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DECLARATION OF DR. PH B. BEDIENT

My name is Dr. Philip B. Bedient. | am
been convicted of a felony or a crime of moral t
declaration. | have personal knowledge of the
correct. | submit this declaration in connectio

e of eighteen (18) years, have never
e, and am competent to make this
ed herein and the facts are true and
bove-styled lawsuit.

l. Introduction
A. Purpose of Report

The purpose of this report is to present my find
in the Plaintiff’s Petition in Medina v. San J
operation of Lake Conroe Dam by San Jacintg Ri
flooding of private property downstream of t
on or about August 28, 2017. The location
Figure 1.

gs and opinions regarding the allegations made
thority that the design, construction and

rity (SJRA) caused or contributed to the

onroe Dam during Tropical Storm Harvey starting
oe Dam, north of the City of Houston, is shown in



Huntsville

Hempstesd | The Woodlands- L

nroe Dam following a release of waters of the magnitude that occurred
torm Harvey.

Further, | reviewed documents regarding Harvey including precipitation, stream gage, and lake
elevation data for Harvey, some of which are described below, in order to understand the magnitude of
the Harvey event and possible causes of the flooding of the private property.

I also reviewed and utilized some of the computer modeling provided by the SIRA consultant,
HDR, to demonstrate the contribution that the water released from Lake Conroe by SJRA during Harvey
had on the flooding downstream at the various Plaintiffs’ properties. Some of this HDR modeling also
provides information about potential downstream flooding without the Lake Conroe Dam.

Finally, | reviewed data relating to slab elevations at various private properties as well as high
water marks evidencing the depth of flooding at each of those properties.

C. Summary of Findings and Opinions

- The releases from the Lake Conroe Dam by SIRA during Harvey caused or exacerbated the
flooding of the Plaintiff’s properties, as demonstrated by the model results of SIRA’s
consultant, HDR, as shown in M. Forest’s affidavit attached to the SIRA Plea to the
Jurisdiction in this case.




- The releases from the Lake Conroe Dam by SJRA during Harvey caused ed the
flooding of the Plaintiff’s properties, as demonstrated by the model
consultant, HDR, as compared to what would have happened if No {
constructed (i.e. natural conditions).

been

- The releases from the Lake Conroe Dam by SJRA during Harve acerbated the
flooding of the Plaintiff’s properties, as demonstrated using
consultant, HDR, as compared to what would have happ ollowed its pre-
2010 Gate Operating Procedures (GOP). '

All opinions and conclusions are stated to a reasonable deg
certainty, and are generally provided at the end of this report.

¢ and engineering

D. Qualifications

| am the Herman Brown Professor of Engineering in the Department of Civil and
Environmental Engineering at Rice University, whe nce 1975. From 1992 to 1999, |
served as Chair of Environmental Engineering at Rice Un 2006, | was elected as a Fellow to
the American Society of Civil Engineers (“ASCE”).

g Sciences from the University of Florida, an
sity of Florida, and a B.S. {1969} in Physics

| have a Ph.D. (1975) in Environmental Eng
M.S. (1972) in Environmental Engineering f
from the University of Florida.

| teach and perform research i
analysis, flood prediction systems, ¢
quality control. | have directed 60 res

ydrology, groundwater hydrology, floodplain
al resiliency and disaster management, and storm water
s over the past 40 years.

| have been working wit ulated reservoirs, including both federal (USACE-operated) and
non-federal reservoir project -1970s. As part of my Ph.D. work at the University of
Florida, | analyzed the cha ' ssociated reservoirs on the Kissimmee River in south-
central Florida. More recent
on the system of USACE along the Cumberland River; my analysis was particularly focused
on the role of the assoc s within the Cumberland River reservoir system and comparing the
operational plans wit
behalf of the State o against the State of Florida regarding reservoir operations by the Corps
of Engineers along ti tahochee River. | have also been involved with two non-federal reservoirs
located in Houstan
recreational,
with Lake Ho
projects nea
storage, and

project) as well as various water quality-related studies associated
supply and recreational project). | have also worked on river and lake
including analysis on Lake Austin and Lake Travis with respect to flows,
al impacts.

ve experience working with USACE Hydrologic Engineering Center (“HEC")
ncluding HEC-1, HEC-2, HEC-HMS, HEC-RAS, HEC-ResSim, and HEC-FIA.



| have been analyzing complex h
hydrologic and hydraulic models, my entire
watersheds across the United States on isst
associated flow statistics. | have modeled
Southeast, including: the Kissimmee River g
(10 urban basins in the Houston area), the
Austin, and Lake Travis in Texas. | have also |
Michigan. These studies have included bot
time periods. | have also performed long-term
Texas related to environmental flows.

ems, and developing and running advanced
have worked in dozens of large urban and rural
s flood and drought flows, urban impacts, and
and watersheds throughout the South and
chobee in Florida; and the San Jacinto River
iver, the Trinity River, the Brazos River, Lake
rmed similar work in California, Louisiana, and
ydrologic response studies over multi-year
| analyses of rainfall and low flow runoff in

In 1998, | invented the first real-tim ing system (FAS) used in the United States.
FAS was developed for the Texas Medical Cen g NEXRAD radar and real-time hydrologic
prediction. The system has been in place for almost 20vyears. When Tropical Storm Allison hit Houston
in 2001 causing $5 billion in flood damage, for over five years with the redesign of the
infrastructure to manage flood flows based Is and SWMM simulations.

In 2006, | formed the Severe Storm
after Hurricanes Katrina and Rita impacted thi
Center which consists of a team of five

“SSPEED”) Center with funding from Texas
. Since 2007, | have been the director of the

Houston-Galveston Area Protection System f¢ torm surge in the region.

| have written over 180 articles in jou
four textbooks, and | am the lead author on Hy
2018), which is one of the leading hydrology t
States.

d conference proceedings. | have also authored
Floodplain Analysis {(Prentice Hall, 6th ed.,
d in over 75 universities across the United

In 2007, | received the prestigious C.V is Award from the American Institute of Hydrology.
| also received the Shell Distinguished Chair in Eavironmental Science (1988-1993). | am also a Fellow
with the American Society of Civil Engineers. During Hurricane Harvey (2017), Buffalo Bayou in the
Houston area suffered an extensive flooding. The flooding was caused by combined factors from both
local rainfall and the upstream reservoirs release (Addicks and Barker reservoirs). In order to better
understand the flood inundation caused by two combined factors, | performed a
hydrologic/hydraulic analysis for Buffalo Bayo event. (See my attached curriculum vitae
and list of legal cases in last 4 years).

A full copy of my CV is provided in Appe

E. Compensation

| am being compensated for my work on
and at $400 per hour for time spent testifying at depa

00 per hour, plus reasonable expenses,
trial.




of testimony

I have p
either in depositio

in Appendix B a list of all of the cases in which | have given expert testimony

G. Docur ered in preparing my report

The documents th
attached hereto, inc
e allinterrogatory answe ed by Plaintiffs;
e elevation certific intiffs;
e all exhibits atta Plaintiffs’ Response to SIRA Plea;
e Depositions with exhibits of Olmos, Houston and Forest

ed and utilized in preparing my report are listed in Appendix C

L. Design, Construction and Operation of Lake Conroe Dam

A “dam” is a barrier that obst
water behind it. The area behind a da
dam usually consists of an earthen or con

ater is being stored is known as the “reservoir”. A
yankment built across a river or creek, and is normally

provide recreational opportunities. An outlet structureithrough the dam (e.g. culverts) is usually
provided at or near the bottom of the flood of the dam so that any flood waters that are
being stored behind the dam can be release oir emptied to make room for the storage of
additional flood waters when the next storm emergency (or auxiliary) spillway is also
normally included near the top of the dam to p
major flood event so that overtopping of the da
maintained (i.e. preventing a dam failure). Figure atic of a typical flood control dam and
reservoir.

N~ MAX DESIGN WSEL '\ TOP OF DAM
o spiuway
RESERVOIR

OUTLET WORKS

Figure 2. Schematic of Typical Flood Control Dam and Reservoir



Flood control dams have as their primary or sole purpose
downstream. Such dams are normally designed to safely handle the p
would be reasonably expected to occur in the area. Prior to the
on the largest historic storm recorded for the region. Since then, 1
has published probable maximum precipitation (PMP) data that

of flood damages
aximum storm that

a design storm was based
Weather Service (NWS)

Water supply dams have as their primary or sole purp
water supply source for local communities. These dams provide
creating a lake/reservoir that can be used to serve other purp
Dam).

ge of water to serve as a
nt water level behind them,
s recreation (e.g. Lake Conroe

The U. S. Army Corps of Engineers (USACE) has
of dams and reservoirs across the United States, and ha
manuals (EMs) and Technical Letters (ETLs) to provide polic
activities. For example, ER 1110-8-2 (Mar 1991) titled “

d, constructed, and operated hundreds
engineering regulations (ERs),

1420 (October 1997) is a USACE
for Reservoirs” that provides design

The USACE issued an engineering manual 600) in 1959 regarding reservoir
regulation and operation, in which it discusses the : ¢ recognized effects of large, deep reservoirs
on the natural discharge of rivers (e.g. Lake Con ects include creating an earlier and higher
peak inflow to the dam than would be expected | (non-dam) conditions. This manual also
discusses how to operate the gated spillways ) help prevent increased flood damages
downstream, such as keeping peak release ra w those rates that would have occurred under
natural conditions. In addition, the manual e rate of increase in reservoir releases should
not create a major hazard to downstream i e pertinent section of this manual (4-05.
Operation of Gated Spillways) is shown b Note that the Lake Conroe Dam was designed in the
1960s).




GATED SPILLWAYS a. General. The effects of large, deep reservoirs on
f rivers are generally recognized and accounted for by developing “inflow to full
hydrographs for corresponding design floods under natural river conditions.
rlier and higher peak of the “inflow to full pool” hydrograph results
f flow and decrcased friction in the flooded or reservoir pool sections
cams above the dam. The flow from the upper basin reaches the dam
greater extent with the inflows from the local areas and lower
he reservoir pool and also reaching the dam earlier than would
A secondary effect in the increase of the “inflow to full pool”
the dampening effect of valley storage within the reservoir pool is
itions of flow through rescrvoirs being held at fairly constant level
ro & number of reservoirs in sequence are involved, a material
dwaters can result and uncontrolled peeks may be increased.
Until recent yearsit w ice in the study of gated spillways to assume that the reservoir
level would not be permitte bove the static-full-pool elevation near the dam until all spillway
gates were open, after which rescrvoir outflow would be uncontrolled as long as inflow exceeded the
capacity of the spillway at static-full-ppol elevation. However, experience in the operation of gated
spillways has shown that significant flood damages may arise because of the fact that reservoir releases
under this plan of operation may be larger during floods occurring when the reservoir is full, or near full,
than would have been the case under natuzel conditions before construction of the reservoir. The
operation of gated spillways because of sudden increases in the rate of outflow may result in & damaging
flood wave. For these reasons, insofar as ble, reservoirs controlled by gated spillways should be
designed and operated to accompli objectives during periods when the reservoir is filled
or nearly filled:
(1) Peak rates of reservoir release d
corresponding floods that would have o
of the reservoir.
(2) The rate of increase in re!

limited to values that would not constitute a major

4-05. OPERATI
the natural disch
pool” hydrographs
Refer to EM 1110-
primarily from the
of the main river an
earlier and usually syn
tributaries discharging

considerably less under ar
than under natural river ¢
shortening of the concentr

damaging floods should not exceed peak rates of the
der runoff conditions prevailing before construction

uring a significant increment of time should be
ard to downstream interests.

B. Original and Revised Design of La

- Creation and Purpose of the SIRA

rict (predecessor to the San Jacinto River
one of 15 major river authorities in the
r resources and to control, store, and
e San Jacinto River Conservation and Reclamation
g., R.S., ch. 426, § 1. Among the powers
was the power to “stor[e], control],
nd the prevention of the escape of any
rrent overflows, and the protection of
ers.” Id.

The San Jacinto River Conservation and Reclamation
Authority) was created by the Texas Legislature ing1937
State of Texas. It was established to develop the
distribute flood waters. The authorizing legislation f
District was passed in 1937. See Act of May 12, 1937
vested in the San Jacinto River Conservation and Recla
and conserv[e] storm and flood waters of the San Jacint
such waters ... for the prevention of devastation of [ands from
life and property in such watershed area from uncontroll

throughout Texas, was passed in
cost, such as the following:

This legislation, as well as others creating river autho
response to decades of severe river flooding at great financia

e Dec.1-5,1913: 15 inches fell in Central Texas and ca ooding on the Brazos River,
causing the loss of 177 lives and $8.5 million of damage
e April 20-26, 1915: 17 inches of rain fell in North and Ea
Brazos, Colorado and Guadalupe rivers. 40 lives were lost a on in property damage

occurred



e Sept. 8-10, 1921: 23.98 inches of rainfall fell over a period of 35 hours. Five to nine feet of water
stood at downtown San Antonio. 215 people were killed with $19 million in property damage

ay 24-31, 1929: 12.9 inches of rain fell over multiple rivers and caused substantial damage in
ston from overflow of bayous

e 30—July 2, 1932: flooding in the Nueces River and Guadalupe River watersheds

5, 1933: flooding from 22.30 inches of rainfall in east Texas resulted in $1.1 million in

36: 25.19 inches of rain caused the Concho River to overflow its banks and
in San Angelo, resulting in $5 million in damage and four deaths.

orical context that the Texas legislature created the San Jacinto River
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Figure 3. Jurisdictional Boundary of the SJRA in relation to the San Jacinto River Watershed
above Lake Houston and the Plaintiffs’ Properties



- SJRA’s Master Plan (1943)

nt of the San Jacinto River
ation District, the District
rrent flooding in the San
on'of the fertility of the land
uction of a series of flood
re 4), as well as widening the
aving also caused substantial
equent closure of the Houston

In its November 1943 Master Plan Report for the Full-Scale D
system within the boundaries of the San Jacinto River Conservation
acknowledged flood control as one of its “prime purposes and object
Jacinto River was noted to have caused loss of life and property and
in the watershed. To accomplish this objective, the plan prop
control dams upon the San Jacinto River and its principal tributari
channels of streams in the watershed. Uncontrolled flooding
damage to the lower stretches of the San Jacinto River, neces;
Ship Channel. Flooding in 1929 had resulted in the San Jacin nping large amounts of silt into
the Houston Ship Channel, preventing vessels from entering or le ‘the Port of Houston for five days.
In 1935, the report stated that silt deposits from flooding again closed the Ship Channel for three days. To
date, none of these flood control dams have been constructed.
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Figure 4 — Master Plan Map

- SJRA’s Original D Lake Conroe Dam for Flood Control/Water Supply

In the mid-1960s
Lake Conroe Dam as &/l
dam was to be atan_
surface elevation t
at 201 feet. ARC

d its engineers (Freese & Nichols, Inc. or FNI) originally design the
e dam, including both flood control and water supply. The top of the
22 feet above mean sea level (msl), with the maximum design water
feet, with the normal water surface elevation or conservation pool set
design would provide for the normal lake level of 201 feet, but then



allow for the capture and storage of incoming floodwaters behind the dam for the purpose of reducing
the risk of flooding downstream properties. Based on this design, the SIRA purchased land in the area
which would later become Lake Conroe, as well as flowage easements in the surrounding lands up to an
elevation of 207 feet above mean sea level (msl). ARCH 4025-26. They obtained these flowage
easements, recognizing that during major flood events, the lake level could exceed this 207-foot flowage
easement limit, and reach up to elevation 217 feet.

The San Jacinto River Authority applied for and received Permit 1962 (in 1960), which allowed it
to be able to construct this multi-purpose Lake Conroe Dam and to appropriate storm, flood, and
ppropriated waters of the West Fork of the San Jacinto River. The permit authorized the SIRA to
ermanently impound up to 380,430 acre-feet of water. The SJRA later obtained authorization to
> permanent impoundment capacity to 430,260 acre-feet, approximating the capacity of the
elevation of 201 feet (its conservation pool level). See Certificate of Adjudication 10-
illman Declaration.

is original design and its estimated cost, the City of Houston, as a partner with
gject, requested that the SIRA and its design engineers consider a

water supply only dam design, rather
Subsequently, the SIRA and its engine igned the Lake Conroe Dam to be a water supply only

lowered from 222 feet to elevation
reduced from 217 feet to 205 feet, whic
acre-feet to 520,050 acre-feet. Also, the type, ¢
structure was changed. ARCH 4025-26; ARCH 4

Construction on Lake Conroe Dam began in 1
October 1973. It is located roughly 50 miles north/northwes
seven miles northwest of Conroe, Texas. This Dam is comp

nuary 1973, and was filled by
ty of Houston and approximately

ien-filled embankment,
t above mean sea level.

Control of the lake level is from a spillway with its crest at elevation 172.66'%¢
40 feet in width by 30 feet in height, that have a top elevation of 202.5 feet
SJIRA Plea. According to a TWDB 2010 volumetric survey, at the conservation ¢
201 feet, the lake covers approximately 20,985 acres of water surface and has a storag
acre-feet.

- Description of the Lake Conroe and West Fork San Jacinto River Watersheds

The Lake Conroe Dam is located on the upper portion of the West Fork of the San Jacinto River
and has a watershed area of about 445 square miles, as depicted in Figure 5 below. The 90-mile-long
West Fork of the San Jacinto River has its upper portion above the dam flow south through Montgomery
County and western Sam Houston National Forest, feeding Lake Conroe. Downstream from Lake Conroe,
the West Fork San Jacinto River flows past the City of Conroe and through Montgomery and Harris
Counties, joining several creeks along the way. It then merges with the 69-mile-long East Fork of the San
Jacinto River at the northern rim of Lake Houston in Harris County, as shown in Figure 6.

10
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C. Origina Revised Gate Operating Procedures (GOP) for Lake Conroe Dam

- Original a ing Procedures (GOP)

Given that
control the level of tl
would come earlier and
plan for this dam need
what would have happen

roe Dam was now a water supply only dam, with a gated spillway to
p lake, it was important to recognize that the inflows to this dam
cussed in the USACE’s manual described above. Thus, the operating
for this so that flooding downstream would not be increased over
| conditions (i.e. without the dam).

The original gate o] edures were developed by SIRA’s design engineers, Freese &
Nichols, Inc. (FNI), who rec operating plan needed to account for this phenomenon so that
downstream flooding would n creased. Therefore, FNI's plan called for releases whenever the lake
elevation exceeded 201.0 feet msl, at an initial rate of 175 cfs (cubic feet per second) through one gate.
Every two hours the gate opening can be adjusted — raising one gate 0.2 or 0.3 feet, then two gates, then
four gates, then five gates, then increase all gate openings 0.1 foot at a time, until (1) outflow equals
inflow (excluding direct rainfall on the reserv ) outflow reaches 2,000 cfs, or (3) there are flooding
conditions downstream. Upon the occ any of those three conditions, the gate operating
procedures dictated that outflow or m the dam should not exceed 75% of the inflow to
the lake surface (since it excludes consideri ect rainfall onto the lake surface) until downstream
flooding recedes. The procedure further perator to maintain an outflow rate that reduces
the lake level down to a normal elevation without creating additional flooding downstream.
ARCH 11313-11325.

The inflow to the lake surface was to ng rainfall data from a series of gages installed
by the SJRA throughout the Lake Conroe waters f its ALERT system. /d. If rains of 4 inches or
P called for the dam operator to contact

the NWS for anticipated inflows into the res ir. Id. would allow the SIRA gate operator to
understand the inflows to be expected that wou ing the lake surface from rainfall that had
already occurred in the watershed above it. Eliminating the t rainfall onto the lake surface in this
inflow analysis avoided the short-term spikes of infl sociated with this rainfall (over about

30 square miles of lake surface) and provided a bett derstanding of the long-term inflows coming
from the majority of the upstream watershed of over 4(

- 1990 revision to GOP — CONGO software

In April 1990, SJRA retained FNI to develop a comg
information to predict inflows to the lake, and that could also
time to increase the accuracy of the results. ARCH 4719. SIRA
control system developed by FNI to make gate opening recom
including observed rainfall (from the SJIRA ALERT gage network), pre
elevations. Predicted rainfall and predicted gate openings could
made real-time predictions of rainfall-runoff from the Lake Conre nd a resulting inflow
hydrograph entering the lake surface for the inputted rainfall. CONG ded the input rainfall
and estimated rainfall excess for each gage, a listing of gate openin outflow and reservoir
elevation. Discharge was provided in both cfs and in acre-feet. program provided

program to use the ALERT system gage
ate rainfall runoff calculations in real-
*adopted CONGO, a software
based on various data inputs,
enings, and current lake

12



recommended gate openings to the gate operator to minimize potential flooding from incoming runoff.
ARCH 11326-11386.

For a lake elevation exceeding 201.5 feet msl, the program used the smallest calculated gate
opening that would keep the estimated peak reservoir level below a target elevation. The guidelines
within the CONGO system further provided that the outflow or release from the dam (i.e. discharge)
now to be limited to a maximum of 75% of the current inflow or past peak inflow from the current sto
whichever is higher. This change allowed for the releases to be higher than the inflows so lo
releases are still lower than the past peak inflow during that storm event. However, the sa
applied as before, including that such releases would not contribute to flooding dow
receding limb of inflows by not exceeding such inflows. ARCH 4719.

This 1990 Gate Operating Procedure was in place during the October 1994 s
20 inches of rain fell over the Lake Conroe watershed, along with heavy rai
Jacinto watershed and Harris County. This storm resulted in widespread flo

Counties), a tributary to the West Fork San Jacinto River. The estimated peak inflow to Lake Conroe during
this 1994 storm event was about 180,000 cfs. See Houston Chronicle article titled “Flood of 1994: History
could repeat itself;” SJRA Document titled “Flooding Fact er Than Rumors;” and The Courier of
Montgomery County article titled “The flood of 1994: Taki
Gate Operating Procedure, stored some of this inflo while releasing a peak outflow of
about 33,000 cfs. SJRA 1513962. Floodingin th curred during this storm event, and a
lawsuit was filed by Kingwood residents agai their flooding.

Following the Court’ wisuit involving the 1994 flooding in Kingwood, the SJIRA
directed its design engineers ~ the Gate Operating Procedures for Lake Conroe, even
though there was no info e old policy or procedures had any flaws (J. Houston Depo pgs.

81-82). SIRA instructe OP such that the peak outflow rate would not exceed the peak
inflow rate, while also one of SJIRA’s goals being to reduce the natural flow in the river
downstream of A Plea, Exhibit B, J. Houston Paras. 3 & 5). It should be noted that H. Olmos

with FNI state aware of anyone modeling what would happen if the dam had never been
built in s new GOP (H. Olmos Depo, pg 61-62).

eveloped in 2010 a new concept for establishing the inflows and associated gate
toring only the lake levels and releases in real-time, with no more calculating the inflow
t would be entering the lake from gaged rainfall data. ARCH 10988-11000 (September
peration Policy); Jace Houston Affidavit signed January 26, 2021. Instead, inflows would be
ed based on the change in lake levels and the current release rate using a spreadsheet to keep
k of this information. From this information, gate operations are recommended to the SIRA gate
perator, those being referred to as “target” gate openings, with “minimum” and “maximum” values
provided as well. The 2010 Gate Operating Procedures purportedly introduced flexibility to keep gates
closed up to a water elevation of 202.6 feet msl.

The 2010 Gate Operating Procedures are associated with this new spreadsheet concept, to be
filled out during a storm event and maintained by the SIRA. Lake water elevations are recorded at the

13



e spreadsheet calculates the average inflow rates based on the lake level
me lake level changes, the spreadsheet computes an estimated inflow rate, and
, generates recommended minimum, target, and maximum gate openings.
he gate openings is also provided in the spreadsheet.

recommended inte
inputs. Based on
with the current ga
Total estimated disc

The 1973 GO d by this new 2010 GOP, with every provision of the old GOP now
being replaced with impl this new 2010 GOP (J. Houston Depo, pgs. 81 & 97). In April 2017,
minor revisions were m the 2010 Gate Operating Procedures to give the operator more

flexibility in the gate opera ston Affidavit signed January 26, 2021.

October 1994:

Rainfall in southeast Texas, ranging from 8 to over 28 inches during October 15-19, 1994, caused
severe flooding in a 38-county area. Flooding was most severe in the San Jacinto River Basin along the
East and West Forks of the San Jacinto River a long Spring Creek. SJIRA 1468596.

The Kingwood area experienced m ding in October 1994. A storm event brought 20-25
inches of rainfall on the Lake Conro k San Jacinto River area. SJRA 16526-31; Houston
, repeat itself” (Pl 284-85); Affidavit of James Adams
signed May 2, 1996. Lake Conroe reache evation of 205.58 feet. SJRA 1513962 at PDF p. 17.

The previous record was 204.6 feet in Ma 725542 at PDF p. 6. Peak inflow into Lake Conroe
during a 1-hour period was 180,000 cfs. See SIRA Docuthent titled “Flooding Facts Rather Than Rumors.”
The maximum outflow from Lake Conroe w he USGS streamgage along the West Fork San

ake Conroe Dam and flows from Lake Creek,
ve median flow. West Fork San Jacinto River
e for most of Monday, October 17; and
nday, October 17, to Friday, October 21.

Jacinto River near Conroe, which includes
measured a streamflow of 92,000 cfs at a stage
overflowed its banks and inundated Interstate
Highway 59 near Humble was inundated and cla
SJRA 1468596.

A lawsuit was filed by Kingwood residents agg over their flood damages, claiming

their flooding was caused by the Lake Conroe release
Tropical Storm Harvey (August 2017):

Harvey formed as a tropical depression in the on August 23, 2017 and rapidly
intensified into a Category 4 hurricane. It made landfall n )rt Aransas on August 25. It subsequently
re-entered the Gulf and moved easterly. As Harvey moved inland again near Houston, its forward motion
slowed to near 5 mph. Rain bands on the eastern side of th Harvey moved into southeast
Texas on the morning of the 25" and continued into the resulted in flash flooding in the
overnight hours of the 26" in much of Harris County. Rainfall totals graphically. Areas south and
east of Houston received greater precipitation. League City, for i ved 49.84” of rain over a
five-day period, while Lake Creek received 25.50” and Spring Cre 48". Generally speaking,
Montgomery County received roughly 20” over a five-day period; o e upper West Fork San
Jacinto River Watershed recorded totals between 27-35”. Specifical ion gages at Lake Conroe
Dam recorded 20.60” of rainfall. Affidavit of Hector Olmos (at 9 34) y 22, 2021. Figure 7
below shows some of the rainfall totals.
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1. Scope of Investigation

The objective of this investigation is to determine if SIRA’s design, construction and/or
operation of the Lake Conroe Dam caused or contributed to the flooding of Plaintiffs’ properties
downstream of the Lake Conroe Dam during Harvey.

The first step was investigation of the extent and intensity of rainfall during Harvey on the San
Jacinto River Watershed. Data was gathered from SJIRA and other publicly available sources including the
rainfall gages maintained by the USGS.

Second, the rainfall-runoff response of the watershed during Harvey was analyzed. A rainfall-
runoff model was developed by a SIRA consultant, HDR, using the computer program HEC-HMS
(Hydrologic Modeling System), an open-source software developed and maintained by the US Army
orps of Engineers’ Hydrologic Engineering Center (HEC). The model computes discharge rates for basins
throughout the watershed from inputted rainfall.

ydraulic analysis was conducted using an HDR developed HEC-RAS computer model to
els along the San Jacinto River and major tributaries during Harvey. HEC-RAS
also developed by US Army Corps of Engineers’ Hydrologic Engineering Center.

reports that have been submitted by the SIRA in its Plea to the Jurisdiction as
well as relevant deposition testimony, dgcuments that have been produced during this litigation, and
open-source/publicly available data

he operation of Lake Conroe Dam during
Harvey and its effects on the flooding of p i of Lake Conroe Dam.

Iv. Methodology
A. Review of HDR Model Scenarios

SJRA’s consultant, HDR, conducted a number of hydrolog er modeling
analyses that have been included in the SJIRA Plea to the Jurisdiction th ,
well as in other cases involving flooding downstream of Lake Conroe Dam durin

The HDR modeling that was provided to us used the HEC-HMS model software to mode
rainfall-runoff process in the upper San Jacinto River watershed, as well as used the HEC-RAS mode
software to model the flow of water and its resulting water levels along the various creeks and river
segments below Lake Conroe, particularly in the area of the Plaintiffs’ properties. | have not fully
evaluated the accuracy of this HDR modeling, but an initial review indicates that the HDR model results
seem reasonable.

The 3 different model scenarios that were run by HDR in its modeling for the SJRA Plea and
discussed in Mr. Forest’s Affidavit (attached as Exhibit C to the SIRA Plea) are as follows:

1. Existing Conditions with Reported Releases from Lake Conroe (Existing)—

This scenario is essentially modeling what happened during Harvey, with inputting the
rainfall from Harvey into its HMS model above the dam, computing the inflow to the dam
and resulting water levels in the dam, inputting the reported releases from Lake Conroe
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Dam into the HDR’s HMS model below the dam, inputting the rainfall from Harvey into this
HMS model to compute the runoff from the watershed between the dam and that part of
the West Fork upstream of its confluence with Spring Creek, and then inputting the
resultant flow hydrograph at that location into the HDR’s RAS2D models below that location
to simulate the flows and water levels along the West Fork, East Fork, Spring and Cypress
Creeks and Lake Houston. This HDR RAS2D model setup is shown in Figure 9.

This RAS2D model setup actually is made up of 5 separate RAS2D models, with each model
covering a particular area {domain) of the San Jacinto River watershed below the Lake
Conroe Dam. However, HDR did not run any of its scenarios of releases from the dam
through all 5 of these 2D models in sequence; rather, HDR ran its 3 model scenarios (Existing
Harvey, Full Capture and Conroe only) through its HMS model past the dam and down to the
river’s confluence with Spring Creek, where HDR then ran the remaining 4 RAS2D models.
HDR later ran its 5" 2D model (from the dam to the confluence with Spring Creek), but used
output from the other 2D model runs to force-fit the results of this 5" 2D model. This 5% 2D
model run does not affect any of the Plaintiffs’ property results from the HDR modeling.
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Figure 9. HDR RAS2D Model Setup covering 5 domains for Area Between Lake Conroe Dam
and Lake Houston Dam and below.

The HDR’s HMS modeled inflows and reported releases from the dam during Harvey are
shown in Figure 10. The various spikes on the inflow hydrograph (in green) reflect rain on
the lake surface, with the peak being 106,000 cfs, while the main peak inflow is about
80,000 cfs, and the outflow hydrograph (in red) shows the peak outflow is about 80,000 cfs

17



also. HDR’s modeled inflows are lower than SIRA’s calculated inflows, but are considered
closer to the true values, according to M. Forest from HDR (M. Forest Depo pg. 119-120).

N //LAKE CONMROE/FLOW-COMBINE/25AUG20117/5MIN/... — | =
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Figure 10. HDR’s HMS modeled inflows$ ported outflows (red) for the Lake

Conroe Dam during Harvey

This scenario is the same as the above scenario except umed to be no

compared to the first scenario that was attempting to show what H
with releases from the dam as reported by SIRA. This scenario can also
what would have happened had the SJIRA built Lake Conroe Dam to also be
reservoir, as it was originally designed, which would have captured and stored
floodwaters up to its design level.

3. Existing Conditions with Lake Conroe Releases Only (Conroe Only) —
This scenario is intended to show what would have happened during Harvey if the only

water flowing downstream below Lake Conroe was the actual releases from this dam, with
no other inflows entering the river downstream in the Kingwood area.
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4. Existing Conditions with No Lake Conroe (No Conroe) in HEC-HMS only —

A fourth scenario, a No Dam scenario, was found in the HDR modelin
as part of the production of documents associated with the SJIRA Pleaj
not discussed in Mr. Forest’s Affidavit attached to the Plea. Surprisi
HDR and Mr. Olmos from FNI both testified in their depositions
anyone ever running a model scenario assuming No Lake Conrog
conditions). (Forest Depo, pg. 210-212; H. Olmos Depo, pg. rising since
one of the ideas of developing a GOP for this dam has alw
releases would not cause or contribute to downstream flo
happened under natural conditions {i.e. no dam). Noneth
provided any discussion or information about a No Dam sce
in HDR’s modeling.

er than what we found

This HDR scenario we found in its HMS modeling showed its hydrologic model setup as if
there were no Lake Conroe or dam, represe ondition in this watershed as if
this lake and dam had never been built. Th up is different than the HDR
model setup for the Existing Conditions wi Dam in place, as shown below in
Figure 11.

del setup for Watershed Area above Lake Conroe Dam: With Dam (Left) and
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B. Additional Model Scenarios Run under Original GOPs

In addition to the model scenarios run by HDR, we used the HDR models and ran two additional
model scenarios:

1. Existing Conditions with Modified Releases reflecting the Original GOP for Lake Conroe by
capping the maximum release rate at about 60,000 cfs (Mod X1) —

This scenario is the same as the first scenario run by HDR (Existing), except that we modified
the releases from the dam to be capped at about 60,000 cfs. This was done to represent the
original GOP for the Lake Conroe Dam where the releases were not to exceed 75% of the
peak inflow, not including the direct rainfall on the lake. HDR’s inflow hydrograph entering
the lake surface, without that direct lake rainfall, peaked at about 80,000 cfs. Therefore, the
reported releases from the dam that exceeded 79,000 cfs were capped at about 60,000 cfs,
as shown in Figure 12.
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Figure 12. Release Hydrograph from Dam following Original GOP (for Mod X1)

2. Existing Conditions with Modified Releases reflecting the Original GOP for Lake Conroe by
capping the maximum release rate at about 60,000 cfs and limiting outflows to no more
than inflows (Mod X2) —

This scenario is the same as the one above, except that we modified the releases from the
dam to not only be capped at about 60,000 cfs, but also capped them so that they did not
exceed the inflows on the receding side of the inflows, as shown in Figure 13.
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n of the 3 release scenarios (Existing, Mod X1 and Mod X2) are shown below in
the HDR modeled inflow hydrograph to the Lake Conroe Dam.
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Figure 13. Release Hydrograph ing Original GOP (for Mod X2)
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Figure 14. Comparison of Dam Releases for Existing (blue), Mod X1 (red) and Mod
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V. Findings, Opinions and Conclusions

A. Plaintiffs’ Properties

The Medina Plaintiffs’ properties in Harris County are located outside of the SIRA jurisdictional
boundary, which ends along the West Fork San Jacinto River where it meets Spring Creek, just
upstream of Hwy 59 in Humble, as shown in Figure 15. These Plaintiffs’ properties generally lie
along and within the 500-year floodplain of the West Fork, East Fork, Spring Creek and Lake
Houston. Mr. Diggs’ property is not located in any of these watersheds.
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Figure 15. Location of Plaintiffs’ Properties downstream of SJRA Jurisdictional Boundary
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B. Comparison of Different Model Scenarios

1. Existing Conditions vs No Release (Full Capture)

The two HDR model scenarios discussed in the SIRA Plea, particularly in its Exhibit C
containing Mr. Forest’s report and discussion of his modeling results, were tabulated for
comparison to see how much of an impact the reported releases from the Lake Conroe Dam had
on flood levels throughout the area of the Plaintiffs’ properties. Appendix B provides this
tabulation, which comes from Mr. Forest’s report, Table 2 Medina Plaintiffs’ Properties
Summary.

This tabulation shows the HDR modeled range of differences between the computed flood
levels from the Existing Conditions HDR model run and its Full Capture (No Release) model run
for all of the Medina Plaintiffs’ Properties. As can be seen from this table, the Lake Conroe Dam
release of over 79,000 cfs during Harvey caused around 2-4 feet of additional flood levels along
the West Fork and less than that along other waterways, such as the East Fork and around Lake
Houston. This increase in flooding is directly due to the Lake Conroe releases by SIRA during
Harvey, according to HDR’s modeling.

2. Existing Conditions vs No Lake Conroe Dam

was provided to us. HDR’s HMS model show
was modified from its Existing Conditions

om HDR’s HMS modeling of Harvey with No Lake Conroe Dam.

70,000
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Figure 16. Flow Hydrograph at Location of Dam Site from HDR’s HMS model of No Dam
Scenario
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Figure 17 shows the comparison between the flow hydrograph at the Lake Conroe Dam
site under the Existing Scenario (in blue) and the No Dam Scenario (in orange). As you can see,
the HDR modeling of the No Dam Scenario shows the peak flows of around 70,000 cfs occurring
at about the same time as the reported releases from the dam during Harvey of about 80,000
cfs. This indicates that there would have been less flooding downstream under the No Dam
Scenario on Plaintiffs’ properties.
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3. Existing Conditions vs Modified GOPs

We ran two additional scenarios using HDR’s modeling to demonstrate the reduction in
the releases from the dam based on modifying the GOP for the release of water from the Lake
Conroe Dam in accordance with the SIRA original gate operating procedures prior to the 2010
GOP based on the FNI spreadsheet, as discussed above. The first modification (Mod X1)
involved capping releases at about 60,000 cfs, while the second modification (Mod X2) involved
the same cap on releases, but also not allowing the releases to exceed inflows on the receding
side of the inflows. The results of these two scenarios as compared to the Existing Conditions
releases are shown in Figure 14 above. These results indicate that had SJRA followed its
original GOP (1973/1990), rather than its 2010/2017 GOP, there would have been less water
being released from the dam and therefore less flooding downstream on Plaintiffs” properties.
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C. Opinions and Conclusions

Based upon my education, experience and expertise, my review and analyses of
modeling and documents described herein and my analyses set forth above, my
conclusions include the following:

The 2010/2017 GOP policy was to provide that the peak outflow (releas
than the peak inflow during the same storm event, supposedly: ' ith court
rulings. Having a policy that the peak outflow from a dam will ak inflow to
a dam does not guarantee that downstream flooding will not be he question is
“not being increased as compared to what?” It should be as com 1atural conditions,
meaning that dam operations should not cause increased flooding as compared to having no
dam (natural conditions). If the peak inflow being used to compare to the peak outflow is the
peak inflow with the dam in place, then the peak outflow needs to be much smaller than the
peak inflow, since the peak inflow has been inc ed due to the existence of the dam, as
recognized in the US Army Corps of Engineer’s Man

when the peakinflow is being computed to ing irect all onto the lake surface, which
causes spikes in the inflow rate (as shown short period of time. These spikes
can create a peak inflow that does not r : majority of the inflows entering the
lake, so that if those are used to me ny peak outflows, those outflows could

easily produce increased flooding dg yddition, the peak inflow that should be

ow (rather than the majority of the peak inflows
ng of these releases as compared to what would

conditions) and using th
from the rest of the wat;

inal GOP for Lake Conroe Dam didn’t include the rainfall onto the lake
eliminate such spikes and to get a better estimate of the inflow volume
_SIRA’s new 2010/2017 GOP included these spikes in its calculation of
ed the peak spike to claim its peak inflow was about 130,000 cfs and therefore
of about 80,000 cfs was far less than that peak inflow, about 60%. Had SJRA
piked peak inflow but the peak inflow from the vast majority of the watershed,
ng direct rainfall on the lake surface, that peak inflow was about 100,000 cfs, such
0% of that would be about 60,000 cfs.

claimed that the presence of the dam and gate operations reduced the peak flow that
uld otherwise have occurred by about 37%, by comparing the peak inflow of about
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130,000 cfs to the peak outflow of about 80,000 cfs (E a, Olmos para. 35). This is
misleading, as what would have otherwise occurre referring to the natural
conditions without the dam. Mr. Olmos testified tha t aware of anyone running a
No Dam scenario to determine what would have uring Harvey without Lake
Conroe Dam. HDR’s No Dam scenario showed a pe bout 70,000 cfs at the dam.

SJRA’s gate operating procedures for Lake Conroe Darr
caused or exacerbated the flooding, flood effec
Plaintiffs’ properties as identified herein, based o
Appendix B herein as taken from Table 2 of Mr.
Conditions Harvey scenario with the Full Cap
modified runs based on the original GOP.

water releases during Harvey
and destruction of each of the
R modeling results, shown in
report, comparing the Existing
release) scenario, as well as the

SJRA’s design and operation of Lake Conroe and i during Harvey caused or exacerbated
the flooding, flood effects, damage and des each of the Plaintiffs’ properties as
identified herein, based on the HDR mode 's, shown in Appendix B herein as taken

the Full Capture (No release) scenario, as odified runs based on the original GOP.

The flooding or exacerbated flooding o damage and destruction of each of the
Plaintiffs’ properties as identified here have occurred under the same rainfall
conditions during Harvey had the La am not been constructed (i.e. natural
conditions), based on the HDR modeling.of the N6'Dam scenario. The timing of the peak flow
without the dam is the same as the ti
was about 10,000 cfs less, meaning th
have been less without the dam.

The peak flood waters arrived at perties quicker and with less warning than
would have occurred under natural conditions (No Dam). The No Dam Scenario showed a
more gradual rise in flows being passed downstream at the dam site as compared to the
reported releases from the dam during Harvey.

perty during Harvey with higher flow rates than
would have occurred under ions (No Dam). The Existing Conditions Scenario
had dam releases peaking at about 80, cfs, whereas the No Dam Scenario had a peak flow
of about 70,000 cfs. This wo n lower peak flow rates downstream of the dam in the
vicinity of the Plaintiffs’ pr flood waters at Plaintiffs’ properties being deeper
than they would have been | conditions (No Dam).

The flood waters arrived at P

The flooding or exacerbated
Plaintiffs’ properties as iden

r flood effects, damage and destruction of each of the
rein would not have occurred under the same Harvey
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rainfall conditions if SJRA had followed its original pre-2010 gate operating procedures, based
on the modified runs using HDR’s modeling.

The flooding or exacerbated flooding or flood effects, damage and destruction of each of the
Plaintiffs’ properties as identified herein would not have occurred under the same Harvey
ainfall conditions if SJRA had constructed a flood control lake as originally authorized and
designed, based on HDR’s Full Capture model scenario which showed the Lake Conroe Dam
ve held all of the inflows with no releases and have the lake reach a level of about

of Kendrick’s properties. Every:
having been impacted by the L L

rty is immediately adjacent to the mapped 500-year
floodplain of the West Fork Jaci just downstream of Hwy 59/69 in an area where

the mapping is approximate. O

Mr. Forest’s tabulation of the Medin i erties does not include the Dean’s
property at 2838 Cotswold Manor Drive Set Tx 77339, and the Sunker’s
property at 1915 Forest Garden Dr., Kingwood,. of these properties lie well
within the 500-year floodplain of the West Fork San r and were impacted by the
releases from the dam during Harvey.

It is likely that the Plaintiffs” properties will continue to floo
current design and operation of the Lake Conroe Dam. If future heavy in the upper
San Jacinto River watershed, including above Lake Conroe, and if
its dam like it did during Harvey, then one should expect simi
downstream.

The Harvey rainfall that fell over the West Fork of the San Jacinto River watersh
that which fell over the Lake Conroe watershed, was foreseeable given a similar
rain fell during the 1994 flood event. This Harvey flooding approximated a 500-yea
level in the Kingwood area, according to Mr. Forest, which is a foreseeable event. Are
between the 100-year floodplain and 500-year floodplain are considered to be in a
“Moderate Flood Hazard Area”, according to FEMA.
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My name is Dr. Philip B. Bedient. My date of birth is January 13, 1948, and my address is
10014 Bayou Glen Rd., Houston, Texas 77042. | declare under penalty of perjury under the laws
of the United States and the State of Texas that the foregoing information is true and correct.

Executed this 15 day of August, 2022, in Harris County, Texas.

JO%Be 0

Dr. Philip B. Bedient
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Philip B. Bedient, Ph.D., P.E.
Curriculum Vitae

ADDRESS:

Chair & Herman Brown Professor of Engineering
Department of Civil and Environmental Engineering
University/MS - 317

in St. / Houston, Texas 77005

953 or fax (713) 348-5239

ient(@rice.edu

EDUCATION:
B.S. Physics, Universi
M.S. Environmental E
Ph.D. Environmental Eng i iversity of Florida, 1975

PROFESSIONAL EXPERIENCE:
Chair — Department of Civil and Env ing, Rice University, Houston, TX —
July 2019 to present
Herman Brown Professor of Engineering -
University - July 2001 to present.
Professor - Environmental Engineering - Rice Un
Professor and Chair - Department of Environmental S
Houston, Texas, 1992 - 1999.
Associate Professor - Environmental Engineering — 1980 - 1986.
Assistant Professor - Environmental Engineering — 1975 - 1980.

ntal Engineering - Rice

986 to 2001.
ce and Engineering, Rice University,

SCIENTIFIC SOCIETIES:
American Society of Civil Engineers
American Institute of Hydrology
American Water Resources Association
Association of Environmental Engineering Professors
American Academy of Water Resources Engineers
American Geophysical Union

HONORS:
Diplomate - Water Resources Engineer, American Academy of Water Resources Engineers (2008)
C.V. Theis Award from the American Institute of Hydrology (April 2007)
Fellow — American Society of Civil Engineers (April, 2006)
Endowed Chair — Herman Brown Professor in Engineering (July, 2001)
Shell Distinguished Chair in Environmental Science (1988-93)
Phi Beta Kappa
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PROFESSIONAL COMMITTEES:
Chair MAAPNEXT technical Advisory Committee to Harris County Floo District —
Advising on the remapping of floodplains in Harris County, TX, 2
Chair, Flood Risk Management (InFRM) Academic Council the USACE,
USGS, and NWS on important hydrologic technical exch
Galveston Bay Park Plan — planning committee for enviro
2020-2022
Expert Panel — “Impacts of Climate Change on Transportatio frastructure in the
Gulf Coast” USDOT and USGS, 2005 - 2006
TS Allison Recovery Project ~ Technical Advisory Committee -
Harris County Flood Control District - Brays Bayou Fed 1998- 2002
UNIVERSITY COMMITTEES:
Engineering Chairs Committee
Dean Review Committee — Department of Archite
Undergraduate Curriculum Committee, 2005-202
Accreditation (ABET/SACS) Committee, 2005
Events and Reception Committee (Chair) 2012
Mentorship Committee 2012
Space Planning Committee, 2005-2020
BSCE Advisor 2007-2020

LICENSES:
Professional Engineer, State of Texas
Professional Hydrologist, American

RESEARCH INTERESTS:

Flood & Surge Mitigation As the
University (since 2007) Dr. team of five universities and 15 investigators from Gulf
Coast universities dedicatedito improving storm prediction, education, and evacuation from
disaster. The Center was approved by the Texas Legislature and has been funded at over $9.0
million for 8 years from the Houston Endowment (Hurricane Ike Lessons Learned and Future
Steps). A book, “Lessons from Hurricane Ike” was published by TAMU press in June 2012. The
SSPEED Center has taken a umque approach to surge mitigation by addressing in bay residual
surge impacts relat anes in the Gulf.

Flood Alert Systems wi evelopment of a real-time flood ALERT system (FAS4) for Brays

igal Center in Houston, TX has been completed. The FAS4 currently
cation to flood prediction and real-time flood alert systems. TMC,
d FAS improvements from 1998 thru 2010. Analysis of the severe storm
d areas has been completed using radar rainfall data, combined with GIS
in and hydraulic modeling in Houston and other coastal areas in Texas.

uses NEXR
FEMA, and
impacts in urb
technique

The system rfectly during Harvey in Houston. In October 2020 Dr. Bedient received
a grant to lood information response systems for four watersheds in Houston,
with radar used to predict inundation at selected critical facilities.
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ing - Monitoring and modeling of radar rainfall and associated hydrology using
d models such as HEC-HMS and HEC-RAS as well as distributed models such as VFLO
These models have been used to model watersheds all over the U.S. and in flood related
s. These models have been used for assessing impacts from Hurricane Harvey, the largest

and Watershed Analysis
Design Laboratory
f Civil and Environmental Engineering

rces Planning and Management (50%)
ince 1975

CEV

CEVE -
CEVE 415/515 - W
20 Ph.D. and 70

RESEARCH STATEMEN

. Prediction, Education and Evacuation from Disasters

it entered its 11th year with funding exceeding $9.0 million since
ducation related to protection strategies for severe
PEED received funding from both public and

Dr. Bedient continues to direc
(SSPEED) Center at Rice Uni
2009. The SSPEED Center focu:
storm flooding and hurricane-related s
private institutions to improve flood w

In 2020, Dr. Bedient's research team consiste nior researchers and 6 graduate students (1 at the
PhD level). A number of new papers were co-a
search including storm surge analysis
in Galveston Bay, storm surge levee and gate desig warning system and flood mitigation,
and the impact of major flooding in Houston. A number e
from Hurricane Harvey with funding from the TMC ($9 reater Houston Flood Mitigation

Team ($350,000), and Texas A&M University ($160,000).

The City of Houston Health Dept (HHS) funded Dr. Bedient fi jor research relating to COVID
($230,000 from the COVID related Cares Act). The research involved developing advanced hydraulic
models to track travel times to 39 waste water treatment plants throughout Houston. Statlstlcal analyses
were used to better understand these dynamic relationships. In 2020 Dr. Bedien $730,000 to
develop flood information response systems for four watersheds in Houston infall used to
predict inundation at selected critical facilities.

In 2019, Dr. Bedient joined and later became chair of the Interagency Flood
Academic Council that advises the USACE, USGS, and NWS. The Council will r
Texas General Land Office on upcoming Harvey mitigation projects. He continue

Dr. Bedient has worked extensively in Flood Alert Systems for the past twenty years, and
expand flood warning technology throughout the region. The Texas Medical Center’s Flogd
is one of the best and most accurate in the U.S. and has resulted in over 1.9 million in funding ove
last decade. Recent funding is also provided by the TX Water Development Board.
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In 2018-21, the SSPEED Center and its researchers were featured in local and nationa
year, including television, print, radio and online sources. SSPEED has also pro
milestones and notable events through our website, sspeed.rice.edu, and by distributin etters. Dr.

Bedient had 2500 media hits in the post Harvey era, indicating his strong desire to the
public.
SURFACE WATER PROJECTS (since 2000)
“Measuring, Mapping and Managing Flood Risk: A Pilot Program in
University, $160,000, January 2019 — December 2020
City of Houston COVID funded “Flood Information Respon ,000, June to Dec 2020,
“Cypress Creek Watershed Analysis of Flooding & Storage Opti ater Houston Flood
Mitigation Consortium, $121,912, September 2018 — A
“Greens Bayou Watershed Analysis and Resiliency Proposal” - Greater Houston
Flood Mitigation Consortium, $233,088, August 2018 — Nov: 019
“Center to Rebuild Texas” TAMU and the Gov $175,000, April 2018 — July 2019.
“Analysis of Federal Project Residual Flood A ouston Flood Consortium, $130,000,
Jan — Aug 2018.
“FAS4 - Operational Support” — Texas M 6,000 per year, Oct 2017 — present
Flood Warning System for White Oak Ba y Kinder Inst at Rice U. $75,000 for 2017-18

“SSPEED Center Proposal to the Ho

Surge Mitigation Strategies, 2017~ Endowment, $1,000,000.

0,000 for one year. 2015-2016.
NSF PIRE award “Coastal Flood Risk Reduction Program: Integreated, Multi-scale Approaches for

Understanding how to Reduce Vulnerability to Damaging Events, (2015-2020), $100,000 per year for
5 years shared with Jamie Padgett. (50%). (Dutch Exchange Program for students).

Shell Center Award " of Coastlines: Population Development, Infrastructure Security, and
Morpohological Dy Jpper Texas Gulf Coast” (2014-2016). With others ($20,000).
“SSPEED Cent ouston Endowment 2014-2017,” Houston Endowment $3,200,000.
Last year fundi

“SSPEED Ce
2011-2014, §.

the Houston Endowment Coastal Integrated”, Houston Endowment,

ort”, Texas Medical Center, 2012-2017, $96,000 per year for 5 years.
nd research related to TMC Flood Alert System Analysis
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“Urban Resilience: Flooding in the Houston-Galveston Area”, Kinder. 2009-2012, $240,003

“White Oak Bayou BMP Demonstration Project — Cottage Grove Subdivision”, City of Houston, 2009-
2013, $165,000.

“Residential Storm Surge Damage Assessment for Galveston County”, Texas General Land  Office
(GLO), 2012-2013, $100,000

“Rice University FEMA: Food Analysis”, Rice, 2011-2012, $70,000

“Amendment to Expand Development and Validation of the Online Storm Risk Calculator Tool for
Public Usage”, City of Houston, 2011, $388,030

“Hurricane Tke: Lessons Learned and Steps to the Future”, Houston Endowment, 2009-2012,
$1,250,000

“Libya AEL Training Grant”, AECOM, 2008-2010. $1.7 million over 2 years.

“CASA — Collaborative Adaptive Sensing of the Atmosphere — the Houston Testbed”. NSF, 2003 —
2009, $110,000, ($90,000 for 2006-07).

“FAS2 - Operational Support”, Texas Medical Center, 2003-2012, $69,000
“Flood Alert System (FAS2) for the Texas Medical Center and Brays Bayou”. FEMA, 2002-2003,
$300,000.

“Multi-Purpose Water Management Technology for the Texas Mexico Border”, Advanced Technology
Program, 2000-2001, $129,000.

“Analysis of Clear Creek Watershed,” Galveston Bay Preservation Foundation, 1999-2000, $15,000.

“Flood Alert System - Maintenance and Support”. Texas Medical Center, 1998-2002, $271,000.

34



GROUNDWATER PROJECTS (SINCE 1990)

“A Large-Scale Experimental Investigation of the Impact of Ethanol on Groundwater Contamination”,
(P.J.J. Alvarez — Co-P.I.) American Petroleum Institute, 2004-2007, $120,000.

“A Large-Scale Experimental Investigation of Impact of Ethanol on Groundwater Contamination”,
Gulf Coast Hazardous Substances Research Center, 2004-2005, $45,000.

“A Large-Scale Experimental Investigation of Impact of Ethanol on Groundwater Contamination”,
Gulf Coast Hazardous Substances Research Center, 2003-2004, $95,000.

"Chlorinated Solvent Impact and Remediation strategies in the Dry Cleaning Industry”, Gulf Coast
Hazardous Substances Research Center, 2000 — 2003, $149,400.

"Design Manual for the Extraction of Contaminants from Subsurface Environments", Environmental
Protection Agency, 1994-2002, $4,500,000.

guished Chair in Environmental Science, Shell Oil Company Foundation, 1988-1993,

TE SITE PROJECTS (since 2000)

2001 The Dickso
2002 Celanese Engineering
2002 GB Biosciences, Houston, TX
2003 DOW Plaquemine, LA

2004 Ciba-Geigy, Mclntosh, AL
2004 Amoco, Independence, MO

2004 Olin-Geigy, McIntosh, AL

2006 Crazy Horse Landfill, Monterey County, CA

2008 Mid-Valley Sanitary Landfill, Rialto, CA

2010 Pratt-Whitney, West Palm Beach, FL.

2013 Monsanto, Mystic River, MA

2013 San Jacinto River Waste Pits, San Jacinto River, TX
2015 LCP Chemicals Site, Brunswick, GA

2015 North Carolina Steam Stations, NC
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A. Books or Related Chapters (since 2000)

1. Bedient, P. B. and Huber, W. C. (2018). “Hydrology and F
Pearson, January 2018, 760 pages.

lysis”, 6th Ed.

2. Fang, Z., Sebastian A., and Bedient, P.B. 2014. “Modern ediction and Warning
Systems.” Handbook of Engineering Hydrology: Fundamenta lications (Chapter 21),
Vol. 1, Taylor & Francis Inc. ISBN-10:1466552417.

3. Bedient, P. B., 2012 “Lessons learned from Hurricane I, ilip Bedient. College Station,
TX: Texas A&M University Press, College Station, TX

deling Remediation of Chlorinated
mes, Chapter 6, H.F. Stroo, C.H.

4. Rifai H.S., Borden R.C., Newell C.J. and Bedie
solvent plumes” In Situ Remediation of Chlori
Ward Editors, Springer, N.Y. 2010, 145 pp.

5. Fang, Z., Safiolea, E., Bedient, P.B. (200
Houston.” In Chapter 16, Coastal Hydro
Xu, Water Resource Publications, LLC

lood Alert and Control Systems for
sses, Ed. By Vijay P. Singh and Y. Jun

6. Capiro, N.L. and Bedient P.B. "Tra of Reactive Solute in Soil and Groundwater” The
Water Encyclopedia (2005): 524-

7. Horsak, R.D., Bedient, P.B., Thc
Forensics (2005).

8. Thompson, J.F. and Bedi
Engineering Handbook, C

n Storm Water Design and Management,” The
CRC Press, 2004, 21 pp.

B. Peer Reviewed Journal Publications (since 2000)

1. Garcia, M.; Juan, A.; Bedient, P. Integrating Reservoir Operations and Flood Modeling with
HEC-RAS 2D. Wat ,2259.

A. et al. Characterizing spatiotemporal trends in extreme
at Hazards (2020). https://doi.org/10.1007/s11069-020-04235-x

2. Fagnant, C., Gori,
precipitation in

3. . A., Capshaw, K. M., Padgett, J. E., Meidl, R. A., Hassanzadeh, P.,
ent, P. B. (2020). Hurricane risk assessment of petroleum
ing climate. Frontiers in Built Environment, 6 doi:
4
4. lliott, J., Padgett, J., Loughran, K., Bedient, P., Panakkal, P., and Juan, A.

ecovery Assessment of Houston’s Roadway Network due to Fluvial Flooding
arvey." Natural Hazards Review, Vol. 21, Issue 2 (2019/May). DOLI:
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