











FIGURE 1
FIGURE 2
FIGURE 3
FIGURE 4
FIGURE 5
FIGURE &
FIGURE 7
FIGURE »
FIGURE 9
FIGURE 10
FIGURE 11

LIST OF FIGURES

Typical Storm Hydrograph .. ....ooiveiiiiiiiiiiiiiiii i aees
One Hour Unit Hydrograph

Storm Hydrograph .. ... 9
Composite Storm Hydrograph ........................coiiiiiiiiio. ... 8
Design Storm Hyetograph . . = .10
West Fork Watershed and Critical Areas .. ............................... ... 15
Lake Creek Watershed and Critical Areas ... ...............c.oo0o ... 19
Spring Creek Watershed and Critical Areas .. _................000. 22

Peach Creek Watershed and Critical Areas
Caney Creek Watershed and Critical Areas
East Fork Watershed and Critical Areas

TABLE 1
TABLE 2
TABLE 3
TABLE 4
TABLE 5
TABLE 6
TABLE T
TABLE 8
TABLE §
TABLE 10
TABLE 11
TABLE 12
TABLE 13
TABLE 14
TABLE 15
TABLE 16
TABLE 17
TABLE 18
TABLE 19
TABLE 20
TABLE 21

LIST OF TABLES

Secondary Drainage System Design Storm
West Fork Critical Areas
West Fork Alternative Costs and Economic Benefits
West Fork Buy-Out in 25 Year Flood Plain and 100 Year Flood Plain
Lake Creek Critical Areas

Lake Creek Buy-Out in 25 Year and 100 Year Flood Plain.
Spring Creek Critical Areas . .
Spring Creek Alternative Costs and Economic Benefits .
Spring Creek Buy-Out in 25 Year and 100 Year Flood Plain. ..........
Peach Creek Critical Areas
Peach Creek Alternative Costs and Economic Benefits . . .
Peach Creek Buy-Out in 25 Year and 100 Year Flood Plain
Caney Creek Critical Areas . ............ooooveiinnn,
Caney Creek Alternative Costs and Economic Benefits ..............
Caney Creek Buy-Out in 25 Year and 100 Year Flood Plain. .
East Fork Critical Areas . .

East Fork Alternative Crxu and Economlc Benel'tls :
East Fork Buy-Out in 25 Year and 100 Year Flood Plain, .
Summary of Flood Plain Structures and Annual Damages. ... ............
Summary of Benefit/Cost Ratios of Alternatives. .................cconnonn

iRk

T















































































































The SCS has modeled each of the six major streams and most of the tributaries using TR-20. As a result
of this project, all of the Montgomery County FEMA study input data is now available on tape from the
San Jacinto River Authority. Most of the data is ready for use; some data was not available from the SCS in
tape or card form and had to be transcribed by hand from paper copies. All of the transcribed data for the
six main watersheds were checked until the results matched the original SCS results from the 1975 FEMA
study. The data for the smaller watersheds were not used for this project, and although transcribed from
the paper copies but was not checked and verified. This data, which is marked on the tape, will require
debugging and checking against the SCS floodplain data.

Hydraulics:

The hydraulic design of a channel or structure is of primary importance to insure that flooding and
erosion problems are not aggravated or created,

All major open channels should be designed to contain the runoff from the 100 vear frequency storm
within the right-of-way, except where channel improvements are necessary to offset increased flows from a
proposed development. In those cases, the 100 year flood profile under existing conditions of development
should not be increased. Additionally, the channel must provide sufficient freeboard during the more fre-
quent design storm (25 year frequency) to provide for adequate drainage of lateral storm sewers,

In areas served by closed systems, storm water runoff should be removed during the 100 year frequen-
cy storm without flooding of structures, This is accomplished through the design of the street system and
the storm sewer system in t as well as in the design capacity of the closed conduit.

Several methods exist which can be used to compute water surface profiles in open channels. The
methodology selected depends on the complexity of the hydraulic design and the level of accuracy desired.

For an existing or proposed channel with flow confined to uniform tions, either a hand
caleulated normal depth or dlle-ct step oompulallon is sufﬂeienl Manning's equalion should be used for
computing normal depth. For s for existing or a pro-
posed channel with flow in the ombnnks the slandlnd step method is recommended,

Two are ilable which make use of the standard step method; HEC-2
developed by the U.5. Army Corps of Engineers and WSP-2 developed by the Soil Conservation Service,

‘WSP-2 hydraulic backwater models utilizing FEMA input data are available for each of the six major
streams and for many of the tributaries in the San Jacinto watershed. As with the hydrologic data, all of
this data is now available on a tape from the San Jacinto River Authority. The data was obtained in two
forms from the SCS: actual computer tape and paper copies. The data for the six main streams were check-
ed and verified against the actual results from the SCS floodplain study. All of the tributary data on paper
were copied to magnetic tape; this data was not checked against the SCS results and needs to be check for
accuracy and correctness. The index to the data tape lists the data and whether the data should be checked
or not.,

Effects of Urbanization:

Drainage authorities have ized that urban d will increase the 100 year peak flow
over existing conditions. This can greatly enlarge the 100 )'cnr floodplain, and make the existing 100 year
ﬂoodptuin maps uuhdnhed P!'Upel't) mmall; outside the eriginal floodplain can actually be inside the 100
year floodplain when the runoff from the watershed,

One mechanism to account for the widening floodplain is to develop criteria on how much an increase
in the 100 year flow is permissible based on how important it is to the regulatory agency to keep the existing

floodplain from expanding. A stream with significant development just on the fringe of the floodplain
would merit different consideration thln one where “ larger floodplain would have a minor impact,

The criteru oould be develop usnng drologi lation models and would be in the form of
iti i i nreuJ for d.iffe:em portions of the water-
shed. One area, for ﬁnmp]e. might beable to support hngh in a hydrologically “in-

sensitive” portion of the watershed, and yet have the same Impu:t as low density development in a “sen-
sitive” area. The simulation modeling could provide the general development guidelines for different areas
of each hed based on hydrologic timing, proximity to the stream and to major problem areas, and to
the topography and soils n{ the basin.

Structural Considerations:

The slmlural dedgn of flood mnlrol facilities encompasses all aspects of the design of modifications

from red ion to altering existing channels and streams, building new chan-
nels, selecting side slepu for earthen chlnnets and builing major structures, such as bridges, culverts,
drop and walls. Hyd: should convey stormwater safely, control ero-

sion, be cost effective, require minimal malmenmce and add safety and esthetics to the drainage system.
It is beyond the scope of this project to develop detl!led structural requirements, however, future
davulupmmt of this eriteria by the I entm ponsible should be considered. Reten-
has limited usefulness for an overall stream. F , when d is properly
applied, especially in the upper reaches of watersheds, substantial benefits and results are achieved.

Detention ponds are useful to reduce the impacts of urban development to downstream areas. Storm-
water detention can be divided into two main groups: on-site detention and regional detention. On-site
dﬂenl[un refers to small ba:ll!s, usually mmtncmd by a developer, that control runoff from individual sub-
fon refers to larger structures on a major drainage

systems lhal control runoff from several developme
Tiu- advantage to an on-site located detention hc!lity is the capital costs are carried by a developer,

and a dral district or pality with no available capital funds can get detention installed into the

drainage sys&em The key to a ful onsite d jon program is detailed design criteria and perfor-

mance mnd.ardp with a strong maintenance clause. Many cities and counties have experienced severe
with on-site d ion. When considering the large number of potential basins, it is

very important to establish who is going to provide the money and effart to maintain the system in order
for it to be effective.

Reglonal detention has been shown in many cases to be more technically efficient and more cost effec-
tive than on-site detention. Developers usually favor regional detention, even if they have to pay a shared
portion of the construction costs. A regional detention policy can be very cost effective, especially if land is
reserved for detention before the best basin sites are committed for development. The Harris County Flood
Control District is now devel an regional d ion system for White Oak Bayou; this
system is based on the concept of user's fees, where upstream developers contribute funds to the Flood Con-
trol District to help defray some of the costs for regional detention basins.

Non-Structural Considerations:

Often steps taken I:y governmental entities on their own initiut!ve or in otln]lmctim: with other agen-
cies can have a profound affect on red, of flood damages. O ions, and/or laws can
regulate develof within the floodplain boundary, These actions are usually based upon FEMA
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floodplain boundary maps, Development of this plan of attack is highly recommended to assist in the con-
trol of future flood damages. Among the steps recommended are:

1. Initiate one central group or ageney to control, monitor, remedy, and finance flood control for the
watershed. Since the entire watershed ties together in Lake Houston, a coordinated flood control manage-
ment is most important in the upper watershed,

2, Control development within the 100 year floodplain by laws and ordinances prohibiting develop-
ment within the floodway and ].imll:mg | within the floodplain. These laws may control
through fes: the entities in charge of flood mnlroa building permits, plan
nppml]s, cammlmoner s court miiny, ete.

. Establish minimum building slab elevations in floodprone areas, These slab elevations should con-
farm to the requirements outlined by the Federal Housing Administration and apply to all structures.

4. Limit placement of fill within the floodplain without the ap, 1 of the flood control entity
andior county g Require P ion testing and data along with hydrologic and
hydraulic data with emplllm on i.mpnct on downstream and surmundms water surfaces.

5, Develop g and p dures to follow whﬂﬂ 1l g P within the 100 year flood
plain. Among the factors to be idered are: provide passage of ad y through
development, Iin:it land fill, limit structures to not ubulr»cl the 100 vear flood flow unless oﬁsetlingmn
veyenoe provided and limit flood

@, Finllly. dwe!op general criteria, d and for d impact analysis.
Include the specific analysis, pmﬂ:dlm type model, :Iupth u( detail, and all other such l'aclurs This
specific design criteria is necessary in order to pare D I A with Devel B and to

analyze these combined effects,
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A more traditional reservoir operation scheme was also evaluated for Lake Creek reservoir. The peak
flow was reduced as much as possible (Lake Creek summary tables, case LC-G2) to provide maximum
benefits to downstream Lake Creek land uses. The benefits were very small compared to the benefits from
the West Fork for the operational method described above (case WF-G1).

The final West Fork-Lake Creek reservoir simulation involved both Lake Conroe and the proposed
Lake Creek reservoir (West Fork, case WF-G2). The Lake Creek reservoir was operated to capture the ris-
ing limb of the Lake Creek hydrograph to provide maximum downstream benefits. The assumptions used
by the SCS for the FEMA floodplain study were also changed to show the potential effect of Lake Conroe,
The SCS used a very p that the op of Lake Conroe would not discharge any
runoff until the reservoir's Ilood storage was exhausted, After this point, all runoff was translated through
the Lake with no reduction in peak flow. This produced almost no reduction in the 100 year peak flow
which occured despite considerable “flood storage™ available in Lake Conroe.

The Lake Conroe flood storage represents 3.5 feet of storage above the normal operating level of the
reservoir. This level is currently available to store flood waters. Alternative WF-G2 evaluated the potential
benefits of the existing available flood control storage.

Alternative WF-G2 assumed the operators of the reservoir could predurl the inflow mw the msun'mr
and eould adjust the outflow to maximize the benefits from the s flood pool, The

for this are fairly simple: a hydrologic simulation model would assist the
nperalm on how best to adjust the outflow from the reservoir to match the size -m:l type of storm ereating
the runoff. (At this time the San Jacinto River Authority is developing a hydrol system to aid
in managing reservoir outflows.) The storage in the Lake Creek reservoir, mrnbdned with the assumption
that the existing available Lake Conroe storage could bc used for ﬂwd contral, proved to be one of the
most effective flood damage reduction control al ined in this project.

East Fork Reservoir:
The reservoir on the East Fork was evaluated using data provided by the Bureau of Reclamation. The
proposed reservoir was simulated for multi-p using 3 feet of flood control storage above
the proposed normal water level. Because of the la lrge size of the reservoir almost all of the 100 year storm
was trapped in the reservoir. Two factors affecting this result were: calibration of the 100 year storm
runoff reduced the total rainfall and the Bureau of Reclamation evaluating reservoir design with more
flood storage.

The calibration procedure reduced the rainfall used for the 100 year run to 9.8 inches, which is less
than the actual 24 hour 100 year rainfall of 12.7 inches. This probably causes the reservoir simulation to
underpredict the amount of runoff to be handled. The overall error seems to be small, however, since the
runoff needed to be corrected and calibrated downward in the same way as the peak flow. No runoff
figures were available and the East Fork model was only calibrated against peak flow.

The Bureau of Reclamation is considering other flood storage in the East Fork reservoir to maximize
the benefit-cost ratio for the project. The final design could have more than 3 feet of flood control storage
and provide even more flood control protection than evaluated for this project.

Peach Creek and Cancy Creck Reservoirs:

Two reservoirs on Peach Creek and one reservoir on Caney Creek were evaluated as normally dry
basins that were devoted entirely to flood control (Table A.3). These structures would be designed and
operated like the Addicks and Barker reservoirs on Buffalo Bayou in Houston, Texas, Potential sites were
located, measured for flood storage and incorporated in the hydrologic models to predict reduction in peak
runoff. On Peach Creek a large reservoir iMh Creek case PC-G2) and a smaller reservoir (case PC-G1)
were modeled to pare the cust i of a small versus large structure, On Caney Creck, a

! Iy sized r ir was d i

To account for extra land space required for the reservoirs and some unavoidable inefficiencies in

ion, the final design was d to be 25 percent g:enlm than the amount uulized in the

simulation. The locations for these reservoirs only possible | not p d sites for a
flood contral project, If a reservoir is to be built, other sites may prove to be more cost effective,

Spring Creek Reservoirs:

Two Spring Creek reservoirs were simulated: a small amenityflood control reservoir downstream of
the Dry Creek confl (Woodland R ), and a lly dry flood control structure far upstream
on Walnut Creek. T‘he Woodlands reservoir is being wnlual.ed by outside interests Woodlands Corpora-
tion, who provided hnical data for i the 1nto the hydrologic model. This
reservoir had only mIn[mll effect on d flows and floodplai because of its small size
and location in the lower portion of the watershed (case SCG1).

The second reservoir was designed to capture all of the runoff from the Walnut Creek watershed (SC-
G2). As with the Peach Creek and Caney Creek reservoirs the location is only a possible site for a Barker-
Addicks type strueture located in the upper Spring Creek watershed.

B. ECONOMIC BENEFIT CALCULATIONS

Definition of Critical Areas:

Each stream was divided into a series of reaches ranging from 2 to 5 miles long. The reaches were
compared to determine “critical reaches”, or the reaches where the highest flood damages occurred, The
comparison was based on obuuunn-dxmnge data provided by the Corps of Engineers or on the number of
structures in the 100 year floodplain if no Corps data was available.

Each stream except Lake Creek had from 4 to 6 critical areas, and the final selected critical areas
usually represented over 85 percent of the damage to structures in the entire stream. The Lake Creek
analysis was not accomplished in the same detail as the ather streams because of the relatively undeveloped
nature of the Lake Creek 100 year floodplain.

Percentage of 100 Year
Flood Damage Included
Stream Critical Areas in Critical Areas

West Fork 1234 0%

Eust Fork 12,345 5%

Spring Creek 1234 55%

Caney Creek 12345 59%

Peach Creek 12345 100%

A separate ics benefit caleulati fi 1 for each eritical area using a graphical

method referred to in this report as the cl\m method (Shaw, 1983). This method used hydrologic,
hydraulic, and flood damage data to construct a plot yielding annual economic benefits for any flood con-
trol alternative,





























































































































































































































































































