Toncrete) 9 1 &) ] 10 _ 04 26416
San Jacinto/Galveston Bayou Watershed B _li

E101-99-00 Bartleground Estate Yes [Relief Swale Trapezo.dal { Conerete) | 1 ) 3 1 1 _ 0.15 | 976l 0.22
F101-00-00, F101-03-00 inegrove Valley Yoo Relel Swale Trapesoidal (Conerele) 1 1 3 1 ¥ 0.03 1699 .04
Fl61-05-00, F101-06-00 Lomax Garden Ne - . - 3 5 =
F212-00-00 Bay Shore Park Noe 3 : 2
[272-00-00 Bay Front To La Porte No 3 = :. = 0 _ = -
F212-00-00 San Jacinte Homes Nn - - - - (] - -
F216-00-G0, F216-01-00 La Porle Mo = A = . - 9 [ 3 4 )
127 &-00-00) 0Old La Porte Yes Reliet Swale Trapezoidal (Conerete) r 1 2 1 4 | 114 3640 216
1976-00-0) Batt e Grounds Vista No = - 3 H =
iGalveston Bay Pine Bluff Mo - - 2 - 3 A |
Gelveston Bay Beach Park Mo - - 3 - - -
iGalveston B Woods On Th: B Nu 2 ﬁ - -

No sheet flon paihs possible.

Klniz Assaciates Project No.: 0127.048.000

Tanuary 2009

City of La Poric

Lity Wide Dra‘nage Study



raklE 3-1
ANNEL ANALYSIS SUMMARY

Chusen Ml cling Protredere

Mt 1 1hnes

Kletz Associates Prowest No., 0127.008.5
Januery 2009

Nemher nf Numher nf Number T 1L hof Normal Depth TIFC-RAR MEC-RAS
Chanuel Watershed and Name HEC-RAS Stalus Surveved Surveved Missing Claniel Type m“ﬂua_u_ e umw Madeling {Nou- Maodeling No Madcling TReason far Chasen Modeling Procedure
Sections Bridges/Culverts | RBridges/Culveris = " |pearclerenced) (Geoveferenced)
Clear {reel Walershed
A104-00-00 {Tay Jor Ragyou) ?_r__.._m_w«._,“n%mﬂ_ﬁncﬁ ko 2 0 1 Primy Ch g 900 fiet X Mideling comp'eted
1 [
ALO4-07-00 (Iributiry 3 93%a Laylor Bayou) Gl (_M,nﬂ.«qh“u%ns: iy | n " Tributary _ L0000 T x INo problem vomplaiuts < ceurded dlor: Libulary
AlG-12-01 Kot New muwdel 3 i _ | ey _ 6,500 feet ® W it el missme d s, apectally bridge: e
Armand Bayou Watershed
N | | - %
DI 0030 (Big 1sland Sloughy T'EMA Maodeled Catnpleled i [} v _352Q Chia.x! NiA = |.__'“?—=__ 3 complated
, : | nited sndlor niseti 2 dat Iy hridge datz
BI9942-10 Klotz New model 2 i 1 Tribotary | 4.800 Gt X e
| car problen locat ous
| Lovtor model £2,100 teet) can be sl ot area
45 - ' L X o 5
BlGo-33-110 Kotz M ow model | | 11ibutary 4500 fon 5 TR S
P T 1 r [
Revising FEMA model to \ i "
900048 g G y # [ ) ary Mide ng completed
BLAY-S0-04 8,0g Gudly reflect axisting candiins L Prunary Channel “ nde ng complate
. Revismg SEMA model 10
(13- 2] S = € i} [8 Trity A4 Modeling complered
B105-03-00¢ B 11 2-02-00 [niercennedt) refloet et canduun ans | | | utary | [ odeling complee
Reviging FEMA madel to ' v
7 Hlow it N I [ Tl NA Maode'my ¢ leted
3 At e o Willow Spriiti: Hayoll yelfect exfsle condilioes i 1 {ihutary UETE CEnpi
—_— | |
[FE12-00-00 { Willow Springs Bavou? ITVA Modeled Compleled Ul o ] Primary Channe NiA X Modeling comp cted
San Jancinto/Galveston Bay Watershed
FL01-00-00 Klulz New mude] 3 4 i} Primary Chamel! 15,000 feel X _I_Awu “addel available
2 3 - | Linsited an Vor missimg daia, especially hridge data
3 5007 y . 2 A e : | ] :
FLO--(5-0 K inm. New maodel 2 ] { 19 {driveways) A Roadside itch | 113090 eel | X e rondside diich
1 | 0 . ) X oL surviyed onicled as per Ciy's
FLOT -06-00 Klow New mode] a i | I ! {tibnary 70U fet ! ~pcommen +Han
1 - Tmpormant Shanwed he with innted wmd‘or oussing
220000 1 = 2 He i d | Y : 4 5.2 3
F212-00-92 Dver Crevk) Ravle Mew mode] 2 _ I vrimary Channe? 5,200 et X dua especially brides da;
F2' 6-00-00 (Lirtle Cadar Rayon) FREMA “Indeled Complared a i il Arimary Chanme? . Py Madeling cornp eted
T 1 ] 1 =
Linsid-and issg tata, 5|
F 2160100 Kotz New mode] 3 2 s Roadside T 2100 feet % e ARG ASh

alzo a wadside iec |

Ciw of 2 Porte

oty Wide Uratafiee Sindy



TABLE 4-1

IDENTIFIED IMPROVEMENTS FOR FEMA CHANNELS

Est. Existing {st. Minimum Land
Meodilication Upstream | Downsiream | Lenglh | Botiem | Depth Side | N-value ROW ROW with Acquistion | Excavation
Channel Subbasin pt Descriplion Station Station Width | (Typical) | Slope of Channel 20" Berms ATca Volume
(i {1} () iy {In {H:v) {A) ity \&¢) ifue-Mt)
Clear Creek Watershed
A104-00-00 AlGdA _ Chan'icl Trapezoidal, carthen channe! (Grass) 344404 33195 108 | in H] 3 0055 78 118 ki 3.4
AT03-00-00 AlDdA | Chznnat Trapezoidal. carthen channel (Grass) 33196 32796 400 40 b 3 0033 76 "6 (L4 0.8
ALd-00-00 AlUdA Mitigation Pond Ehimensions: 255 % 255 (including 30 berm) ] o4 - 15 b 6.0
A 104-00-00 AlddA Regional Poud Dhmensions: 1200 » 1200" (includ'ng 30 berm) 3 q = - - 33.1 1850
ALDA-00-00 AlD4A Regional Pond Dimensions. 540" x $40" {including 30' berm) - - - 3 4 - - 67 34.8
ALD4-07-00 AlDAOTA Rerional Pond Dimensions 1630 x 1630 (incloding 30" berm) = = 3 3 5 4 2 - 61.0 5100
Al04-12-01 AlO4A zn.m._::m.,._..s:a Inmonsions: K707 x K70 Ca<luding 30 heon) - - - - 3 4 - - 17.4 910
Armand Bayou Watcrshed .

B1t6-00-00) BlueB, BLOGC Channel I 27400 26762 637 _ 70 17 1 104 144 (]
B G6-00-00| [3 0613, 131 06 Shanpel 1 ‘Teapezo.dal (Concrete) 6762 24577 1789 n ] | 166 146 14
BlG6-00-00| Bi0GB, B 06C Channel { Trapezoidal{Conerete) 24973 2376 1394 mn 20 L o 15D 1.7
B106-00-00 Blo6C Mitrgation Pond Dimensions: 510" x 340" (including 30" bern1) R . - = 8 4 - 6.7
13106-00-01 Blo6A Diversion Pond Limensions: 1060 1060" {ncladmg 30" berm) = - - - 8 4 ’ 258 _
B.06-00-D3| BI106A, B 061 | Diiversion Funl Dimensions; 11307 1 130° (incloding 30 berm) 8 4 - - - 29.3 [
B 10a-80-02 BlosA Regional Pond Dimensions: 1050 x 1050 ¢including 30" beran) - - - - 3 4 - - - 25.3
B112-00-00( B112A, B112B Channel Trapezoidal {Cencrete) 10792 10067 725 30 1 1 0.6
B1i2-00-00| B112A. B! 1213 Chonnel apesoidul (Conerels) 10067 9638 4249 50 12 1 0.4
B112-00-00| R112A. B1 125 Chanrel I'raperoidal {Concrete} 9638 77494 1840 | B0 15 1 16 4.8
B112-G2-00| B112A. B112B Charmcl Trapezoidal {Conctete) TT9% 5616 2465 80 17 1 2 248
BI112-00-00| BI1¥2A B!12B| Midaiion Pond Dimensions: 575' x 575" (incleding 30° bernt) - - - = 10 4 . L 16 63.0
13112-00-00 1H1L2A diversian Pu Himensions: 1780 x 1290° dactipditig 3400 berm) - i - - 8 4 . . - 382 3153
B 09-00-00 BI0%A Negional Pand Dimensions: 380" x 380" (including 30 hem:) 3 4 = - 7 390
B112-02-00 Bli202A keeional Pond Dimensions: 390" x 290" {inciuding 3¢ berm) - 5 = &) 4 B 3.5 16.0
B11200-00| B112A. BLIZD | Tegional Pond Dimensians 470 % 470° {incivedine 307 berm) - - - 10 4 : = - 3.1 | 41.0

San Jacinto/Galveston Bay Watershed —
F216400-00 F2iGa Regional Pond Dimensions: 630" x 480" (inchy - - - - ) 4 - - - 1& 520
[216-00-00* F2158 Regional Pond Dimensiung: 770« 70 {ineluding 31 berm) - - - 5 4 | | = L35 720
E214-00-00 F2160 Regiona! Pond Dimershans: 3007 % 30 ._”_:m uding T ._:":._uv_. s - 1 - ] 4 ¥ 5 21 5.0
F215-01-00 FLI601A Rexional Posd Difmensions 330" x 330" (inctudasm 30 bam) - - - - 5 4 25 1.0

# This regio- 1! deter®n pord con be ficarporated tbol e proposed inlie detaiuceai pond by others. [11ydrandic Analysis for Litte Tedar Bayou Watershad: SCFED Umi F216-00-00)

Kla1z Assirlétes Pooject No.: 0'27.005.000

January 2H19

preseired (L2 foF JRETIIMERY SIARE for WRRRmE AN enkhng fimpoes

City of La Porte

City Wide Drainage Sady



TABLE 4-2
IDENTIFIEDL IMFROYEMENTS FOR NON-FEMA CHANNELS

Number of, Number of _ Est. Existing | Est. Viisimum| Land Fst. Minimum | Est. Minimum ROW
Modification Bridge/ | Bridge/Culvert Bottom| Depth | Side | N-value ROW ROW with | Acgnisilion) Excavation| ROW of Channel with 20" Berms
!
Channel|  Section Type Description Culvert | to'he Replaced | Length | Width | (Typical) Stope™? of Channel | 20' Berms _ Arvea | Volume | 3:1sideslopes’® 3:1 side slopes’
i @ ) i @ | i it ) e e i
B - . Clear Creek Watershed = : =
(4-120]]  Sechon || Channel | - - 7900 5 7] 12 #03s 23 63 26 18 4 b ]
A0 Sedion2 | Channel 1600 f 8 12 4035 2% &6 14 15 56 %
A104-12-09|  Section 3 _ Chaneel i 2000 6 8 1% 4033 2 81 13 a2 _ h2
AN 201 | vzt 4 4 100 - - - Q013 23 Lx] | L0 3
AM-12-08 Mi fpation Tad - : . 4 _ 0.0 - i .
ATl4-12-03 Diversion Poad | Direson Y 4 | EEN] = _ &
Af0d-12-01 | Rewinmal Poredl | Domtensions: 10407 < 104) {including 3 [ -] 5 4 | | 136.0 =
B .r Armund Buyou Walershed o _ B
BI0G-02- 1) Secrion | _ ; - 500 5 3 12 ] 603 3 Bl us 155
RIG-02-0h]  Ses : - - 17400 6 1 7033 37 77 99 Lio
131050241 i _ I 7 2 50 - [THE 29 79 . .
B0H-07- i T e lahing 30" bay - i 4 3 | :
RS-0 3 - H i 5 3 = - _ + : .
13E06-02-L0° - T R u i 1 5 g 4 X - : & 5 -
1B1UB05-CU p ] 3507 6 | j- R4 noss | 4 o 50 w
BIN605-00 7 A on T - . 1000 [E R 13 035 | au | we 49 8
BLO6-N3-00 { i 1 4 100 - | = CYRES I 0o . -
B106-03 E ! gt | [} 4+ - | 21 = =
B106-05-60, - . by - - 7 1 . _ B4
B106-05-00 & ngninns: $hsii Lin e - . _ [ 4 - 253 -
. _San Jucinto/Galveston Bay Watershed ) ==
T Sewion 1 _._ T ; : . [ #0tia 8 s | 17 | 57 [ s ] - -
I st 3 3 % H 125 - - YOS 17 57 v oo |
i tinal 5 3 “ i 4 | =
: mts RETEO AP 5 T 234 -
V- ’ P J : - - 5 - - [ - 98 - .
. : 1
Y - an _ 3 q f.0s 1 _ 51 49 | = -
e - o ) 3 3 ne.s 13 5. 2.2
f Sy 49 9 5 1 - - Yo15 12 I 5z 1] 1
itgtndirg 3 _ | 3 _ - e m -
-3 - = X - | 7 - - f 16 -
+ ' - - 7 [ - EX]
o” kil ] | c o 5 = _ = 5 [ 57
L Seeden f ] ] - 308 5 10 0035 68 106 _ 4.4
X 3 0 [ ! - - Fpos 6 06 0b
T t i . 0 ! - 2w
TR = , I 7 | - 234 "
¥ . - 1] = 97
r o5 | % 5 14 54 2.2
Lpavel It - 25060 1 4 7 ! | ._w B3 22 . g
1 “ 1000 v _ 53 LA} 0.9 |
[ 4 2501 - 040
i : _ T e | - f 5 = 0u |
T i ; ¥ 3 FII B - - 3 78 0.0
3 dl 3 - _ - - g 4 3 = < 1.7 | .
3 - | - - FJ 1 - - - s |
: : : | g 4 3 - F
L . & e s il
i d 5
! { f annels.

Wity 07T & Porte
ity W de Droinage Seady



TABLE 5-1

PROJECT UNIT COSTS
SR 5 Total Unit Total
Item Description Unit Quantity | Price ($) | Cost ($)
Land Costs
Land Acquisition (Undeveloped Tract) ACRE 1 40,000 40,000
Land Acsjuistion {Developed) ACRE 1 145,000 | 145,000
Channel Costs
Clearing and Grubbing LF 1 2.50 2.50
Exc.avatlon of Clay with 2.5 CY Back-Hoe and 4 20 CY Dump cy ! 570 5.70
Trailers
Seeding, General, Mechanical Seeding, 2151bs/Acre ACRE 1 1,000 1,000
Concrete-Lining SF l 2.50 2.50
Rip-ran CY 1 21 21
Detention Costs
Typical Cost including Excavation, Seeding, and Outfall | AC-FT 1 | 25000 | 25,000
Culvert Costs

Removal of 24 inch Culvert LF 1 $ 16| $ 16
Removal of 36 inch Culvert LF 1 $ 220 8 22
Removal of 60 inch Culvert LF 1 $ 3018 30
Removal of 10'x8’ Box Culvert LF 1 b 36| % 36
Installation of 24 inch Culvert* LF 1 5 160| $ 160
Instaliation of 36 inch Culvert* LF 1 5 240| $ 240
Installation of 60 inch Culvert* LF I b 410( $ 410
Installation of 10'x8' Box Culvert* LF | 3 845| § 845

* Installation includes Trench Safety, Pavement Demelition, Pavement Restoration,
Excavation, Selected Backfill, and the Culvert.

Klotz Associates Praject No. 0127.008.000
January 2009

City of La Porte

City Wide Drainage Study



COST SUMMARY OF FEMA CHANNEL IMPROVEMENT.

TABLE 5-2

Construction Future Cust per
Modification Excavation Casts with Land Suhtotal Developable Acre of
Channel Subbasin Type I¥escription Yolome 25% Contngencies Costs Costs Land | Development
A {5) {5) (5} i{acres) (5}
Clear Creek Watershed . -
A104-00-00 Alnda Chan 7 pizoidal, carthen chanizl {Girass) 3 - T /8,000 i -
All-00-00 Al04A Channel ! Trapezoidal. eacthen channel (Grass) 08 Z E 25.000 3 2
| ALO4-00-00 AlDAA Mitigation Pend | D¥mensions. 235'x 255 (neluding 30' berm} 6.0 m: Dud. 248,000 0 - =
I . R Improvement T'otal — 36 .0n0 B = )
A104-00-00 Al04A Regioaal Pond Dimensions: 200" x 1200 {including 30" berm) 183.0 13240001 7,043,000 236
A114-00-00 AlGSA Regional Pond Dimensions: 540° x 340 (ineludieg 30° berm) 30 - 42 1
AlBd-07-00 AL040A Regional Pond | Dirliensions: | 630" % 1630 luding 30" ber) 310.6 2 ﬁ::au. L]
_5_:.9;.:»:_ Total = | 26,752.000 80 30058
Armand Bayon Watershed
B106-00-00| BIG&E, B I06C Channel Trapezoidal (Concrete) 6.9 | £2,000 371,000 - N
G106-00-00] D106B. Bl0sC Channcl Trapezeidal (Concrete) 173 229,000 | 1.027.000 .
B106-00-00| BID6R, RT06C Channel Trapeevitd:| (Conerate) 162 1,085.000
B 106-00-00 B1G6C Mingation Pond Dimensions: 5400 x 540° (inciudiag 30" ocrir) A8.0 1,768,000
G 106-00-00 RBi06A C_:_M_m_cn Pond thuadmmudlw” LSO x 160" :|=S:E=m uo..wﬁ..:dl _ 207.0 _ .mc_ L} - .
o 11,752.000 3 I
BI6-00- 5_ RB106A, Rl'aR ™ version Pand _ Dicenaions: 1130 % Vi3 {iselnding 30" bern) _ 2235 _ _‘_.C.__E: 1.3 14,000 - -
mprovement Totul = | §,314,000 =
BLU6-00-00 Bl06A Regional Pond | Dimensions: 105G x 2050 (including 30 berm) | 2036 | 6344000 _M: T Tini2opo [ 7356000 315 -
Imnrovement Total = 7.350. o_ulc i T 5,800
BL12-00-00| BiI2A, BLIZB Channe} Trapezoidal {Concrele) 48 93000 314,000 - -
BI112-60-20| BIIZA,BII2B Channel Trapezoidal {Concreie) 39 55.000 201,000 & .
B112-00-00| B1124,B1120 Channe! "Tripezatds’ {Concrete) 248 235000 | 1.138,000
Bl "R12A,BTI2B Channel | Trapeznidal {Co 1orete) 248 315,000 | 1,486,000 -
13412:00-00| 131124, B112B | Mif'gation Pond | Limensions: 375 x 575 (ncluding 3¢ berm) 650 | SOEBO0 | 2,335,000 T
..... Improy .:m:» Total = | 5.494.000 . ]
B 112-00-00 5124 Divenion Pond | Dimensions: 1290 x 1290 (incluling 30 berm) | sis | L sante | 13600 - |
eo y ilhmm.\.e:_n .ﬁ..—”ﬁ_.m._ =)l _.Lug..cce = §
R 139-00-00 BlOGA Regional Pond Nimensions: 580" x 580" { neliding 30" berm) 39.0 ; wﬁ_.mrgo 1,5..7,000 58 -
B112-02-00 B11ZD2A Regional Pond Dimensions: 390" x 390" {iiclading 30" berm) 6.0 b T..Psao 440,000 2a
B112-00-00] BL _|u.ﬁ_ BYI2E | Regiomal Pand Dimensions: 470" x 470" (incloding 30 berm) 41.0 | I ; & q 1 ..M‘u.m_mrgs | 485.000 o7 | =
. S o _ﬁ_l__«cem:_m:f_ 'otal = 1.652,000 148 | 24 700
) ) o cinto/Galvesion Bay Waltershed ——
6-00-00 F216A Regiona! ond | Dimensions: 680 x 630° (ncludling 30' berm) 5.0 . ] 2025000 384 X
F216-00-00* F216B Ragional Pond Dimensions: 770" x 770" (ficluding 30 berm) 7290 ©SELO00 2.794,000 176
21 6-03-00 2z ac Regional Poad Dimensicns: 300" x 300’ {includisg 30° berm) | g i mw.?c_..\_. 3650060 16 =
Improvement Totul = | 3,184,000 576 ©.000

= This repional &t

[ T

herd B mrd

ninary stsivg, o

hon pond can be ircorpnrated tnto- the proposed | nline detention pond by athers

Kotz Assicintes Project No. G127.008.000

Jaraary 2009

npand vusing pumposes
Bosed on undeveloped fand carrs (341 (0 per acrel
Busewd i develoged land costs (8143000 per are;

de Cedar Bavon Watcrshed: HIFCD Unit 2 H00-Mi}

City ol La Porle
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COST SUMMARY OF NON-FEMA CHANNEL IMPROVEMENT:

TABLE 5-3

Klotz Associates
Jawnry 2099

oject No. 1

127.008.G00

Land Construction Tatal Cost-per Future Cost per
Modification Acquistion| Excavation Closts with Land Subtotal Losses Loss Developable Acre of
Charnel Section Type Description Area Volume | 25% Contingencics Costs Costs Removed |  Removed Land Development
{ach {nc-ty {3) {5 431 1) 5k {zores) ($F
Clear Creek Watershed
Section | Channe] Trapezoidal, carthen chaanc (Grass) 26 1.8 31,000 133.000 J - 2
Section 2 Channei Trapczoidal, carthen chanac (Cirass) 1.4 15 23,000 A q 3 =
Sewlion 3 Channel Trapesowal, carthen chunne’ (Grasg) L 1.8 1.4 1 24,000 93.000 4 *
- Culvert Culvert Replacensent (355" RCB) 6.0 0.0 | 45,000 43.000 a - =
= Mitigation Pond | Dimensions: 253 x 255" {incloding 30" berm) _L1T5 L .0 188,300 248,000 4] 5 &
. o 600000 & 73,000 - -
.._. Diversion Pond | Ditmensions: 790 x 750" (iactading 30 he ) | 143 | 8.0 | 3.053.000 _. 3,636,000 R = s
’ 4,624.000 8 578900 ) -
= al Pord | Dimensions: 1048 x 10407 (including 3¢ hermy | 248 | 1360 | 4,250,000 | : i 5.243.000 00 =
lmptrovement Tolul = 5,243,004 = 100 52,000
Armand Bayon Watershed
Bie-02-00 Secloa 1 Caame Trapezoidal, earthza channel (Grass} | Q.3 _ 09 20,380 TT.000 167000 32 - - E:
B106-02-00 Section 2 Channel T apczoida!, carthen chaanel (Grass} 1.5 2.3 223000 217000 | 443000 2 = -
R106-02-00 Culvert Culverl Replacement (5 x5' KCB) | 0.0 0.0 23.000 i 2300 0 =
131606 2-0 - | Mitigation Pond | [Mmensions: ! 30" x 150 {inclnding 30" herm) 053 40 125.000 £ 2% DikY 146.000 4] B =
_5_”136:._%_ Total = 781,000 34 23.000
B106-02-00] - | Diversion Pund | Dimensions: 700" » 700" (including 30 berm) | 112 | 750 | 2,344,000 |- 450,000 2,794,800 34 - - -
Tmjrrovemen| Togal = 2,794,000 | 34 32000 - -
B106-02-00! - | Regional Pond | Dimensions: 310" x 310 (including 30' berm} _ 2.2 _ 164 | 575 000 |- C O ORRONG 612,600 - 13
J— Imjrraverent Total = 613.000 = 13 48 000
R106-05-00] Section Cha el Trupeoidal, eanben chanoel {Grasy) ER| 54 L 973020 26 - -
B106-05-00 Secticn 2 Channel Trapezoidal. carthen channel (Grass) 0.9 2.0 287,000 10 = d
RBINA-05-00 - Iver, Culvert Replacen ent (5 x5' RCR) o 090 ) 45.606 Q . =
i 06-05-00) Aitigation Pond mensions: 3000 x 360 (including 36 berm) 2} 1040 313.000 L, e Mw ucn._wﬂ 195 008 ] -
i _E_: _u..nn._;_ Tatal = 1,701,000 36 A7 000 -
B106-05-14), | Diversiws Pond | Dimensions: yas: 590" % 390 (including 30 berm) | 8.0 | 520 [ Lezs.00n [f F T RnGE] 1,945,000 36 » : _ =
LOGEDOG] 36 54,000 3
L7 06-05-0¢ - | Hegional Pond | Dimeasions: 1030 x 1050 (including 30" cerm)| 255 | 1606 | 5,010,000 |F 6,031,000 - 5 19 -
Improvement Total 6,031.000 = - 179 51,000
San Jacinto/Galveston Bay Watershed o
F1G1-00-00 Section | Trapezoidal (Cencrete) 315 B 271.000 511,000 TRZ,G00 19 = & =
F101-06-00 - Culver: Redlace RCBI 0.0 ) 57.000 - 57,000 B
F10]-00-00 iligation Pond | Dimensions: 200" 200° (including 3¢ bermj e RR)] 156.000 | o5 ¢ 192,600 G =
s e - ::—.. ravem 1,052,000 9 54.000
[T | Diversfon “and | Dimensions: (0% x 1030 (ocheding 30 bern | 234 | 1670 | 520000 [ Gistone| 19 - =
_5_:.96:._.”5 .._._unm_ = 6,156,000 14 324000 =
Fro3-00-o8] - | Regiunal Pond | Dimensions: 930°x 930 (including 3¢ berry | 199 | 1075 | 3,359,000 | T 000 4,153,000 - 79.5 -
Tnyrnvement Tntal = 4.153.000 - - 79.5 S0

ICity of La Poriy
City Wide Dirainage Study




TABLE 5-3

COST SUMMARY OF NON-FEMA CHANNEL IMPROVEMENTS
Land Constraction Total Cost per Future Cost per
Modification Acequistion| Excavation Costs with Land Subtotal Luosses Loss Developalle Acre of
Channel cefion Type Description Area Volume | 23% Contingencies Costy Costs Removed | Remuved Land Development
(ac) {uc-N) (8! (5 (5} 1) LE)] Larrel i)
T191-03-00 Sect'on | Changel Trapczoidal {Concrete) 4.8 35 254,000 703,000 Q59,000 6 -
191-03-00 Section 2 Chanel "Trapczoidal {Co serete) 22 4.4 161,000 320,000 480,000 6 = -
T'101-03-00 Culvert Culvert Replocement {3's3 RCB1 1Ly 10 556,000 - 536,000 I
»._c_‘cu_.cc— - Mil w”._:,:_w Pund | Dimepsions: 280° x 280" {includmyg 30" benn) 1.8 100 7 315,000 72000 385,000 0
Improvement Total=|  2.378.000 2 | 19%,1 -
FLOL-03-60 Diversion Pond | T¥mensions: 4507 430" (neludng 26 berni) 1.4 29.0 7 96,000 1,092,000 - - -
F101-N5-00 Diversion Posd | Dimensions: 4107 410 {inclnd 'ng 30 herm) 3.9 230 | 719000 LRV = =
. g lmprovement Toial = 1.092,000 3 50,000 - -
F1Di-03-00] | Regional Fend | Dimensions: 445 » 340 {ocluding 30 beem) | 44 | 213 | 666,000 [ | T4 FA7RAbn 844,000 = 5
Tmprovement Tognl — 844.000 - 64,000
101 08-10] | RegionalPond | Dimensions: SO0 x 500 ¢neludmg 30 benmy | 57 [ 283 | sg4.000 [T T TEAGRG 1,114,000 S e
rovement Total = | 1,114000] i 63000
F242-00-00) Scetlon ! Chanie Frapezoidal, carthen chaanel (Griass) 4.4 _ 7.0 ﬁ 220.000 632,000 R5Q.000 2 " - 3
1724 2081001 {uiverl Culyerl Replacement (S'55' RCIY) 0.0 | 0.0 __ 125,000 S 125,001 0] - -
131 2-00-00 Mitiganion Pond | Dimensions: 340 x 340' {includng 30° berm) 2.7 i '9.] | 597000 e 106 D0% 703,000 { - -
Improvement Totel = 1,687,000 2 344 ()} —_ =
3 o-n| | bivers on Pond | Dimensions® 1010 x 10/ 0" ¢inetudlye 30bearm)| 234 [ 1edo [ 5219000 0 s G 656000 2 - .
Dol e Tmprevement Total = 6,156,000 2 3,078,000 2
F212-00-00] - | Reg onai Pord [ Dimensions: 650" 5 650" melvd ng 30 bort) | 97 [ ®3 ] 2603000 T TiadEae 2,991,000 | - a3
l=avenent Total = 2,991,000 - - 63 46,000
r246-04-00 Section Channel "raperai la (Concrete) 2.2 23 L 139 000 ERMEIH 459,001 4 - -
_Eo.S..cc mn,n:c: 2 ‘Channel _|1_.u(_,:nm_ earthen channel (Grass: I 22 15 51,000 322,000 371,000 4 -
F216-04-00]  Section 3 Channe! Trapczoidal. carthc chamnel (Grass) 09 38 48,000 | 2% 008 176 006 | =
F216-03-00 Septin 27 Pipa Pipe Replacement (84" RCP) a0 2,188,000 2,188,000 il = =
F2a-01-00  Sestion 3 Pipe e Replicenent (108" RO 0o 875,000 gr5008 )
F236-01-00 Cuilvert Culvert Replacerent (5'x5' RUB) ¢.0 34,000 - 34,000 u
F216-01-00 - Mitization Pond | Dimensions: 270" x 270 (includimg 30 herm) 1.7 3470000 5 SLATHAR 414,000 1] = -
Imnirgvement Tatid = | ScoNote 1 &2 —a SeeNole 1 & 2 3 .
F216-01-00] [ Diversion Pond | Dimensions: 170" s 11 700" (ncluding 30°bermy 314 | 7290 | 7.156,000 [ ¢ 125780 8,413.000 9 -
— - ’ g Impirovement Totul = 8.413.000 9 915,000 - -
F21693-00] | Regional Posd | Dimeasions 437~ 430 (ncluding 3 berm) | 42 | 236 | 7e0000 [T AL 939,000 = T 3
Improvement Total = 939,000 = - '3 A2

< eonsistal an cantlen chinngl the regiires poarchastng ROW " ota Lost $1 43400 sk Per | ass Removed $151

olal Cosl $3,270,000 Coal Perfoss teowved 441,110

sate | Fls impravenzns onson fir 216G

Note 2 This niprevemonss opkos Fun F216-01-00 vony 5ol un ew sTumm sewer,
Hased S andeve boped Bind st PSAUNM pov 3crey

Fienert on develpesd band coste (8145 DD e

TR ey

)

dervel spable fend wi lun the subbas i and a rex e fail size of @ 25 ucre

ICity of La Porte
City Wide Drainage Study

Klots Assostules Praject Mo, (027 DNK.000
January 2009



TABLE 5-4

COST SEMMARY OF RELIEF SWALES

Possibilily of i 3 Number of 9 {onstroetion . g .
Channel Subdivision Name Sheet m._w:... st T Description Proposed Hsnn_. —wz.nneu:cu Costs with 25% Land Cosis Total Cost 15 _.:..mmmm TR L
Acquisition Volume . . Removed Removed
Path Swales Contingencies
facres) (ae:M %) (5) %) )
Clear Creek Waiershed
A104-03-00, A104-12.01 ady Yiver e - - . . - - 9 i .
AT04-07-00 Spencer Lindings No - - - - - - - - 0 -
AL04-10-00 Bay Colony No - - ; -] . - . 7 -
A104-10-00 Baysid: Terrace Mo - - - - o : - % -
- = e Armand Bavou Watershed = =
B106-G0-00 Creckmont Section Yes Relief Swale Trapezvidal (Concrete} 1 0.23 13,000 37000 34.000 bl _ 610
‘R106-00-00 {ilen Meadows Yeas Reliel Swale Trapezsidal (Concrete) ~ a2 0.35 13,000 17.090 30,000 54D
13 106-60-0D Fairmont Park West Yes Relief Swale Trapezoidal (Concreie) 5 024 ﬂ 0.36 | 22,000 35,090 57.000 370
Ri06-G0-00 Faitmant Park Yos Eelief Swale Trapezoidal (Cencrere) 2 0.08: — 02 _ 7.000 12000 19.000 34 S0
R106-00-00 Cregkmont Sectisn 2 Yes Relief Swale Itapezoidal (Conerete) i See Creekivont Park Repori 9
B14a-00-00 Meadowerest Mo - - _ - _ - - - i1}
B106-00-00, B106-32-00 Fairmant Park Tat Yos Relief Swale Trapezoidal (Concrete) 5 .28 0.4 25,000 40,000 65.600 76 860
B106-05-00 Meadow Patk Yes [ Relief Swale frapezoidal (¢ oncreie) 1 0.058 7 G 5,000 i £,000 3,000 24 540
1B146-03-00 a 1Del Ran Ye Reliel Swale apesoidi’ (Conerele} 1 014 ada 9,000 _ 150830 24,0500 G 2.670
B109-00-00 Spencer 1lighway Lstates Yes Relief Swale Trapezoidal [Conerere) i 13 0.1y 1,000 19,6800 39,600 22 1,360
B 2-00-09, 8172-02-00 ﬁ Bokelern Ve &n.:n_.,r,;h»_m . Trapesoidal Conerele) 9 | 04 24 _ 36000 59.600 | 95.000 270 330 |
. . o ___ San Jacinto/Galveston Bayou Watershei il e
F101-00-09 Batueground Estate Yes Relief Swale Trapezoida, (Cancrete} i 0as 022 13,000 22,000 35,000 _ 2 17,500
FIQ1-00-00. F101-03-80 Piregrave Yalley Yes Reliel Swale “rupessidal [Cancrele) 1 0.03 104 2000 3.000 6.000 4z 140
F 10/ -05-04, F i11-06-00 Lomax Garden LU 3 = 18 =
F212-00-00 Bay Shore Park o * [ !
212-00-00 Rav Front Ta La Parte Na . - - - - - - 7 2
F212-0n-11) { San Tacirlo Henes N 1 -
[F216-00-00, F2 0-D1-00 _ La Punte No : - 7 - - d : _. 14
113 16-00-00 | Old La Porte Yos [ Relief Swale Trapezoidat {Canerele] a 144 216 128 o 20800 126,000 16 21,400
F2 _d.cc..cc Battle Grounds Vista No | | g 1
Cialveston Bay Ping Bloft No _ . . : . - . — 7
Ciaivestan Hay Beach Park o [ f - 4 I
ialveston Bat Woods On 1 he Bay No . - - | =~ - 0

W shoet flo parhis possbie

Klate Assoriates Project No.2 00 Z7.008 000

January 2409

City of La Porte
City Wide Drainage Study



TABLE 5-5
COST ESTIMATES BREAKDOWN

Channel Selution Channel/Detention Costs Chanuel Mitigation Costs Total
Channel Type Type Construction Land Construction Land Costs
(5} (3) 3] (3} (%)

A104-00-00 |[FEMA Conveyance 56,000 37,000 188,000 60,000 361,000
IB106-00-00 |FEMA Conveyance 8,399,000 1,585,000 1,500,000 268,000 11,752,000
B112-00-00 |FEMA Conveyance 2,461,000 698,000 | 2,031,000 304,000 5,494,000
A104-12-01 Ynon-FEMA |Conveyance 123,000 229.000 | 188.000 60,000 600,000
B106-02-00 |non-FEMA |Convevance 341,000 294000 125.000 21,000 781,000
B106-05-000 |non-FEMA  |Conveyance 729,000 576.000 313,000 83.000 1,701,000
F101-00-00 |non-FEMA |Conveyance 328,000 511,000 156 000 37.000 1,032,000
F101-05-00 |non-FEMA |Conveyance 254,000 703,000 - - 957.000
F101-03-00 |non-FEMA  [Conveyance 716,000 320,000 313,000 72,000 1,421,000
[212-00-00 non-FEMA  |Conveyance 345.000 639,000 597,000 106,000 1,687,000
F206-01-00  {non-FEMA  |[Conveyance 3.335.000 768.000 347,000 67,000 4.517.000
Total Conveyance Cost = 30,303,000
B106-00-00 {FEMA Diversion 7,142,000 1,172.000 - - 8,314,000
B112-00-00 |[FEMA Diversion 9,796,000 1,528,000 | - - 11,324,000
A104-12-01 inen-FEMA | Diversion 3,063,000 573,000 3,636.000
B106-02-00 jnon-FEMA [Diversion 2,344,000 450,000 - 2.794,000
B106-05-000 jnon-FEMA  |Diversion 1,623,000 320,000 - - 1,945,000
F101-00-00 inon-FEMA  |Thversion 5,219,000 937,000 - - 6,156,000
F101-03-00 :non-FEMA  |[Diversion 506,000 186,000 - = 1.092,000
F101-05-00 ‘non-FEMA [Dhiversion 719,000 154,000 = - _873.000
F212-00-00  non-FEMA  |[iversion 5,219.000 937,000 - - 6,156,000
lFl()ﬁ-O 1-00 inon-FEMA |Diversion 5,219,000 1,257,000 - - 6,476,000
I Total Diversion Cost = 48,766,000
13 106-000 IFEMA Sheet Flow 55,000 85,000 - - £40.000
3106-02-00 Jnon-FEMA  |Sheet Flow 25,000 40,000 - : 65,000
B 106-05-000 [ron-FEMA  [Sheet Flow 14,000 23,000 s - 37,000
B109-00-00 (FLEMA Sheet Flow 11,000 19,000 - =l _. 30.000
B112-00-00 {FEMA Sheet Flow 36,000 39,000 - - 95,000
IF101-00-00 faon-FEMA  |Sheet Flow 13,000 26,000 =) - 39,000
F216-00-00 [FEMA Sheet Flow 128,000 208,000 - - 336,000
Total Sheet Flow Relief Cost = 742,000
A104-00-00  [FEMA Regional Detention 6,782,000 1,592,000 - - 8.374.000
A104-07-00 {FEMA Regional Detention 15,938,000 2,440,000 = - 18.378,000
B106-00-00 [FEMA Regional Detention 6,344,000 1,012,000 - - 7,356,000
B109-00-00 JFEMA Regicnal Detention 1,215,000 308,000 - 3 1,527,060
B112-00-00 {FEMA Regional Detention 1,281,000 204,000 - . 1,485,000
B112-02-00 IFEMA Regional Detention 500,000 140,000 - - 640,000
F216-00-00 FEMA Regtonal Detention 4,156,000 1.028,000 =| 5,184,000
AT104-12-01 {non-FEMA |Regional Detention 4,250,000 993,000 - - 5,243,000
B106-02-00 juon-FEMA |[Regional Détention 523.000 88,000 - S 613,000
B106-05-00 inon-FEMA |Regional Detention 5,019,000 1,012,000 - - 6.031.000
F101-G0- 00 jnon-FEMA ﬁgi(}nal Detention 3,359,000 | 79,400 - - 3.438.400
Ft0l-03-00  jnon-FEMA |Regional Detention 666,000 178.000 - - 844,000
non-FEMA |Reglonal Detention 884,000 230,000 - - 1,114,600
non-FEMA  [Regional Detenteen 2,603,000 388,000 - - 2,991,000
(¢ inon-FEMA |Retional Detention 769 000 170.000 - - 939,000
- Total Regional Detention Cost = 64,157,400

Klotz Assoctates Project No.. 0127 £08.060 City ot La Porte

January 2009 City Wide Drainage Study



TABLE 5-6
COST ESTIMATES PERCENTAGES

Channel Solution Channel/Detention Costs Channel Mitigation Costs Total
Channel Type Type Construction Land Constriction Land Costs
(%} (%) (%) (%) {*%)
A104-00-00 |[FEMA Conveyance 16 16 52 17 100
B106-00-00 |[FEMA \Conveyance 71 13 13 2 100
[112-00-00 |FEMA Conveyance 45 13 37 6 100
A104-12-01 |non-FEMA  Conveyance 21 38 3 10 100
3106-02-00 |non-FEMA .Convevance 44 38 16 3 100
B106-05-000 [non-FEMA  jConveyance 43 34 18 3 100
F101-00-00  |non-FEMA [Conveyance 32 30 13 4 100
FIOI-05-00  |aon-FEMA  |Convevance 27 73 100
F101-03-00  |non-FEMA |Conveyance 30 23 22 ) 100
F212-00-00 |non-FEMA |Convevance 20 g 35 6 100
F206-01-00  |non-FEMA  [Convevance 74 17 8 1 100
Conveyance Averages = 40 32 23 5 100
B106-00-00 [FEMA Diversion 86 14 100
B112-00-00 [FEMA Diversion 87 13 100
A104-12-01  [non-FEMA  |Diversion 34 16 100
BL06-02-00 [non-FEMA |Diversion 34 16 160
B106-05-000 [non-FEMA |Diversion 84 16 100)
F101-00-00  |non-FEMA  |Diversion 85 15 100
F101-03-00 |non-FFEMA |Diversion 83 17 100
IF101-05-00 |non-FEMA  [Diversion 82 18 100
[F212-00-00 |non-FEMA |Diversion 83 15 100
F206-01-00 |non-FEMA  |Diversion 81 19 100
Diversion Averages = 84 16 [ [ 1060
13 106-000 FEMA [Sheet Flow 39 61 100
B106-02-00 |non-IEMA  |Sheet Flow 38 62 = 100
B106-05-000 [non-FEMA  |Shect Flow 38 62 -l 100
B109-00-00 |[FEMA Sheet Flow 37 63 | 100
B112-00-00 |FEMA Sheet Flow 38 62 100
F101-00-00 |non-FEMA  |Sheet Flow 3 67 —— alll 100
F216-00-00  |[FEMA Sheet Flow 38 62 100
Sheet Flow Averages = 37 63 & [ 109
A104-00-00 |FEMA Regional Detention 81 19 “ 100
A104-07-00 |[FEMA Regional Detention 87 13 - | 100
B106-00-00 |FEMA Regional Detention 86 14 -] 100
Bi09-00-00 |[FEMA Regional Detention 80 20 - 100
BL12-00-00 |[FEMA Regional Detention 86 14 - o
B112-02-00 |[FEMA Regionat Detention 78 22 [ 100
F216-00-00 |FEMA Regional Detention 80 20 100
Al04=12-01 [non-FEMA |Regional Detention 81 19 - 100
B106-02-00 |non-FEMA |Regional Detention 86 14 100
B106-05-0¢ |non-FEMA  |Regional Detention 83 17 160
F101-00-00 |[non-FEMA  |Regional Detention B8 2 100
F101-03-00 {non-FEMA |Regional Detention 79 21 = 100
F106-06-00 non-FEMA |Regronal Detention 79 21 100
F212-00-00 non-FEMA  |Regional Deteniion 87 13 100
F216-01-00 jnon-FEMA |Rezional Detention 82 18 - 100
Regional Detention Averages = 84 16 /] # 16

Klotz Associates Project No.: 0127.008 006

January 2009

City of La Porte
City Wide Drainage Study’
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TABLE 5-8
1IST OF PROPOSED IMPROVEMENTS (LOSS-SORTED}

Kotz Assacites Prect Nec {0 27-008-000

January 2309

Faturc
Modification Total Losses | Cost Per Loss | Developahle | Cost Per Acre For Rapid
Channel Model Type | Locaticn Benefiting Type Description Total Costs Removed Remaved Land of Development| Inplementation
2l ih) (L] Janes) 1%}
Trapeziy daf {Concrete) Clanns!
with Boitom Width, | 1 & Typua!
IDepth: 3 i Incrense Cutfsll
L3 112-00-00, _u_.:u.cw.c..mm_.&n_?rmc: Brockglen Relief Swale 95.000 270 %50 Yes
‘rapeznidal {Concrete) Channel
13112-04-00 Hrovkolen Craveyanos Ligaiy 1 Pond 575 n 303% 5494000 187
1290 1290
B 2-00-00 Broakglen Diversion Pand 11 neluding 30" beimy) 11,324,008 197 3
| craperpidal {Cenereled Chanmel
wilh Botorm Width: ? 1 & Typicat
|Depth: 3 iz Increase Cutfal] Pipe
12 106-111-00 Tairmont Park West ief Swale 57000 154 g Yes
Meadowerest, Creekmont.
£ len Meadow, Tairmont Park INimensions: 20 x 70 {includ ng
B 106&-051-00F Fairminm Park West iarr Pand A0 herm) &34, 93 - -
Meadowcrest, Creekniol
ilen Moadaw, Fairnon! Park! Trapezoiat (Concree) Chammd,
B 106-00-00 FEMA laitmont Park West Conveyange | Mitigation Pond 7540 x 5107} 11,752.000 35
Frapezoidal (Conerele) Chann.|
_ ‘wilh Botorn Width, 1 i1 & Typiadl
Depth: 3 11 Invrease Oulfall Pipe
R Ua-10-00, B Ga-02-(0 Tairmwnl  ark « ast Reliet Swale | BN [KF Pl Bel | & Yes
1" rapereidal {Cancrete) Chasr 2. |
with Bohott Widty: 1l & Typiea
| |Nepthe 3 fi; Tnorease Ctfall Pipe |
B 06-00-00 Glen Meadow Relief Swale | 30.000 36 549 | Yos
Trapezo’ ! {Loncrsic) Channe! |
Peitl Bottorm Wadta 100k Typ o' |
cpih: 3 1 Inerease Cutiall Pipe \
Creehunout Seclivn § | 34,000 36 610 - Yes
...ﬂEﬁ.F.Nc_.._& {Concrele) Chamel |
_ |with 13orom Widith. 11l & 1ypica’
101-00-00, #E‘_.:.._a_ncwu? |Pinigrove ¥ Relief Swale gk 3 &.000 12 140 | - - Yes
Trapezordul. carthen channe'
Meadow Park, Villa Del | {Cirass), Nitigaios Pand (304"
131 0G-115-07 [Ranciu _w.ﬁnz‘.mv nnoe 300y 1,701.007 36 47,000 |
Fleadow Park Vilia Nel imensions: S90'x S0 {inchid'ng
B 1 046-05-0% | Rancha [P yiversion Pond 30 herm) [ R 6 54.000 |
| 1" npezeidal {Concrete) Channe’
Hwith Bottom Widih | 2 & Typre
_ | et 3 fi; Tnarease Cutfall Pipe
[EATLRY OR TR Subdivigion "Faumont Park LHelief Swale | 34 000 13 Al Yes
T f | Trapezoidal, carthen ciannel
Farrmont Park. Farmen Park gat'on Pand (240
13104-02-(2) Ion-lEMA Fasl [Lonveyune P 8100 34 23,000 |
_ “Faurmont Park, Faurno wn Pk imensions: 700 x 700" Gneluding
Blia-42-00 > Divarsiag Pond 34 berm) ZAWLLOG 3 82,000 \
_ F apezondal (Conerse) Chamme, |
weilly Dot Widil 11L& 1 ypica
Increase Chlfall Pipe
B10G-05-00 Suhdiviww- "Meadow Dark Refiol Swale 1300 24 310 Yes

City of1.a Porte
vy Wide Mrainage Sludy




Januan 2009

TABLE 5-8
LIST OF PROPOSED IMPROVEMENTS (LOSS-SORTED)

lotz Assacioles Project No.: 0127-008-045

Future
odification Total Losses | Cost Per Loss | Developable | Cost Per Acre For Rapid
‘Channel Model Type | Location Benefiting Type Description Taotal Cosis Removed Removed Land of Development] Implementalion
) FeH) (5 {ocres. (£3)
Trapezexlal {("ncrete} ("hannel
with Buotlom Widih, | ft & Typical
Depth: 3 iz increase Oursll Pipe
B112-00-00, DI12-02-08 Subsliy isiom Brookglun S3,000 200 350 - Fos
Trapezoidal i Coorete} Channel
B[ 2-{)-0n} FiMA Rrookgler Coweyanes Mitigatio Prnd {375 £ 3731 3454000 187 23,400
Dimensions: 1260'x 1250'
2-{H3-00) FEMA rnckglen Diversion Pord (inchiding 30 herm) §1.324000 187 03500 =
Trapezetlal (Ceaetete) Channel
ith Botrom Widtd 3 & TvpGal
L 30z neicass Outll] P
H106-0-00) taumant Park West Refiei Swaw 15 am - s Yes
Mueadowerest, UreckmonL
Glen Meadow. Fanpooa Purk. Dirncosions: 708" & 700 (wcluding
B106-Ui-00 1uirmont Park ¥vest Dieversion Fond 3Y berm B314H00H) Eh] ¥7.50. - =
Neudowerest, CreekmonL
Clen Muadiw, Tairnont Park.! il rupes snl,
106 FEMA mant Par: West Convy i 751000 35 123,707 ! &
T on fe i
B106-00-TH, B106-02-0 Subdivisim 63,900 76 _ 300 Yes
| |
evtiiisonom | ;
o
Lios=( (-3 Cilen Meadow “ Aann 56 54 - - Yes
f i :
] I
!
BI0=€000 el Bection 1 z A4, 00 Sh A | Vs
l 2]
Il £ i
F1O1-00-t4), F10 -03-00, Sabdivision Piggmove Valley : L] 42 140 Yex
I ll
Meadaw Park. 4 Dei cl
B16-05-11) Non-FLMA larcho i 1,701,000 ki 47 D00 -
Moadow Park, ¥illa Dot mAATSTONEY glellir
B 106-05-00 Non-FEMA Ranchp L E 1.945.000 Rl RERVHH
fl Vi 1
BLOA-00-1H) Suhdiy sian Fatrmonl Purk Relef Swale 10,000 M 363 - Yis
“ormnnt Park, Da=mon® Pk [ £
B Da-02-010 Non-FEMA Gty 7R10GO 34 23.000
T Ptk Cdemhome 2o T HATG { il
Iy 05250 H 5 2,794,000 1y iy ) -
L o T N
i i
T .06 D5-08 | Subdivision Moadow Park Rebief Swnle JERIIG] 29 340 Yux

v ool Tu More
Tily Wide Druinuge Siuds




Kl Assutiates Project N
Jdannary 2009

TABLE 3-8
LISI'OF PROPOSED IMPROVEMENTS (LOSS-SORTED)

Future
Moudification Total Losses | Cost Per Luss | Developable | Cost Per Acre For Rapid
Channel Maodel Type | Loeatlon Beiefiting Fype IDescription Total Costs Removed Hemoved Land of Development} Tmplementation
{5 (4} W51 fare=] a3
Irapszoidal {Conarete) Channg!
wil st ow Widh: |G & Typ!
_ Icptis, 3 A, Ingreese Owifall Pips
B 109-00-DC 1 8o adivis'on | Spencer Highway Relief Swale 3000} pii] 360 = Yis
Lomax Garden, Risidents 2 Poad: Dimensions: (113" » 11075
e LOL-U3-110. T.E.:.m.cc_../»: FLMA 4 TR vC?oﬂ.r:.: Pund 34 berm) FOFZ 1Ky 22 ﬂ SOLa00 | -
) |
| omax Carden Resice == 1Conerete) Chasatel. |
FLOT-02-00 o -TTMA g L. 51 Conveynoe Sgntinn Pomd (34 x 3407 237R0A0 2} 108000 - -
i Ramteground Estares, _
Pinegrme, Residents alonp P “j.:ra,qo. ! {Cancrete) Tha=nel, |
F101-00-110 Non-F-va St Conveyance _.?_ tigation Pand {230 x 2507 03z 000 54,000 | -
Baulleground Estates, _
Pinegrove, Residents s'onpg P {Dimcnsions | ' x HOL0
I Bon-FlMA 8t Diversion Pond inclugd g 30" borm) b, 136,000 i 224,000 |
Frapezosdal (C0nerete) Cliwoel
Fwili Hutiom Widn: 171 & ypical
1 216-(0-00 Lalone Relicl Syvale [Pepth:3 a 336.000 ta 21,000 Yes
Trapezoud: | {Cancrete) Charnel
with Battam W dre |t & Typicsl |
Depth. 3 &; Increqse Outlall Pice
R I0G-D35-00 Del Ranchn wplke 24,000 9 La | Yos
Beach Park, La Parie High Dimensions: 11700 [ 1700
F2.6-31-00 MNon-FEMA Sehool Diversion Pond includ g 307 berm) RA13 000 9 935,000 - -
Trapezoidal, cart 1en channel
1Grass) & I rapezaidial concrere
Brach Fark. La "orie Hiph Cliannel. Mitiga - Fond (2700«
F216-91-00 Non+HEMA School Conyeyance 2700 SeeMNoic 1&2 ? See bote 1&: 2 |
apesoidal earten channel
Wands On 1 he & {Errass), Mitigalion Pend (235" ¢
Al04-12-01 MNon-4'LMA B ull;, Siady River Cuovey uive 2559 (G00LCHT 8 75.000 c
Waonds On Jhe 5y, 1mensinns: [ ars LE'E] ading
AlD4-12-01 BT Shady River Diversion Pond 30" serm) 2,794 Dy & 378000 =1 .
| Trapeyaidat, caiien channel
{(Crassy. Mitigat:on Pond (235" % _
ACDS-0-00 FEMA Shady River Cimveyance 2559 361,00 [ _ o
Frapezoidat {Coneiete) Channe!
with Bafram Widdi- | 0 & Typ 7
01-00-00 Halllspround Estate Helisf Swale Lrepth: 3 11 35,000 2 17,500 ¥
Trapeeoi ]
[Bay Front to La Parte, San {Grass), Mitlp
F2I2-00-00 Non-FEMA Iaciata Homes Corveyance Y 1687 0l 2 $44.000
w La Purig. San nensions: 1030°x 1078
FZ2[2-00-00 MNon-FEMA Jaciilo Homes L) sgrsion 'ond 4inclydine 35 berm) B, 156000 2 ERLy AT =
hote . Tws impravements ophon for 12 3100 consist ol an sarthe chansel f.at requires parchasmg ROW, Toial Cost 51, 351,UI0 Zest Per Loss Remevea §151,355

Keie 2 This mprosements ophioa for 12 84 1-L4 constst of an new storm sewer. | otal Cost §4

27-008-000

1M Cast Per Lass Removed $45

m




TABLE 5-9

LIST OF PROPOSED TMPROVEMENTS FOR FUTURE CONDITIONS (COST-SORTED)

Future
Modification ‘Total Losses | Cost Per Loss | Developuble | Cost Per Acre For Rapid
Chananel Model Type | Location Benefiting Type Description Total Costs 1emoved Removed Land of Development| Tmplementation
[£4) 1#) 5 \ACTEs] (+3]
Fainmont Park, Fairmonl Dimeasions: 310" x 310 (inc’uding _
15106-07 )0 Non-FEMA Park Fast Reg onal De colion 30° berm) 613,000 13 | 48,000
{.omax Garden, Residents Dimeasions: 4400 x 440 {iecioding, |
F101-03-00 Non-FEMA along L St. Reg enal Detenticn 307 berm) 844000 - 13 64 000
Beach Park, La Porte High Dimensions: 330' % 330 tmeiuding
F2§5-01-00 School Regional Detantion 307 berm) B39 0G0 52.000 -
Cinegrove Valleyu,
Residents aleng 1, Stard P Dimens ons' 300' x 500 {including
UM 060 Nan-TCMA S Reg onal Detention 30" berm} 1.114.000 - 18 R3L00
Hay Frant 1o L.a l'orte, Yan i dimeas ons: 630 x 650" (inclu
F212-00-00 Non-FIMA Jacinto Hoimes Rep'onal Detention 30 bhorm?} 2,591,000 S 63 46.000
Iiroakglen, Spencer L 2imens? 'y
B112-00-00 FEMA Tlighway Estates IReg ona Detention [580'x 380') (inctuding, 3 hermy) B 24.700 =
Battleground Estates, i
Pinegrove, Residents along 2 Ponds: Dimensions {¥34' x Y30
FI101-009-00 Mon-FEMA P S _ﬁn‘ﬁcﬁ_“ Cmﬁs:,c.. 930" x 930') {ncloding 30 erm) A4 183 000 80 52,00 -
3 Tonds Dim21s'oes {680 x 6§0';
770 % 7707 300 % 3007 (including
F216-00-00 rrma rCS L Porte, La Porte Regona: Detention 30 berm) 5,184,000 576 9,000
Wands On I'he Bay, P'ne 1Ximensions: 194G 10440 (inclading
A04-42-01 ™ on-FEMA 3'uff, Shady River Reg'onal Detentio 30 berm) 5,243 000 | . = oo RS ]
Meadow Park, Villa Del ST T T T [Dimensions: 1030° ¢ 1050 (including
13 1D6-63-00 non-FEMA <anchy Regicng! Derension | 300 Serm) 10.03 1,030 - e 51000 -
Meadewcerest. Creckmont.
Glen Meadow, Fainmont Dimensions: 1950" x 1050 (including
BI0s-0-00 FEMA Tark, Fairmont Park West  11e nonal Delention 30 verm) 7.356,000 2 1260 5,800 .
3 Pends: Dimcnsions {1200 x 1200";
540" x 540" 1630 x 16307 {inclialing
A 1046000 FIMA a Parte, Shady Regiona Detention |30 berm) 26,752,000 R90 30,058 -

Wale 2: Thes smpe

wenks ol

< 17 This imaruvemenls oplan S F2LG-014001 cons
r S216-01-00 cunsist wf's

Klowr Associates Project No. [ 27-008-0040

January 2009

ul a7 earthen channed il req res purchasing %OW Totlnl Cost §1,454.000.Cnst Per 1 oss Removed $ 161,535,
nesw sturir sewer, Cotal Ceal 33,970,000 Cos. Per Luss Removed $44 1,111

ICity of La Porin
Cily Witle Drainage Study




TABLE 5-10

OWNERSHIP AND MAINTENANCE

Stream | Ownership Maintenance
Clear Creek Watershed
A104-00-00 (Taylor Bayou) HCFCD HCFCD i
A104-07-00 (Tributary 3.93 to Taylor Bayou) HCFCD/City HCFCD/City
A104-07-01 City City
A104-10-00 (Boggy Gully/Bayou) HCFCD HCFCD
A104-10-02 HCFCD HCFCD
A104-12-00 HCFCD HCFCD
A104-12-01 HCFCD HCFCD
Armand Bayou Watershed
B106-00-00 (Big Island Slough) HCFCD HCFCD
B106-02-00 HCFCD HCFCD
B 106-05-00 HCFCD/City HCFCD/City
B106-06-00 City City
B 109-00-00 (Spring Gully) HCFCD HCFCD
B 109-03-00 (B112-02-00 Interconnect) HCFCD HCFCD
B112-00-00 (Willow Springs Bayou) .l HCFCD HCFCD
B112-02-00 (Tributary 1.78 to Willow Spring Bayou) HCFCD HCFCD
B112-05-00 HCFCD HCFECD
San Jancinto/Galveston Bay Watershed
F101-00-00 - } [ HCFCD HCFCD |
F101-01-00 City City
F101-03-00 City City
F101-06-00 HCFCD HCFCD
F101-06-02 HCFCD |  HCFCD
F101-06-03 HCFCD HCFCD
F101-07-00 City City
F101-08-00 City City
F210-60-00 HCFCD HCFCD
F212-00-00 (Deer Creek) HCFCD/City HCFCD/City
F216-00-00 (Little Cedar Bayou) HCFCD/City HCFCD/City
F216-01-00 City City
F216-02-00 City City
F216-04-00 City City

Klotz Associates Project No. 0127.008.000
January 2009

City of La Porte
City Wide Drainage Plan
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APPENDIX A
SOURCE DATA REPORTS AND REFERENCES

City of La Porte Master Drainage Plan (December 1982, O’Malley & Clay, Inc.)

Master Drainage Plan and Interim Improvement Recommendations for Unit FI101-00-00

(September 1987, Landev Engineers, Inc.)
Clear Creek Watershed Regional Control Plan (February 1992, Dannenbaum Engineering Co.)

Hydrologic and Hydraulic Study for Interconnect of HCFC Unit B112-02-00 to Unit B109-00-00
and HCFC Regional Detention Site Unit B312-01-00 (April 1997, Wilbur Smith

Associates, Consulting Engineers and Planners)

Hydraulic Analysis for Litile Cedar Bayou Watershed HCFCD Unit F216-00-00 (January 2000,
Binkley & Barfield, Inc. Consulting Engineers)

Hydrologic and Hydraulic Analysis of proposed Channel Improvements to Fairmoni Ditch
(B112-05-00} (January 1989, Dodson & Associates, Inc.)

Master Drainage Plan For The City of La Porie (July 1977, Espey, Huston & Associates, Inc,

Engineering & Environmental consultants)

Master Drainage Plan Harris County Flood Control District Unit F101-00-00 (September 1987,
Landev Engineers, Inc.)

Clear Creek Regional Drainage Plan (July 1989, Dannenbaum Engineering Co.)

Regional Flood Control Plan for Tributaries to Armand Bayou (May 1999, Klotz Associates,
Inc.)

City of La Porte Comprehensive Plan (April 1984, Vernon G. Henry & Associates, Inc.)

Taylor Bayou Watershed Master Drainage Plan; Tax Increment Reinvestment Zone #1 (August

2003, CivilTech Engineering, Inc.)

Appendix A-1
Klotz Associates Project No. 0127.008.000 LLa Porte Citywide Drainage Study
January 2009 City of La Porte
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Tropical Storm Allison Recovery Project LiDAR QA/QC Galveston Bay, Spring Gully/Goose
Creek, Luce Bayou, Cedatr Bayou & Armand Bayou (Brown & Gay Engineers, Inc.)

Hydraulic Analysis for Sens Road From 300" North of Spencer HWY. to 300" North of Avenue
“H" HCPID Pin CI102/1002/005 VOL 2 (December 2003, Binkley & Barfield, Inc.

Consulting Engineers)

Drifrwood Drive Drainage Study, City of La Porte Pond to Park Project (June 2004, CivilTech

Engineering, Inc.)

Preliminary Analysis for F216-00-00 Linear Detention (November 2004, Binkley & Barfield,

Inc. Consulting Engineers)

Drainage Report — Impact and Mitigation Analysis San Jacinto and Galveston Bay Watershed;
Proposed Fairmont Parkway Improvements From 16" Street 1o State HW 146 (December
2005, TSC Engineering Company)

Hydraulic Analysis for Sens Road From 300" North of Spencer HWY. to 300" North of Avenue
“H" HCPID Pin CI/102/1002/005; Litle Cedar Bayou (F216-00-00) & HCFCD
Channel A104-07-00 (February 2005, Binkley & Barfield, Inc. Consulting Engineers)

Hydrologic & Hydraulic Analysis Port Crossing Development (June 2006, Goldston Engineering,

Inc.)

Appendix A-2
Klotz Associates Project No. 0127.008.000 La Porte Citywide Drainage Study
January 2009 City of La Porte
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APPENDIX B
SOURCES FOR FUNDING INFORMATION

Harris County Flood Control District Partnerships: www.hcfed.org/partnerships.html

Texas Parks and Wildlife: www tpwd.state.tx.ns/business/grants/

Texas Water Development Board: www.twdb.state.tx.us/assistance/assistance _main.asp

Governor’s Division of Emergency Management: www.txdps.state.tx.us/dem/pages/index.htm

Federal Emergency Management Agency: Repetitive Flood Claims Grant Program

www.fema, gov/government/grant/rfc/index.shtm

“Financial Assistance.” 2005. Texas Water Development Board. March 14, 2007.

<http://www.twdb.state.tx.us/assistance/financial/financial_main.asp>

Colley, Jack.. Letter to Emergency Management Colleagues. January 29, 2007. Repetitive Flood
Claims Grant Program Guidance for FY 2007. Emailed to firm 3.1.07.

Colley, Jack.. Letter to Emergency Management Colleagues. January 29, 2007. Pre-Disaster
Mitigation (PDM) Grant Program Guidance for FY 2007. Downloaded from website

3.14.07. <http://www.txdps.state.tx.us/dem/pages/downloadableforms. htm#hmgpgrants>

“Hazard Mitigation Grant Program (HMGP).” August 30, 2005. Texas Division of Emergency
Management. March 14, 2007

<httpy//www.txdps.state.tx.us/dem/pages/downloadableforms.htm#hmepgrants>

Appendix B-1
Kiotz Associates Project No. 0127.008.000 La Porte Citywide Drainage Study
January 2009 City of La Portz
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Texas Statutes Local Government Code Chapter 395.015. Added by Acts 1989, 71st Leg., ch. 1, §
82(a), eff. Aug. 28, 1989. Amended by Acts 2001, 77th Leg., ch. 345, § 3, eff. Sept. 1,

2001. <http://tlo2.tle.state. tx.us/statutes/1g. toc. htm>

Appendix B-2
Klotz Associates Project No. 0127.008.000 La Porte Citywide Drainage Study
January 2009 City of La Porte



APPENDIX C

Potential Detention Sites

Identification Area Area Volume square | Volume with 88
Number () (acre) {acre-feet) {acre-feet)
Pond 1 1389368 31.9 159.5 118.8
Pond 2 884527 203 101.6 75.7
Pond 3 136547 3.1 15.7 1.7
Pond 4 7764435 17.8 89.1 66.4
Pond 3 633733 14.6 72.8 54.2
Pond 6 314673 7.2 36.1 26.9
Pond 7 55348 1.3 6.4 4.7
Pond 8 580338 13.3 66.6 49.6
Pond 9 170270 39 19.6 14.6
Pond 10 71651 1.6 82 6.1
Pond 11 148457 314 17.1 12.7
Pond 12 204209 4.7 23.5 17.5
Pond 13 135920 3.1 15.6 11.6
Pond 4 182605 4.2 21.0 15.6
Pond 16 380896 8.7 43.7 32.6
Pond 17 9625848 221.0 1104.9 823.2
Pond 18 11761833 270.0 1350.1 1005.8
Pond 20 4069052 93 4 467.1 348.0
Pond 21 506749 11.6 58.2 433
Pond 25 458129 105 52.6 392
Pond 27 281953 6.5 324 24.1
Pond 28 2089535 48.0 2399 178.7
Pond 29 209962 48 24.1 18.0
Pond 30 221175 5.1 254 18.9
Pond 31 564684 13.0 64.8 48.3
Pond 33 1054877 24.2 121.1 90.2
Pond 34 569349 131 65.4 48.7
Pond 38 1344930 30.9 154.4 [15.0
Pond 39 1928957 44.3 221.4 N 164.9
Pond 40 787407 181 [ 90.4 67.3
Pond 43 9863737 2264 11322 843.5
Pond 46 467361 10.7 5857 40.0
Pond 48 1477836 33.9 169.7 126.4
Pond 49 27300 0.6 34 2.3
Pond 50 123901 2.8 14.2 10.6
Pond 51 129252 3.0 14,9 11.1
Pond 52 37145 0.9 4.3 32
Pond 53 346481 8.0 39.8 29.6
Pond 54 476617 10.9 54.7 408
Pond 55 130723 3.0 15.0 11.2
Pond 56 286803 6.6 32.9 24.5
Pond 57 170004 3.9 19.5 14.5
Pond 61 781202 17.9 89.7 66.8
Pond 62 187784 43 21.6 161
Pond 63 363486 83 41.7 3l.1
Pond 64 372049 8.5 42.7 31.8
Pond 65 350345 8.0 40.2 299
Pond 66 540400 12.4 62.1 46.2
Pond 67 1132392 26.0 130.0 96.9
Pond 68 306196 7.0 352 26.2

Klotz Associates Project No.: 0127.008.000

January 2009

City of La Porte

City Wide Drainage Study



APPENDIX C

Potential Detention Sites

[dentification Area Area Volume square | Volume with §8
Number (ft) (acre) (acre-feet) (acre-feet)
Pond 69 261528 6.0 30.0 224
Pond 70 280733 6.4 322 24.0
Pond 71 159129 3.7 18.3 13.6
Pond 72 564068 13.0 64.8 48.2
Pond 73 394306 | 9.1 453 337
Pond 74 221538 5.1 2513 19.0
Pond 73 135911 3.1 15.6 11.6
Pond 76 436912 10.0 50.2 374
Pond 77 533094 12.2 6l.2 45.6
Pond 78 427067 9.8 49.0 36.5
Pond 79 103915 24 12.0 8.9
Pond 80 29140 0.7 34 2.5
Pond 81 181381 4.2 20.8 15.5
Pond 82 18516 0.4 2.2 1.6
Pond 83 123037 2.8 14.1 10.5
Pond 84 30119 | 0.7 3.5 2.6
Pond 85 103245 24 119 8.8
Pond 86 1613238 357 18.5 13.8
Pond 87 91992 2l 10.6 7.9
Pond 88 55094 1.3 6.3 4.7
Pond 89 196168 4.5 225 16.8
Pond 91 97307 22 11.2 83
Pond 92 201082 46 231 | 17.2
Pond 93 245530 36 28.2 21.0
Pond 94 141337 3.2 16.2 12.1
Pond 95 703239 [6.1 80.7 60.1

Volume is an approximation based on a 5 foot pond with side slope of 3:1

Klotz Associates Project No.: 0127.008.000

January 2009

City of La Porte
City Wide Drainage Smdy
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Storm Sewer Upgrade Identify in Letter Report No. 2



Appendix E

Data CD
(To be provided upon final delivery)
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