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Daniel H. Charest and E. Lawrence Vincent, Burns Charest LLP, Dallas, Texas, Charles
Irvine, Irvine & Conner PLLC, Houston, Texas, and Edwin Armistead Easterby, Williams Hart
Boundas Easterby, LLP, Houston, Texas, Co-Lead Counsel for Upstream Plaintiffs. With them
at trial were Vuk. S. Vujasinovic, VB Attorneys, PLLC, Houston Texas, Lawrence G. Dunbar,
Dunbar Barder, P.L.L.C., Houston, Texas, Jack E. McGehee, McGehee, Chang, Barnes,
Landgraf, Houston, Texas, Michael J. Dulaney, Sullins, Johnson, Rohrbach & Magers, Houston,
Texas, Lydia A. Wright, Burns Charest LLP, Dallas, Texas, Mary Conner, Irvine & Conner,
LLC, Houston, Texas, Kyril V. Talanov, Houston, Texas, and Hilary S. Greene, Houston, Texas.

William Shapiro, Trial Attorney, Environmental & Natural Resources Division,
United States Department of Justice, Sacramento, California, for defendant. With him at trial
and on the briefs were Kristine S. Tardiff, Laura W. Duncan, Sarah Izfar, Jessica Held, Bradley
L. Levine, David L. Dain, and Mayte SantaCruz, Trial Attorneys, Environmental & Natural
Resources Division, United States Department of Justice, Washington, D.C. With him on the
brief was Lawrence VanDyke, Deputy Assistant Attorney General, Environmental & Natural
Resources Division, United States Department of Justice, Washington, D.C.

OPINION AND ORDER
LETTOW, Senior Judge.

This case brings to the court the occasionally recurring question of the extent and the
nature of government-induced flooding on private property necessary to rise to the level of a
Fifth Amendment taking of a flowage eastment. Particularly, this post-trial decision assesses
whether the government may be liable to private property owners in the Houston, Texas
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metropolitan area for takings compensation following Tropical Storm Harvey.! Thirteen
property owners were selected to serve as bellwethers for the hundreds of property owners who
have filed suit raising similar claims against the government.

After making landfall in August 2017, Tropical Storm Harvey (“Harvey”) doused
Houston with an average of 33.7 inches of rain over a four-day period. Many properties,
including over 150,000 homes, flooded during the storm. Those affected included private
property owners within the Addicks and Barker Reservoirs, west of Houston, upstream of the
federally designed, built, and maintained Addicks and Barker Dams. During Harvey, the
Addicks and Barker Dams collected storm water in their respective reservoirs causing properties
within the reservoir to flood from the impounded water. At issue in this bellwether trial is the
liability of the government under the Tucker Act, 28 U.S.C. § 1491, and the Takings Clause of
the Fifth Amendment of the Constitution, for the damage to thirteen of these properties.?

The thirteen bellwether properties are representative of the hundreds of owners of
“upstream” properties who brought suit against the United States in this court after Harvey. The
property owners claimed that the United States was liable to them for an uncompensated taking,
that is, the government-controlled inundation of their properties by the impounded floodwater
from Harvey. The first complaint relating to Harvey and the Addicks and Barker Dams was filed
on September 5, 2017. See Y and J Props., Ltd. v. United States, No. 17-1189L. Hundreds of
such cases followed. Using case management techniques comparable to those employed in
multi-district litigation, the Chief Judge of the court issued Management Order No. 1,
consolidating these cases, and all related later-filed cases, within one master docket. See In re
Addicks and Barker (Texas) Flood-Control Reservoirs, No. 17-3000L; Y and J Props., Ltd. v.
United States, 134 Fed. Cl. 534 (2017). The Chief Judge then bifurcated the issues of liability
and damages, initially setting a schedule to deal with liability. See Order Regarding Judicial
Assignment and Scheduling (Nov. 20, 2017), Master Docket No. 17-3000L, ECF No. 70.
Subsequently, the Chief Judge divided the Master Docket into two sub-master dockets, see In re
Addicks and Barker (Texas) Flood-Control Reservoirs v. United States, No. 17-3000L, 2017 WL
6334791 (Fed. Cl. Dec. 5, 2017)—one for downstream properties, In re Downstream Addicks
and Barker (Texas) Flood-Control Reservoirs, Sub-Master Docket No. 17-9002L, and, pertinent
here, one for upstream properties, In re Upstream Addicks and Barker (Texas) Flood-Control
Reservoirs, Sub-Master Docket No. 17-9001L.

When Harvey first made landfall on the Texas mainland on August 26, 2017, it was
classified as a Category 4 hurricane. See Eric S. Blake & David A. Zelinsky, Nat’l Hurricane
Center, Tropical Cyclone Report: Hurricane Harvey 3 (January 23, 2018), available at
https://www.hsdl.org/?view&did=807581. But “Harvey rapidly weakened over land to a tropical
storm” within the first twelve hours and to a tropical depression by August 30, 2017. Id.
Because the majority of the five-day downpour that the Houston area experienced coincided with
Tropical Storm Harvey, the opinion will use this designation.

2The named defendant, the United States, is representative of all relevant government
actors, including the United States Army Corps of Engineers (the “Corps”). Thus, references to
the “United States,” the “government,” and the “Corps” all refer to defendant and its collective
entities and actions.
2
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Since the division, proceedings have moved apace in the upstream docket. In the spring
of 2018, thirteen plaintiff properties were designated to serve as bellwethers for the cases.® In
February 2018, the government filed a motion to dismiss under the Rules of the Court of Federal
Claims (“RCFC”) 12(b)(1) for lack of subject-matter jurisdiction and 12(b)(6) for failure to state
a claim upon which relief can be granted. See Motion to Dismiss (Feb. 16, 2018), Sub-Master
Docket No. 17-9001L, ECF No. 59. Although the court made some preliminary rulings in
addressing that motion, resolution of the government’s motion to dismiss was deferred until trial,
pursuant to the court’s authority under RCFC 12(i), in light of the fact-intensive inquiry this case
required. See In re Upstream Addicks and Barker (Texas) Flood-Control Reservoirs, 138 Fed.
Cl. 658, 672 (2018).

A ten-day trial was held in Houston, Texas, commencing on May 6, 2019, regarding the
liability of the United States for the thirteen test properties. During the course of trial, on the
afternoon of May 8, 2019, the court conducted a site visit of the dams that included the spillways
and end points of both dams as well as the drainage canals that feed into the reservoirs, as well as
seven of the test properties. Following post-trial briefing, see Plaintiffs’ Post Trial Brief (“Pls.’
Br.”), ECF No. 235; Defendant’s Post Trial Brief (“Def.’s Br.””), ECF No. 242; Plaintiffs’ Post
Trial Brief Reply (“Pls.” Reply”), ECF No. 246, the court heard closing arguments on September
13, 2019, in Washington, D.C. The issue of liability pertaining to the thirteen test properties and
the government’s motion to dismiss are ready for disposition.

Overall, based on the facts and circumstances at hand, the government’s motion to
dismiss is denied and the court finds the government to be liable for a taking of a flowage
easement on the properties.

FACTS*
A. The Addicks & Barker Flood Control Project

1. The impetus for flood control measures.

Buffalo Bayou originates in eastern Waller County and western Harris County and flows
in a generally eastward direction through a circuitous channel approximately 75 miles long.

30Originally, the court directed the parties to come to an agreement on ten test properties.
See Case Mgmt. Order (Feb. 1, 2018) at 2-3, Sub-Master Docket No. 17-9001L, ECF No. 37. At
the behest of the parties, the number was later increased to fourteen properties. See Order
Approving Test Prop. Selection (Mar. 13, 2018), Sub-Master Docket No. 17-9001L, ECF No.
91. One of these fourteen plaintiffs voluntarily dismissed his suit, see Notice of VVoluntary
Dismissal (Aug. 24, 2018), Sub-Master Docket No. 17-9001L, ECF No. 136, and therefore
thirteen plaintiff test properties remain.

*This recitation of facts constitutes the court’s principal findings of fact in accord with
RCFC 52(a). Other findings of fact and rulings on questions of mixed fact and law are set out in
the analysis.
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Joint Stip.  84.5 After its confluence with South Mayde Creek in western Harris County, the
bayou winds through downtown Houston, where it converges with the White Oak Bayou and
continues east, eventually reaching the Houston Ship Channel and pouring into San Jacinto Bay,
Galveston Bay, and the Gulf of Mexico. Joint Stip. 11 84, 85. The city of Houston is situated at
the confluence of the two bayous and at the base of a fan-shaped system of streams that flow
through a flat and “almost featureless plain,” contributing to the creation of a major flood hazard
in the region. JX5 at 4. For much of the year, little or no water flows through the narrow
streams in the Buffalo Bayou watershed, but during heavy rainfall the small stream channels
cannot hold the water and “a general overflow along the banks” results. JX5 at 5. The soil
composition in the region and the foliage it supports do not allow much water seepage and result
in exceedingly poor natural percolation and drainage. See id. at 4-5. Close proximity to the Gulf
of Mexico yields regular hurricanes and tropical storms, rendering the region susceptible to
especially heavy rainfall events and attendant flooding. See Tr. at 614:7-23 (Test. of Jeff
Lindner).” Due to this combination of factors, between 1854 and 1935 six major floods
occurred in the Buffalo Bayou watershed, including the City of Houston. JX5 at 6. Two
particular storms and the flood devastation they created, one in May 1929 and the other in
December 1935, prompted congressional action that led to the construction of the Addicks and
Barker Dams. Joint Stip.  81.

In May 1929, a storm (“the 1929 storm”) produced rainfall ranging from six to twelve
inches over the White Oak Bayou and Buffalo Bayou basins, causing flooding in downtown
Houston and resulting in property damage within the city of $1,392,000. Joint Stip. § 82. About
six years later, in December 1935, another storm (“the 1935 storm”) produced three days of
rainfall dropping approximately fifteen inches throughout the basin. Joint Stip. § 83. That storm
generated flooding that killed eight people and caused property damage estimated at $2,528,000.
Joint Stip. 1 83.

The real possibility of a storm even larger than these events raised serious concern. The
Corps noted in its 1940 Definite Project Report about the then-proposed dams that the Buffalo
Bayou watershed was situated “in an area subject to all of the circumstances making possible
large storms.” JX5 at 7.8 That same report stated that had the 1935 storm centered directly over

°0n April 23, 2019, the parties entered into stipulations of fact “for the purposes of the
trial of the thirteen claims in the Upstream Sub-Docket only, and [specifying that the
stipulations] are not intended to be binding as to any other claim that falls within Master Docket
No. 17-3000L, the Upstream Sub-Docket No. 17-9001L, or the Downstream Docket No. 17-
9002L, or in any other action or proceeding.” Stipulations of Fact for Trial at 1, ECF No. 211.
The stipulations number 116 and will be cited as “Joint Stip.” followed by the paragraph number.

®Citations to plaintiffs’ exhibits are identified as “PX___,” defendant’s exhibits are
identified as “DX__ ,” and the parties’ joint exhibits are identified as “JX .

"The transcript of the trial will be cited as “Tr. __ :  ;” showing the pertinent page and
line number and the name of the pertinent witness.

8The Definite Project Report was issued in 1940 in connection with plans to construct the
Addicks and Barker Dams.
4
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the basin—rather than where it did over Westfield, Texas, about eighteen miles from Houston—
it would have resulted in even more severe flooding. See id. Nor was there any “evident
meteorological reason why the storm could not have centered over the basin.” Id. It was also
recognized at the time that, due to the topographic and meteorological features of the region, any
flood control system constructed for Houston could be subjected to storms equal to any of record
in Texas, and greatly in excess of any so far experienced over the basin. See id. “[O]nly
chance,” the Corps observed, had “prevented the occurrence of a storm over the basin much
larger than the 1935 storm.” Id. The largest rainfall of record in the United States at the time
Addicks and Barker were constructed occurred only ninety miles northwest of Houston at
Hearne, Texas in 1899—under meteorological conditions that the Corps noted “could be
approximated closely over the Buffalo Bayou watershed.” Id. The Hearne storm generated a
maximum 31.4 inches of rain in a period of three days, with an average depth over an area of
1,000 square miles of 25.8 inches. PX777 at 4. A hydrology report prepared by the Corps in
1938 concluded that the 1899 Hearne storm was the “maximum probable storm” that might arise
over the Buffalo Bayou watershed, also noting that should such a storm occur the average
rainfall would be “almost twice the average of 15 inches that produced the record flood of 1935.”
JX5 at 8. While conceding that the probability of the occurrence of a storm as severe as the
Hearne storm in the Buffalo Bayou basin was “very remote,” the Corps also noted in its Definite
Project Report that “ultimate protection against such a storm is desirable” though perhaps not
feasible in “the initial stage” of flood control construction. Id. at 9-10. Without flood control
measures, the Corps predicted “[c]onsiderable overflow” from storms that would produce
“disastrous peak flows.” Id. at 8.

Another storm that occurred at Taylor, Texas in 1921 (“the Taylor storm™) constituted the
greatest single-day rainfall ever recorded in the United States at that time, producing 23.11
inches in 24 hours. PX777 at 4. The Taylor storm did not cover as large an area as the Hearne
storm, but the rainfall was more intense over a shorter period of time and the Corps noted in the
1940s that such depths of accumulated rain over a basin as small as Buffalo Bayou would be
considerable. Id. at 5.

Against this background, Congress acted to initiate the implementation of flood control
measures. Pursuant to the River and Harbor Act of 1938, Congress authorized the Corps to
design and build the Addicks and Barker Dams as part of the Buffalo Bayou and Tributaries,
Texas Project. See Pub. L. No. 75-685, 52 Stat. 802 (codified mainly at 33 U.S.C. 8§ 540,
558(b), 558(c), 571, 701(k)). The purpose of the project, as defined by the Corps’ Definite
Project Report published on June 1, 1940, was “to provide for complete control of floods on the
Buffalo Bayou watershed and the protection of the city of Houston, Texas, and the Houston Ship
Channel against the estimated probable maximum storm.” JX5 at 3.

At critical junctures in the ensuing lifespan of the dams, the Corps consistently echoed
that the whole purpose for the construction and operation of the project was to prevent
downstream flooding, especially in downtown Houston. See, e.g., PX59 at 8 (USACE464077)
(“The sole authorized purpose for [the] Addicks and Barker Reservoirs is to reduce potential
flood damage along the downstream reach of Buffalo Bayou.”); PX59 at 21 (USACE464090)
(“The dams are operated strictly to prevent downstream flooding.”); JX110 at 3-1
(USACEO016311) (“The existing project, as authorized, provides for flood risk management, the
protection of the City of Houston from flood damages, and the prevention of excessive velocities
and silt deposits in the Houston Ship Channel Turning Basin.”).

5
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2. Project design.

The original design of the project consisted of three detention reservoirs, a system of
canals and levees, and channel improvements along Buffalo Bayou below the reservoirs. See
JX5 at 12-13. The three detention reservoirs were to be built on White Oak Bayou and at the
Addicks and Barker watersheds on Buffalo Bayou, which are seventeen miles west of downtown
Houston and upstream of the confluence of Buffalo Bayou and South Mayde Creek. 1d.; Joint
Stip. 1 100. The Barker Dam would be located on Buffalo Bayou about 1.5 miles above its
confluence with South Mayde Creek and the Addicks Dam would be located on South Mayde
Creek about one mile above its confluence with Buffalo Bayou. See JX110 at 4-1
(USACEQ016316). North of and adjacent to the Addicks Reservoir watershed lies the 130 square
mile watershed of Cypress Creek, which flows in an eastward direction toward its outlet into the
San Jacinto River. See id. To prevent overflow from the Cypress Creek watershed into the
Addicks Reservoir, an upstream levee was to be built. JX5 at 13. Additionally, approximately
7.4 miles of the Buffalo Bayou channel immediately downstream of the Addicks and Barker
Dams was to be rectified and enlarged. JX110 at 3-3 (USACE016313). This channel
rectification and enlargement was completed in 1948. Id.

Aspects of the original design, however, were not completed. Tr. 473:8-18 (Test. of
Robert Charles Thomas, I111). Neither the detention reservoir on White Oak Bayou nor the
Cypress Creek levee were ever built, nor was a south canal that would divert the surcharge
releases into the Houston Ship Channel. Tr. 191:16 to 193:5 (Thomas). Notably, the failure to
complete the reservoir on White Oak Bayou has apparently had little effect on the Addicks and
Barker Reservoirs, see Tr. 193:19-21 (May 6, 2019) (Thomas), but because the Cypress Creek
levee was never completed, run-off can still flow from the Cypress Creek watershed into the
Addicks watershed during major rain events, increasing the size of the flood pool in the Addicks
reservoir, see Tr. 1539:3-11 (Test. of Richard Long). And, importantly, the deletion of the south
diversion canal was also a major change from the original design because surcharge releases
from the Addicks and Barker Reservoirs now have no place to go except down Buffalo Bayou or
in the reservoirs themselves. Tr. 193:23 to 194:7 (Thomas).

The completed Addicks and Barker Dams are parallel u-shaped earthen embankments
that rise almost imperceptibly over a distance of miles. See JX15 at 9-10 (noting that the
Addicks and Barker embankments slope at a rate of about two to seven feet per mile). The size
of the reservoir embankments was determined by reference to the rainfall produced by two
previous storms: the Hearne storm and the Taylor storm. The Hearne storm, modified to account
for the rainfall intensity rates in the Taylor storm, was used as “a basis of design,” the so-called
“design storm.” PX777 at5. The design storm would produce a maximum rainfall depth of 31.4
inches and served as the basis for the specifications of the dams that were ultimately
constructed—meaning that the dams were built to contain the amount of water the design storm
was projected to produce. Id.

Construction on the Barker Dam and Reservoir began in February 1942 and finished in
February 1945. Joint Stip. 1 95. The Barker Dam consists of an earthen embankment that
measures approximately 13.6 miles long and rises 36.5 feet above the stream bed at its highest
point. Joint Stip. 1 97; JX23 at 3 (USACE318524). Its outlet at the time of completion consisted
of five conduits which were 9-feet wide by 7-feet high and 190.5-feet long. JX23 at 3
(USACE318524). The Corps began construction on the Addicks Dam, located just north of the

6
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Barker Dam, in May 1946. Joint Stip. 1 90. Completed in December 1948, the Addicks Dam
consists of an earthen embankment that measures approximately 11.6 miles long and rises 48.5
feet above the stream bed at its highest point. Joint Stip. 11 90, 92; JX23 at 3 (USACE318524).
When completed, its outlet consisted of five conduits which were 8-feet wide by 6-feet high and
252-feet long. JX23 at 3 (USACE318524). The dams were designed to release water through
these outlet conduits, which could be controlled by gating, making it possible to limit discharges
from the reservoirs and thereby reduce downstream flooding. JX22 at 1-2. The original design
of both dams called for four of the five outlet conduits to be uncontrolled. Id.

Importantly, the embankment design of the Addicks and Barker Dams required the
government to acquire land behind (upstream of) the dams, thus partitioning off the reservoirs
that would hold the water held back by the dams. Behind the Addicks Dam, the United States
acquired all land at and below an elevation of approximately 103 feet, which amounts to about
12,460 acres of property. Joint Stip. 11 94, 102. For the Barker Dam, the government acquired
all land at and below an elevation of approximately 95 feet, amounting to 12,060 acres. Joint
Stip. 1199, 104. The Corps calculated the amount of land it purchased behind each dam by
adding “[three] feet above the pools which would be produced by the 1935 storm transposed
over each watershed.” JX5 at 26. At the time, the property behind the dams was almost
exclusively used for ranching and rice farming. See Tr. 455:4-19 (Thomas). The government
purchased much of it at prices between five to ten dollars per acre, and “[m]ore lands could have
been purchased upstream for reservoir storage at relatively low prices, but urban development
was not anticipated in this baron [sic] prairie land remote from Houston.” JX52 at 17
(USACE015146).

Significantly, the Corps calculated the amount of land it purchased based on a historical
storm metric (the 1935 storm) that was different—and, notably, smaller—than the design storm
metric (which combined the Hearne and Taylor storms) it used for engineering the dam
embankments. See Tr. 199:12 to 200:25 (Thomas). In other words, the embankment design
storm would generate more water than would the land-acquisition model storm. Put simply, the
dams were designed to contain more water than the acquired land could hold. These differing
metrics were not an oversight; rather, they were driven by a calculated decision. The Corps
noted at the time that storms of intensities similar to the 1935 storm—which was used for
calculating the land acquisition—were “expected” to “occur several times during the lives of
these structures.” JX5 at 26. While observing that the land purchased was inadequate to contain
the pool elevation which would be produced by the embankments’ design storm, it noted that
“[a]lthough the design of the embankments is based upon the design storm rainfall of 31.4
inches, the occurrence of such a storm in the basin [can not] be expected to occur more than once
in the lives of these structures.” Id. The Corps viewed the Hearne storm as representing the
upper limit of possible storms that could occur in the region, see Tr. 1029:13-20 (Thomas), so
when setting the land acquisition line it looked for a large storm “but not the worst ever, because
[then the Corps] wouldn’t be able to afford all [its] projects,” Tr. 1060:22-25 (Thomas). If,
however, the Corps did not design the project to survive the upper limit storm and such a storm
did occur, it would create the possibility that the dams “could [] fill[] all the way up and
catastrophically fail[].” Tr. 1061:7-10 (Thomas). While the Corps designed the project
consistent with a much larger design storm, it considered it “unnecessary to acquire lands to the
pool elevation which would be produced by the design storm.” JX5 at 26.
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Several documents dating from 1938 provide further insight into the Corps’
contemporary understanding of the likely recurrence of a storm akin to the Hearne storm.® In
one document evaluating an alternative flood control project that was never authorized or built
(the so-called Triple Corridor Plan), the Corps observed that “[t]ransposition of [the Hearne
storm] to the Houston area does not appear to be unreasonable” because such a storm “has
already occurred but a short distance away.” Pls.” Mot. to Reopen the Trial R. EX. A at
USACE2019 _0000014. The Corps stated that it considered such a storm “likely to occur with a
frequency of once every 50 years.” 1d.2% Likewise, the Galveston District engineer’s office, in
another of these 1938 documents, recognized that the primary meteorological criteria required
for the occurrence of significant storms were satisfied in the Houston area, cautioning that “the
susceptibility of the Buffalo Bayou area to a storm as great as the 1899 storm must be considered
in designing any flood control works in the Houston area.” Id. Ex. B at USACE2019_0000252.

Ultimately, in 1940, after conducting a cost-benefit analysis, see generally JX52, the
Corps concluded that “[a]cquisition to a taking-line, [three] feet above the computed pool
elevations for the 1935 storm centered above each reservoir, [wa]s considered advisable, since
the savings in annual interest would be in excess of the probable damage from storms producing

9These documents did not come to light until several months after trial, through no
apparent fault of either party. When they were discovered, the Department of Justice transmitted
the documents to plaintiffs in the interest of transparency, all the while maintaining that it was
not legally obligated to do so. Upon receipt, plaintiffs moved to reopen the trial record to
include the documents as additional evidence. See Pls.” Mot. to Reopen the Trial R. to Include
Additional Evidence from Late-Produced Documents, ECF No. 245 (“Pls.” Mot. to Reopen the
Trial R.”). The government opposed the motion, asserting that these documents had not been
sought during discovery and that they lacked probative value because they concerned a flood
control plan that was never authorized or constructed and were preliminary parts of an iterative
review and analysis process. See Def.’s Opp’n to Pls.” Mot. to Reopen the Trial R. to Include
Additional Evidence at 4-5, ECF No. 254 (“Def.’s Opp’n to Mot. to Reopen the Trial R.””). The
government also moved contingently, if the court were to admit the documents, that the court
also admit a sworn statement of Mr. Robert Thomas providing “critical context” for the
documents. Def.’s Opp’n to Mot. to Reopen the Trial R. at 2.

The decision of whether to reopen the record to submit additional proof is within the trial
court’s discretion. See Zenith Radio Corp. v. Hazeltine Research, Inc., 401 U.S. 321, 331
(1971); Confederated Tribes of the Warm Springs Reservation of Or. v. United States, 101 Fed.
Appx. 818, 822 (Fed. Cir. 2004). Upon consideration of the probative value of the evidence and
the circumstances of its identification, the court GRANTS plaintiffs’ motion to include the
additional evidence. To prevent any undue prejudice, defendant’s motion to admit the statement
of Mr. Thomas providing context for the documents is also GRANTED.

10As noted in the statement of Mr. Thomas regarding these documents, this 50-year
prediction as used by the Corps at the time does not necessarily refer to the expected return
frequency of the storm, but to the 50-year planning horizon for the project. In other words, it
means that the Corps believed the Hearne storm “was the worst rainfall that could occur during
the 50-year planning horizon for the [Triple Corridor Plan] project.” Def.’s Opp’n to Mot. to
Reopen the Trial R. Ex. A 1 11.
8
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pools greater than the taking-line limits,” JX5 at 26-27. The decision to acquire less land than
that required to store the runoff contained and controlled by the dams was “considered an
acceptable low-frequency risk because of the relatively remote rural project location.” JX52 at 5
(USACEO015134). Thus, the Corps based its land-purchase decision, at least in part, on a
calculation that “the expected damages of inundating pastures and rice fields” would be less than
the cost of buying additional land. Tr. 200:21-24 (Thomas).

After its initial land purchase based on the 1935 storm calculations, the government made
one last additional purchase at some time before 1945 during the preconstruction planning for the
Addicks Dam. JX22 at 2. By that time, it had become evident that the levee on Cypress Creek
would not be built, and the Corps determined that it would “be more economical to increase the
capacity of Addicks Reservoir to accommodate Cypress Creek overflow and delete the diversion
levee.” Id. To that end, the Corps acquired an additional three to four vertical feet of property in
the Addicks watershed to contain the anticipated overflow from Cypress Creek. See Tr. 474:11
to 475:7 (Thomas).

B. Post-Construction Improvements and Operations

1. Dam modifications, evaluations, and safety reviews.

a. 1940s, 1950s, and 1960s: Additional gates added to both dams.

Due to development in the Houston area and opposition concerned with aesthetic effects,
the original plans for the south discharge canal were shelved and the canal was not constructed.
See JX22 at 2; PX42 at 1-2 (USACE541550-1); see also Tr. 208:4-11 (Thomas). This led to
concerns about a potential flood threat in downtown Houston, as the area adjacent to Buffalo
Bayou saw significant urban development during the 1940s and 1950s, and the Bayou could no
longer sustain a large uncontrolled flow without flooding. See JX22 at 2. The original design of
the Addicks and Barker Dams called for the inclusion of five outlet conduits at each dam, with
four of the five allowing uncontrolled water flows. JX22 at 1-2. The fifth conduit was
controlled using a gate included originally for emergency purposes. Tr. 197:20 to 198:6
(Thomas). With four conduits uncontrolled on each reservoir, a combined uncontrolled
discharge of about 15,700 cubic feet per second would flow into Buffalo Bayou. JX44 at4. To
alleviate what appeared at the time to be temporarily, any possible resulting issues in Buffalo
Bayou, two additional gates were installed on the conduits, marking a total of three gated
conduits out of five in each reservoir. See JX22 at 2-3. By the time these additional gates were
installed in 1949, the combined uncontrolled discharge from the reservoirs in the four total
remaining conduits was 7,900 cubic feet per second, which was considered to be the maximum
channel capacity at the time for Buffalo Bayou. See JX44 at 4; JX16 at 4. Additional
development around Buffalo Bayou led to a lower calculated maximum channel capacity, and as
a result, the two remaining uncontrolled conduits in each reservoir were gated in 1963. See JX22
at 2; JX16 at 4. This gating, while beneficial for the downstream protection of downtown
Houston, also forces the prolonged storage of water in the reservoirs and increases each
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reservoir’s pool size. See JX15 at 44; JX16 at 4.1 After all the gates were added, the Corps
calculated that the maximum design spillway in Addicks and Barker was 114.6 feet (Addicks)
and 106.4 feet (Barker), exceeding the government-owned land by 6.6 vertical feet in Addicks
and 8.1 vertical feet in Barker. See JX16 at 1.

b. 1970s: Land development, outgrants, and increased concerns.

“Beginning in the late 1970’s, private land developers upstream from the reservoirs
sought permission to extend channel improvements onto [government-owned land].” JX52 at 15
(USACEO015144). Around 1981, the Corps began granting several of these easement requests,
limited to a maximum flow capacity. Id. Presently, several upstream tributaries flow into
Addicks and Barker extending onto government-owned land as a means to facilitate the
movement of water off upstream property. Tr. 383:9-15 (Thomas); Tr. at 868:20-23 (Test. of
Johnson-Muic). These easements—known as “outgrants”—while beneficial to the development
of the upstream area generally, had a number of negative consequences for the Addicks and
Barker Reservoirs. These effects included: (1) “increase[d] [] inflow of sediment into the
reservoirs resulting in the loss of flood storage capacity,” JX52 at 15 (USACE015144); (2)
“faster flood runoff into the reservoirs . . . [that] would result in more frequent impoundments,”
id. at 16 (USACEO015145); (3) “larger impoundments,” id.; and (4) “increase[d] flood damages
resulting from reservoir impoundments,” id.

As one consequence of the outgrants, the late 1970s and early 1980s saw the beginning of
rapid urbanization in the upstream areas, as the population of the Houston metropolitan area
grew. The character of the land upstream of the Addicks and Barker Dams was beginning to
shift from that of barren grazing lands and rice fields to a more urban-suburban development.

See generally JX52 at 17 (reporting in 1995 how over the last 50 years, “extensive urbanization
has occurred” in the upstream area). Additionally, scientific advances in hydrology and
meteorology prompted the Corps to issue new policies and procedures pertaining to the
determination of spillway capacities. See generally PX34 (referencing updated criteria such as
1966 Engineer Circular No. 1110-2-22).

These developments, i.e., advances in science, changing meteorological forecasts, general
wear and tear on the reservoirs, and upstream urbanization, collectively raised concerns with the
Corps that flooding beyond the extent of government-owned land was highly probable, if not
inevitable, during a severe storm. In 1973, the Corps lamented that the possibility of flooding
lands in the reservoirs beyond the government-owned land was soon expected to become a
public issue. See PX37 at 1. Ina 1973 memorandum from the Corps’ Engineering Division
Chief in the Galveston, Texas area, the Chief noted, “It is suggested that the project engineer
research the background of the existing situation and develop a history and rationale for our
operating concept of imposing flooding on private lands without benefit of flowage easement or
other legal right.” Id. A 1974 Corps inspection report echoed similar thoughts. See PX38 at 5
(USACE233674) (1974 Buffalo Bayou Inspection Report) (“Development of the area will
eventually place the Government in the position of having to flood the area within the reservoir

1The Corps, in a 1960 study, had even recommended not adding additional gates, noting
that “[t]hese gates would only provide a negligible amount of increased flood protection” and
“would have more undesirable effects than benefits.” JX15 at 44.
10



Case 1:17-cv-09001-CFL Document 260 Filed 12/17/19 Page 11 of 46

with the accompanying damages in order to protect downstream improvements in the event of a
severe future storm.”).

c. Late 1970s: Hydrology investigation.

Based upon the increased scrutiny, the Corps completed an extensive hydrology study on
Addicks and Barker in 1977. See JX23 (1977 Hydrology Report). The study was deemed
necessary “because it [was] apparent that urbanization of the subject watersheds will soon reach
levels in excess of those considered in the original design[,] and updated hydrologic criteria
prescribe more severe design standards than those addressed in the original.” 1d. at 1
(USACE318522). The 1977 report calculated a dramatic increase to the maximum design
spillway, see Tr. 497:15-21 (Thomas), and developed a higher probable maximum precipitation
value, see Tr. 499:8 to 500:2 (Thomas). Both of these circumstances reflect the notion that then-
current calculations (in 1977) for the possible amount of rain in the Addicks and Barker
watershed and the potential size of the reservoir pools in each dam were significantly higher than
originally calculated when the dams were built. The report also revealed serious safety issues
with the dams, putting both upstream and downstream properties at risk. See Tr. 257:21 to 258:1
(Thomas).

d. 1980s: Embankment strengthening & dam modifications.

These concerns led the Corps to consider various measures. The first major modification
of the dams came as a result of the permanence of the conduit gates. The Corps noted that one
negative result of the added conduit gates was the prolonged storage of rainfall runoff behind the
dams that resulted in the need for “emergency seepage control measures” at the pervious sections
of the embankments and foundations of the dams. JX44 at 4. This seepage threatened the
stability of the embankments and created a potential for failure of the dams in the event of a high
reservoir pool. JX15 at 44. Emergency modifications to strengthen the embankments of the
reservoirs were completed between 1977 and 1979. JX44 at 4. These improvements, however,
were not the final time the embankments were modified.

Around the time of the completion of the improvements addressing seepage, the Corps’
concerns about the current embankment heights as not “safe” in both Addicks and Barker grew.
PX42 (1978 Water Control Plan) at 1 (USACE541550). Specifically, the report noted that a
recent study showed that “the spillway design flood would overtop the dam embankment with
possible embankment failure” for both Addicks and Barker. PX42 at 2 (USACE541551)
(Addicks), 2 (USACE541562) (Barker). Additionally, the report noted that scientific advances
showed an even higher increased maximum size for the reservoir pool in each reservoir, both of
which would exceed the reservoirs’ respective capacities. Id. (explaining that a reservoir pool of
118.1 feet was possible under existing conditions in Addicks and a pool of 110.3 feet was
possible under existing conditions in Barker).

In the 1980s, the Corps considered a number of potential solutions to address these
concerns. Seventeen alternative plans were considered, seven of which were developed more
thoroughly. See PX51 at 5 (USACEQ13572) (1984 General Design Memorandum). These
options included taking no action, degrading the ends of the dams to reduce maximum flood
pools, diverting water to other channels, and raising and extending the embankments to impound
more water. Id. Plan I, which consisted of increasing the existing spillway capacities and raising

11
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low portions of the dam crests, was recommended first, see JX26 (1980 Corps Mem.), and
included a plan to consider the purchase of real estate upstream of the reservoirs, see id. The
Corps, however, deferred any decision to purchase upstream real estate. See PX48 (1980 Corps
Telephone Record).

Consistent with the original purpose of the project, a 1981 Corps environmental
assessment highlighted the Corps’ focus on alleviating the risk for downstream flooding. See
generally PX87. Emphasizing the great risk downstream to Houston, the report deemphasized
the upstream risk by simply noting that “should this [standard size] storm occur, flooding would
extend beyond the [glovernment owned land upstream of the embankments.” PX87 at 4
(USACEO012909). The report also explained that “[t]he inadequacy of [g]Jovernment owned land
upstream . . . to contain the water from the [standard size storm] was recognized in the original
design of the reservoirs. However, it was considered at the time to be a limited problem, because
the land’s primary use at that time was for agricultural purposes and any damages . . . would be
infrequent and relatively minor.” 1d. Ultimately, the Corps concluded that “[t]his problem does
not affect the safety of the dams.” Id.

Thus, despite potential risks upstream and because of the grave consequences
downstream of dam failure, see Tr. 89:22 to 90:8 (Thomas), the Corps adopted a new alternative
plan, Plan VV(b), to raise the main embankments and to add additional erosion protections to the
dams’ auxiliary spillways, see PX51 at 8 (USACE013575) (1984 General Design Mem.). This
work was completed in the late 1980s and did not increase the effective storage of the dams. See
PX2284 at 2 (FB0000633) (1989 Mem.).

e. 1990s: Storms in the area and subsequent evaluations.

In the period leading up to and during March of 1992, a series of storms resulted in then-
record flood pools in both the Addicks and Barker Reservoirs. See Tr. 363:20 to 364:2
(Thomas). A large portion of Houston suffered major flooding, and public concern for flooding
of privately-owned land inside the reservoirs grew. See JX52 at 11-1 (USACE015195) (1995
Reconnaissance Report). As a result, the Corps prepared a special report in May of 1992 to
provide general background and an overview of anticipated flooding damages which could occur
beyond government-owned property in Addicks and Barker. JX44 at 1 (USACE015073). One
conclusion from the report calculated that, “[T]he Possible Maximum Flood would affect over
4,000 structures valued at approximately $725 million and cause damages of $245 million.” 1d.
at 9 (USACEO015081). The report detailed a number of options to consider as potential solutions
for this upstream flooding problem, see id. at 10-16 (USACE015082-88), and suggested further
evaluation of the options for their economic, environmental, and engineering feasibility, see id.
at 16 (USACE015088). Concerned for public safety, one potential option included the creation
of a public awareness program, noting that, “In the absence of a public awareness program,
residents are likely to forget or ignore the flood threat. Turnover in home ownership could also
result in a significant proportion of residents being unaware of the risk.” Id. at 11
(USACE015083).

The year 1995 saw the completion of the Corps’ Addicks and Barker Reconnaissance
Report evaluating the options, ordered after the completion of the 1992 study. See generally
JX52. The area surrounding the government-owned land was now “densely populated” and full
of “residential and commercial urban developments.” Id. at 7 (USACEQ15136). After
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considering the various recommendations, including taking no action, purchasing flowage
easements, land buyouts, channel enlargements, excavating the government-owned land, and/or
adopting a flood warning and evacuation plan, see id. at 7-8 (USACE015136-37), the Corps
decided to take no action upstream, finding “insufficient economic benefits to justify project
modification,” id. at 19 (USACE015148).

f.  1990s and 2000s: Home elevation surveys.

Throughout the 1990s and 2000s, the Corps completed surveys of capital investments
located within the standard project floodplain for the purpose of determining potential flood-
damage estimates. See JX52 at 4 (USACEQ15224) (1995 Reconnaissance Report Appendix).
The surveys looked at homes, businesses, and other structures, see Tr. 390:20 to 391:2 (Thomas),
with over 95% of the structures inventoried in each reservoir being residential, see JX52 at 4
(USACEO015224). “Information recorded during the field survey included the location of
structures (i.e., street address), ground elevations of structures, the flooding threshold of
individual structures[,] and structure category types.” Id. In other words, the government was
aware of where and at what elevation water could or would enter each property. See Tr. 100:5-
10 (Thomas). One such field study was conducted and completed in July 1994. JX52 at 4
(USACEQ15224). Another study was completed in the early 2000s, when the Corps hired a
private contractor to do elevation surveys for over 10,000 structures in the potential
impoundment area. See Tr. 100:11-16 (Thomas). The Corps also prepared internal “Reservoir
Structure” maps that depicted the elevations of these surveyed upstream structures. See PX268.
As a result, the government gained an appreciation of the specific risks upstream in Addicks and
Barker associated with a severe storm.

2. Community engagement about proximity to the dams.

Long before Harvey occurred, information about the possibility of flooding upstream of
the dams and beyond the borders of the government-owned land was well known to the Corps
and accessible by the public. At a basic level, it could be obtained in publicly available maps.
Moreover, the Corps had discussed upstream flood risks with developers in the 1980s and 1990s.
Harris County began warning the community about flood risks years before Harvey, and Fort
Bend County began including warning language in upstream subdivision plats in the early 1990s.
The Corps also engaged in public outreach efforts to inform the community about the risk of
upstream flooding.

a. Publicly available maps.

Several types of publicly accessible maps graphically illustrated the flood threat long
before Harvey occurred. For example, the Houston and Harris County Atlas Key Maps contain
information enabling an astute map reader to understand the elevation of maximum flood pools
at each reservoir, see DX795, and Key Maps are prevalent enough to be referenced by page on
real estate listings in the Houston area, see, e.g., JX76.

Likewise, the Federal Emergency Management Agency (“FEMA”) prepares Flood
Insurance Rate Maps, showing areas expected to flood during storms of various intensities, based
on data generated by a hydrologic modeling program. See Tr. 1904:12-21 (Test. of Philip
Bedient). The maps denote zones expected to flood during storms with one percent or less
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annual chance of occurrence, see Tr. 2353:6 to 2354:14 (Test. of Michael Nakagaki), and all the
test properties fell within one of these zones at the time they were acquired by plaintiffs, see
Def.’s Br. at 26-27 (identifying the map flood zone for each test property both at the time it was
acquired and under the current flood zone maps). Additionally, topographic maps, known as
“quadrangle maps,” produced by the United States Geological Survey have identified areas
upstream of the dams as subject to controlled inundation since the early 1970s. Tr. at 2283:10 to
2285:18 (Test. of Leslie Hansmann). These maps have been publicly accessible online since
2010 and were readily available for purchase or at universities and public libraries prior to that
time. Tr. 2285:21 to 2286:7 (Hansmann).

b. Discussions with developers.

Throughout the 1980s and 1990s, representatives of the Corps interacted with various
developers of the properties surrounding the reservoirs. See, e.g., PX2284 at 1-3 (FB0000632-
34) (documenting exchanges between the developer of subdivisions upstream of the reservaoirs,
noting the possibility of upstream flooding). The Corps compiled a fact sheet, see id. at 2
(FBO000633), to share with developers of the adjacent property to ensure that they “were fully
aware of the capabilities of the project and size of the pools that could occur behind [the dams],”
Tr. 1507:5-10 (Long). The fact sheet indicated that the design flood pool boundary exceeded the
government-owned land. See PX2284 at 2 (FB0O000633).

c. Harris County flood risk studies.

Flooding in the early 1990s resulted in increased public awareness of the flooding
potential, see Tr. at 2397:5 to 2400:18 (Test. of Steven D. Fitzgerald), and prompted several
studies by the Harris County Flood Control District, see generally JX54; JX60. The studies
noted growing concern among “residents, business owners[,] and government representatives . . .
regarding the level of protection [sic] that the reservoirs provide to the property upstream of the
dams,” JX60 at 1 (USACE795732), and concluded that the “primary flood threat” in the area
was “the inability to drain the Addicks and Barker [R]eservoirs in an efficient manner,” JX54 at
2 (USACE686046). One report emphasized that “[t]he maximum flood pool levels of the
Addicks and Barker [R]eservoirs extend far beyond the limits of the government[-Jowned land,”
noting that “more than 8,000 acres [are] within the reservoir ‘fringe’ areas between the limits of
the government[-Jowned land and the . . . maximum flood pools.” Id. Harris County also
engaged in public outreach, seeking to educate the public about flood risk through public
meetings, where information about the potential for flooding from the reservoirs was included.
See Tr. 595:16-23 (Lindner).

d. Subdivision plat warnings.

The risk of upstream flooding that could be produced by the reservoirs filling to their
maximum pool level was well known to Fort Bend County officials. See Tr. 719:15 to 720:10
(Test. of Mark VVogler). During a meeting with the Corps in the early 1990s, a county engineer
discussed “[t]he issue of intermittent inundation or flooding within the Corps’ Barker Reservoir.”
JX45 at 1 (FB0006378). The Corps informed the engineer “that the Barker Dam was designed
and/or modified to contain 8.7 more feet of water than was purchased by the Corps,” which
could “translate[] into the flooding of approximately 4,769 acres of land, not under jurisdiction
of the Corps of Engineers.” Id. In 1992, a Fort Bend Engineering Department report included a
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“notice that this subdivision is subject to controlled inundation from Barker Reservoir.” DX122
at 2 (FB0O000611).

Around this time, Fort Bend County began requiring the addition of warning language on
subdivision plats to inform purchasers about the possibility, already known to developers, of
upstream flooding due to Barker Dam operations. See Tr. 736:9 to 737:15 (Vogler). For
example, the plat for one of the trial properties (Giron) stated that “[t]his subdivision is located
adjacent to the Barker Reservoir and . . . [is] subject to extended controlled inundation under the
management of the U.S. Army Corps of Engineers.” DX557 at 1 (FB0025541).

e. Public outreach discussing upstream flood risk.

The Corps began its own public-outreach efforts regarding the dams in the mid-1980s,
directing its focus toward interested communities, businesses, and governmental entities. See Tr.
1498:20 to 1499:4 (Long). Thereafter, the Corps conducted “dozens and dozens” of public
presentations in the greater Houston area, during which it discussed the project’s purpose,
history, operations, and operational limitations. See Tr. 1498:20 to 1500:10 (Long). These
public presentations also “included information on the storage capacity of the projects, and that,
in severe storm events where [the reservoirs] stored large pools, that those pools could exceed
the limits of government-owned land,” Tr. 1501:12-19 (Long), noting that “[w]ater stored behind
... the dams [] would result in floodwaters in [] homes,” Tr. 1501:25 to 1502:2 (Long). After a
series of storms caused flooding in the early 1990s, the Corps released a report to publicly
emphasize the “order of magnitude of the anticipated flooding damages which could occur off of
Government property assuming different flood events.” JX44 at 1 (USACEO015073). Various
documents published by the Corps during the 1990s identified the possibility of future flooding
and the “potential threat of property damage upstream of the reservoir lands.” E.g., JX52 at 7
(USACE015136).

The Corps continued to discuss and inform the public about the possibility of upstream
flooding in the decade and a half leading up to Harvey. In the mid-2000s, it created an
emergency coordination team to organize better with local agencies in the event of an emergency
concerning reservoir operations. See Tr. 2406:3 to 2407:9 (Fitzgerald). Members of that team
discussed the possibility of upstream flooding on multiple occasions. See, e.g., Tr. 598:14-21
(Lindner) (discussing drills that were conducted in the event of flooding upstream); DX206 at 2
(USACE467209) (stating that “it is only a matter of time before the reservoirs flood off
government-owned land”). In 2009, the Corps prepared presentation slides for public meetings
which showed upstream flooding during large storms. See PX1597 at 18-29 (USACE755528-
39). Again in 2010, the Corps held a series of public meetings where it showed slides illustrating
the possibility of upstream flooding. See JX94 at 74-77 (USACE594433-36). Similar public
meetings, where like information was displayed, were sponsored by Corps in the following years
leading up to Harvey. See, e.g., Tr. 1558:6-14 (Long); DX238.

3. Operating conditions and meteorological setting for Harvey.
a. Standard Operating Procedures & the Water Control Manual.

The general operations of the Addicks and Barker Reservoirs are governed by a Water
Control Manual issued in 2012 (the “Manual”), see generally JX110, with the Corps serving as
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the regulating agency, see id. at 1-2 (USACE016306). The Manual was prepared pursuant to a
Corps regulation entitled “Water Control Management™ dated 1982, see Tr. 63:24 to 64:3
(Thomas), and it explains the guiding procedures for how the Addicks and Barker Reservoirs
should be controlled in varying situations. The 2012 Water Control Manual was in effect when
Harvey made landfall. See Tr. 58:24 to 59:5 (Thomas).

The Addicks and Barker Reservoirs are normally dry, as they do not impound water
except to alleviate flood risk. JX110 at 6-3 (USACE016334). The reservoirs and dams are part
of a flood risk project and do not serve any other main purpose such as navigation or
hydroelectric power. See Tr. 63:7-13 (Thomas). “In keeping with the primary objective of flood
control for Addicks and Barker Reservoirs, the general plan for reservoir regulation will be to
operate the reservoirs in a manner that will utilize to the maximum extent possible, the available
storage to prevent the occurrence of damaging stages on Buffalo Bayou.” JX110 at 7-4
(USACEQ016338). This plan for storage includes all of the land in the reservoirs behind the
embankments, including land the government does not own. See Tr. 67:12 to 68:3 (Thomas).

Under normal conditions, the reservoirs “operate with two gates set at one-foot openings
to pass normal low flows . . . limit[ing] the discharge on each reservoir to approximately 100-250
[cubic feet per second].” JX110 at 7-4 (USACEO016338). “The gates on both reservoirs will be
closed when 1 inch of rainfall occurs over the watershed below the reservoirs in 24 hours or less,
or when flooding is predicted downstream.” 1d. The gates are kept closed until the gauging
station on Piney Point Road, about eight-to-ten miles downstream of the outlets, is reading less
than 2,000 cubic feet per second. See Tr. 989:13 to 990:8 (Thomas). At times, the Manual
recommends instances of induced surcharges. See JX110 at 7-5 (USACE016339). An induced
surcharge is “a release made to optimize the available [reservoir] storage and protect the integrity
of the dams.” Tr. 103:6-9 (Thomas). That is, when the reservoir pools rise to a certain elevation,
releases from the reservoir will be made gradually according to the induced surcharge schedule.
JX110 at 7-5 (USACEQ016339).

b. The Addicks & Barker Dams and Reservoirs immediately prior to Harvey.

During Tropical Storm Harvey, the Corps operated the dams consistent with the
instructions of the 2012 Water Control Manual. Joint Stip. § 109. When Harvey hit the Addicks
and Barker watershed, the reservoirs for each were empty. See Tr. 160:21-25 (Thomas). At the
time, the Addicks Reservoir had a storage capacity for the government-owned land of 127,591
acre-feet of water, Joint Stip. { 105, and the Barker Reservoir had a storage capacity for the
government-owned land of 82,921 acre-feet of water, Joint Stip. § 106. The Addicks Reservoir
had a maximum capacity of 199,643 acre-feet of water, see JX118 at E-2 (USACE019883), and
the Barker Reservoir had a maximum capacity of 209,600 acre-feet of water, see JX118 at E-4
(USACEO019885), if the reservoirs were to fill to their highest elevations where the reservoirs
meet the natural ground. The Addicks watershed is approximately 50% developed and the
Barker watershed is about 60% developed, most of which is residential or related commercial
and office use. See JX110 at 4-8 (USACE016323). The undeveloped areas of the watershed are
primarily used for pasture land and general mixed agricultural purposes. Id.
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c. Major storms prior to Harvey.

Several storms of substantial scope occurred in the region during the decades preceding
Harvey. After listing a series of major storms, an operational assessment report issued by the
Corps in 2009 observed that “had some of these events been centered over Addicks and Barker
Reservoirs or the Upper Buffalo Bayou Watershed, the combined rainfall and runoff could have
resulted in flood pools exceeding the limits of government[-]Jowned land and possibly exceeding
the capacity of Addicks and Barker Dams.” PX59 at 5 (USACE464074).

In 1979, Tropical Storm Claudette dropped 43 inches of rain in 24 hours on Alvin,
Texas—50 miles southeast of the reservoirs. 1d. at 4 (USACE464073). The rainfall produced by
Claudette was the highest recorded in the United States during a twenty-four hour period, id.,
causing the Corps to conclude in 1984 that “[t]he [Projected Maximum Flood] on an empty pool
is considered a probable occurrence when compared with the 1979 Claudette rainfall event,”
JX31 at 2 (USACE487626). The Corps likewise acknowledged in 2009 that “[1]f this event had
occurred over the Addicks and Barker watersheds, their reservoir capacities may have been
exceeded.” PX59 at 4 (USACE464073). The Corps calculated that if Addicks or Barker were to
receive the amount of rain dropped by Claudette, it would take between approximately 53 and 55
days to remove enough water to get it back on government-owned land. PX1597 at 40-42
(USACE755551-53).

Tropical Storm Allison struck about 50 miles northeast of the Addicks and Barker
watershed in 2001, dropping almost 36 inches of rain in five days, and “could have potentially
exceeded reservoir capacity had the storm event occurred directly over the reservoirs.” PX59 at
5 (USACE464074). In light of Claudette and Allison, the Corps recognized in 2009 that,
although the reservoirs had never previously flooded off government-owned land, “we know it
can and probably will happen at some point in time.” PX1597 at 46 (USACE755557).

Water in the reservoirs exceeded government-owned land for the first time when the
April 2016 “Tax Day Storm” produced record flood pools. Tr. 166:6-10 (Thomas); see also
DX295 at 10 (DEPO_0053700) (“At its peak Barker Reservoir occupied 102.5% of its
government[-]Jowned land and 40.5% of its total storage capacity.”). The Tax Day Storm
generated ten-to-sixteen inches of rainfall over a twelve-hour period, see JX134 at V1I-4
(USACEB869254), and although the flood pools exceeded government-owned land, the reservoir
water did not inundate any structures, see Tr. 978:17-22 (Thomas).'? Nonetheless, in the Corps’

12Even so, at least one of the test properties suffered flooding during the Tax Day Storm,
see Tr. 1764:11-18 (Test. of Elizabeth Burnham), and some streets flooded during the storm, see
JX134 at VIl 3-4 (USACES869253-4). This result may have been attributable to local stream
flooding or other local circumstance rather than conditions in the reservoirs themselves.

Additional uncontrolled flows occurred on the road surfaces, which act as part of the
drainage system in Houston, being specifically built at lower elevations than buildings such that
gravity naturally pulls the water down to the roads where they can push flows downstream. See
Tr. 25:20 to 26:2 (Site Visit, May 8, 2019) (Test. of Captain Charles Ciliske).
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assessment, for Buffalo Bayou at the time it “may have been the worst storm of record.” JX134
at VII-3 (USACEB869253). A year later, Harvey exceeded that record.

C. Operation of the Addicks & Barker Dams During Harvey
1. Tropical Storm Harvey.

Harvey made landfall along the coast, near Rockport, Texas, around 10:00 p.m. on
August 25, 2017, as a Category 4 hurricane (130 mile per hour winds), Joint Stip. § 107; DX737
at 12 (FEMAOQ78357), but weakened into a Tropical Storm within twelve hours of making
landfall, Joint Stip. 1 108. Harvey, however, stalled over the Houston metropolitan area for four
more days, maintaining its intensity, dumping record amounts of water on the area. See Joint
Stip. 1 108, 113, 115. Over the five days, Harvey dropped an average of more than 43 inches of
rain in a 2,000 square mile area, DX737 at 12 (FEMAQ78357), becoming the largest storm in the
recorded history of the United States, see Tr. 2030:14-17 (Bedient).* Within Harris County,
Harvey poured an average of 33.7 inches of rain over a four-day period. DX682 at 5.

2. Corps’response to Harvey.

During Harvey, the Corps operated the Addicks and Barker Dams according to the 2012
Water Control Manual. See Tr. 982:1-3 (Thomas). The gates on all five conduits were closed
for Addicks and Barker at the beginning of the storm, as called for by the Manual. See Tr.
1446:10-15 (Long). On August 25, 2017, the Corps declared a general emergency, which
included a dam safety emergency. Tr. 118:25to 119:1 (Thomas). As a result, the Corps
followed the Manual’s instructions for the initial emergency levels. Tr. 119:15-17 (Thomas).

With the forecasted impending rain, the Corps knew that flooding “beyond the
government[-]Jowned land limits” in Addicks and Barker was imminent. JX146 at 2
(DOJ0008154) (Corps’ internal letter dated August 25, 2017 at 2:26 p.m.). On August 28,
shortly after midnight, the Corps initiated releases of impounded water in both reservoirs,
pursuant to the induced surcharge regulation in the Manual. DX649 at 1. At that point, the flood
pools in the reservoirs had reached at least 101 feet in Addicks and 94.9 feet in Barker. See Tr.
983:11-16 (Thomas). Because these releases were limited, however, by the guidelines in the
Manual to protect downstream Houston from additional flooding, the Corps was unable to
release water fast enough to decrease the pool size given the high rate of incoming water. See
Tr. 991:8-19 (Thomas). During Harvey, uncontrolled releases also flowed around the ends of the
auxiliary spillway at the northeast end of the Addicks Reservoir onto private land. See Tr. 24:8
to 27:12 (Site Visit) (Ciliske); see also PX25 at 1 (USACE016691) (“Uncontrolled release[s]
around the Addicks north[-]end emergency spillway w[ere] observed on August 29, 2017 when
the reservoir reached [] 108 ft.”).14

B3Tropical Storm Claudette in 1979 was roughly comparable in total rainfall, and was
more intense but more localized. See supra, at 17.

14Testimony about the flows at the north-end auxiliary spillways of Addicks was
ostensibly inconsistent due to the imprecise vocabulary used when describing spillway functions,
i.e., whether water flowed over or around at both the northwest and northeast auxiliary spillways
18
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The flood pools in the reservoirs crested at a record pool elevation of 101.6 feet in Barker
and 109.1 feet in Addicks on August 30, 2017. Joint Stip. 11 110, 111. When the threat
subsided and flood pools dropped to safer levels, the Corps developed a drawdown plan to fully
drain the reservoirs while still maintaining their integrity. See Tr. 992:4 to 993:4 (Thomas). The
plan went into effect on September 3, 2017, and the Corps resumed normal operations on
September 16, 2017. DX649 at 6-7. The reservoir water elevations far exceeded the extent of
government-owned land in both Addicks and Barker. See DX683 at 1. Of the approximately
one million homes in the Harris County, around 154,000 of them flooded from the impounded
water. See Tr. 2451:19-24 (Fitzgerald). The Addicks and Barker flood control project, though,
did prevent an estimated $7 billion in projected losses downstream in Houston. See Tr. 164:24 to
165:8 (Thomas).

D. Background of the Thirteen Upstream Test Properties

The thirteen upstream test properties provide a sampling of the conditions at various
locations inundated by the Addicks and Barker Reservoirs during and after Tropical Storm
Harvey.

1. Banker residence.

The land owned by plaintiffs Christina and Todd Banker is a residential property situated
within the Barker reservoir in Katy, Texas at 4614 Kelliwood Manor Lane. Joint Stip. 4. The
finished first floor of the home is set at a 100.7-foot elevation. Joint Stip. 9. Flooding within
the home attendant to Harvey reached approximately 1.1 feet. See PX526 at 46. The Bankers
evacuated their home on the morning of August 28 and returned on September 4. Tr. 1709:23 to
1712:20 (Test. of Todd Banker). During that period, flood water was present in the home for
approximately four days. DX608 at 164. In addition to structural damage to the home, much of
the Banker’s personal property was destroyed by the flooding, see, e.g., Tr. 1717:24 to 1718:21
(Banker), and the home was uninhabitable for about seven months while it underwent
remediation, Tr. 1717:12-18 (Banker).

2. Burnham residence.

The land owned by plaintiff Elizabeth Burnham is a residential property situated within
the Addicks Reservoir in Houston, Texas at 15626 Four Season Drive. Joint Stip. 1 10. The
finished first floor of the home is set at a 105.4-t0-105.5-foot elevation. Joint Stip. { 18.
Flooding within the home attendant to Harvey reached approximately four to five feet. See
PX526 at 46; Tr. 1773:21-24 (Test. of Elizabeth Burnham). Flood water was present in the
home for at least seven days. See DX608 at 164; Tr. 1771:20-22, 1773:25 to 1774:5 (Burnham).
Ms. Burnham’s personal property as well as the home suffered substantial damage. See, e.g., Tr.

of Addicks Reservoir. At the northwest auxiliary spillway, there was no flow around or over the
ends, see Tr. 21:18-22 (Site Visit) (Ciliske), however, at the northeast auxiliary spillway, water
flowed around the spillway, see Tr. 24:15-18 (Site Visit) (Ciliske), but not over it, see Tr. 24:8-
14 (Site Visit) (Ciliske). The spillways are intentionally designed to have water flow over them,
but not around. See Tr. 35:19 to 36:4 (Site Visit) (Ciliske).
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1775:24 to 1776:21 (Burnham). The home was uninhabitable for a period of months, at which
time Ms. Burnham sold the property “as is.” See Tr. 1780:15 to 1781:18 (Burnham).

3. Giron residence.

The land owned by plaintiff Juan Giron is a residential property situated within the
Barker Reservoir in Katy, Texas at 4310 Cassidy Park Lane. Joint Stip. § 19. The finished first
floor of the home is set at a 101.5-foot elevation. Joint Stip. § 23. Flooding within the home
attendant to Harvey reached approximately one foot at the high-water mark. See Tr. 1675:7-11
(Test. of Juan Giron). Flood water was present in the home for approximately five days. See
DX608 at 164. The Giron property suffered substantial damage to the home and much of what
was inside was unsalvageable. See, e.g., Tr. 1678:19-22, 1680:3-5 (Giron). At the time of trial,
Mr. Giron was still living in a trailer parked in his driveway. See Tr. 1646:20-21 (Giron).

4. Holland residence.

The land leased by plaintiff Scott Holland is a residential property situated within the
Addicks Reservoir in Houston, Texas at 1923 Wingleaf Drive. Joint Stip. 1 24. The finished
first floor of the home is set at an elevation between 107.8 and 107.9 feet. Joint Stip. { 26.
Flooding within the home attendant to Harvey reached approximately 1.5 feet. See PX526 at 46;
Tr. 1845:23 to 1846:1 (Holland). Mr. Holland evacuated his home on August 28, a daunting
process due to sutures in his stomach and chest still healing from a recent kidney surgery. Tr.
1836:7 to 1838:11 (Holland). Flood water was present in the home for about 3.5 days. DX608
at 164. The home suffered severe structural damage and much of Mr. Holland’s personal
property was destroyed by the flooding. See, e.g., Tr. 1842:1 to 1844:4 (Holland). Because the
home was uninhabitable and he was unable to afford repairs, Mr. Holland was forced to move
away from Houston and reside in a small trailer, where he still lived at the time of trial. Tr.
1844:15 to 1845:11 (Holland).

5. Lakes on Eldridge Homeowners Association.

Lakes on Eldridge is a homeowners association that acquired its real property from the
developer or builder of the Lakes on Eldridge residential subdivision, a gated community in
Harris County situated within the Addicks Reservoir. Joint Stip. 11 27, 28. The property at issue
includes a clubhouse and its associated amenities, a swimming pool, tennis court, volleyball
court, and playground. Tr. 1386:3-16 (Test. of Sue Strebel). Flood water rose to about six feet
above the volleyball courts, Tr. 1398:17-22 (Strebel), approximately six inches in the clubhouse,
PX526 at 46, and was present on the property for at least four days, see Tr. 1401:22 to 1402:11
(Strebel). The clubhouse and various amenities required extensive repairs, see, e.g., Tr. 1390:19
to 1391:21 (Strebel), requiring the clubhouse facility and its amenities to close for eight months,
Tr. 1390:5-12 (Strebel).

6. Micu residence.

The land owned by plaintiff Christina Micu is a residential property situated within the
Barker Reservoir in Katy, Texas at 6411 Canyon Park Drive. Joint Stip. § 31. The finished first
floor of the home is set at a 99.8-foot elevation. Joint Stip. § 36. Flooding within the home
attendant to Harvey reached approximately two feet. See PX526 at 46. Ms. Micu and most of
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her family evacuated the home prior to Harvey. Tr. 1296:11-25 (Test. of Christina Micu). Her
husband gained access to the home via kayak on September 2 and she returned on September 5,
Tr. 1298:22 to 1299:1 (Micu), finding mold growth and extensive destruction of personal
property, see, e.g., Tr. 1299:25 to 1300:10 (Micu). Flood water was present in the home for
about ten days. Tr. 1300:24 to 1301:1 (Micu). The Micu family was forced to reside with a
friend and then rent an apartment before moving back into their home a year after Harvey. Tr.
1306:21 to 1305:7 (Micu).

7. Popovici residence.

The land owned by plaintiff Catherine Popovici is a residential property situated within
the Barker Reservoir in Katy, Texas at 19927 Parsons Green Court. Joint Stip. § 37. The
finished first floor of the home is set at a 102.2-foot elevation. Joint Stip. 1 42. No water entered
inside the home, but it rose to the foundation and was within a couple inches of entering, Tr.
1239:2-5 (Test. of Catherine Popovici), and remained on the property between four and six days,
Tr. 1242:2-12 (Popovici). The flooding around the home prevented ingress or egress and
damaged wooden beams in the structure of the home. Tr. 1243:1-9 (Popovici).

8. Sidhu residence.

Plaintiff Kulwant Sidhu is the joint owner of 29 condominium units used as residential
rental properties and situated within the Addicks Reservoir in Houston, Texas at 16111
Aspenglenn Drive. Joint Stip. 1 43. The property at issue in Mr. Sidhu’s claim at trial consists
of two of his 29 units: Unit 603 (a first-floor, downstairs unit) and Unit 604 (a second-floor,
upstairs unit directly above Unit 603). Joint Stip. {1 44, 46. The finished first floor of the
condominium building in which the two units are located is set at an elevation of 107.0 to 107.1
feet. Joint Stip. § 49. No flood water reached the upstairs unit, Joint Stip. § 48, and it was not
damaged, Tr. 1748:5-7 (Test. of Kulwant Sidhu). Flooding within the downstairs unit attendant
to Harvey reached approximately 2.4 feet, PX526 at 46, and remained for about 4.5 days, DX608
at 164. The flood damage required gutting and renovating Unit 603—a process that took nearly
a year, during which time the unit could not be rented. Tr. 1741:23 to 1742:25 (Sidhu).

9. Soares residence.

The land owned by plaintiff Elisio Soares is a residential property situated within the
Barker Reservoir in Katy, Texas at 20526 Indian Grove Lane. Joint Stip. 50. The finished first
floor of the home is set at a 101.1-foot elevation. Joint Stip. 1 55. The Soares family was on
vacation when Harvey happened, Tr. 1080:12-16 (Test. of Elisio Soares), and they could only
access their home by kayak when they returned on August 31, Tr. 1080:17 to 1081:10 (Soares).
Flooding within the home attendant to Harvey reached approximately 8.4 inches, PX526 at 46,
and was present in the home for approximately four days, Tr. 1086:22-24 (Soares). In addition
to structural damage to the home, a significant amount of the Soares family’s personal property
was destroyed. See, e.g., Tr. 1091:12 to 1092:4 (Soares). The family was forced to live with
friends for two weeks and then in the upstairs of the home, unable to cook meals, until January of
the following year, and the home could not be repaired until May 2018. Tr. 1092:18 to 1093:23
(Soares).

21



Case 1:17-cv-09001-CFL Document 260 Filed 12/17/19 Page 22 of 46

10. Stewart residence.

The land owned by plaintiff Mitchell Stewart is a residential property situated within the
Addicks Reservoir in Houston, Texas at 4719 Eagle Trail Road. Joint Stip. 1 56. The finished
first floor of the home is set at a 108.9- to 109.0-foot elevation. Id. § 61. Flooding within the
home attendant to Harvey reached at least six inches, see PX526 at 46; Tr. 1600:13-15 (Test. of
Mitchell Stewart), and the water was present in the home for approximately four-to-five days,
see Tr. 1607:13-18 (Stewart). The Stewart family suffered damage to much of their personal
property and their home required significant renovations including removing and replacing the
first four feet of the home’s sheetrock. Tr. 1603:25 to 1604:4 (Stewart). The Stewarts were
displaced from their home for about five months. Tr. 1609:17-20 (Stewart).

11. Turney residence.

The land owned by plaintiff Robert Turney is a residential property situated within the
Addicks Reservoir in Houston, Texas at 15910 Red Willow Drive. Joint Stip. § 62. The finished
first floor of the home is set at a 104.5- to 104.7-foot elevation. Joint Stip. § 69. Flooding within
the home attendant to Harvey was about five feet, see PX526 at 46, with the high-water mark
reaching about six feet, see Tr. 2134:18-23 (Test. of Robert Turney). Flood water was present in
the home for over a week. See DX608 at 164. The Turney property suffered great damage that
required the entire interior to be gutted and rebuilt. See Tr. 2136:8-11 (Turney).

12. West Houston Airport.

The West Houston Airport Corporation is the owner of a commercial property situated
within the Addicks Reservoir in Houston, Texas at 18000 Groschke Road. Joint Stip. § 76. The
finished first floor of the terminal building at the West Houston Airport is set at a 108.6-foot
elevation. Joint Stip. § 78. Flooding within the terminal reached a maximum of about 9.6
inches. See PX526 at 46. The flood water reached the terminal on August 29 and receded from
the terminal by September 1. See Tr. 1885:17 to 1886:13 (Test. of Stacey Lesikar-Martin).
Flood water remained on the runways until September 5, with the water receding from the
property line on approximately September 7. See Tr. 1886:17-24 (Lesikar-Martin). The terminal
itself suffered substantial damage, and damage occurred to numerous aircraft, service apparatus,
and vehicles present at the airport at the time of the flooding. See Tr. 2121:6-25, 2124:8-14
(Test. of Woody Lesikar). The airport was not fully operable for seven-to-ten days’ time, and
repairs on the property took about a year. See Tr. 2121:6 to 2123:8 (Lesikar).

13. Wind residence.

The land owned by plaintiffs Kurt and Jean Wind is a residential property situated within
the Addicks Reservoir in Houston, Texas at 5306 Sunbright Court. Joint Stip. 1 70. The finished
first floor of the home is set at a 109.2-t0-109.3-foot elevation. Joint Stip. § 75. Flooding within
the home attendant to Harvey reached approximately two inches. See PX526 at 46; DX608 at
164; Tr. 1633:12-14 (Test. of Kurt Wind). Flood water was present in the home for about two-
to-three days. See Tr. 1635:10-11 (Wind). In addition to significant structural damage to the
home, much of the Winds’ personal property was destroyed by the flooding. See Tr. 1635:11 to
1636:24 (Wind). Due to the damage and necessary repairs, the home was uninhabitable for 11
months. See Tr. 1637:5-7 (Wind).
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E. Expert Reports about the Storm
1. Dr. Bedient.

An expert in hydrology, hydraulics, and floodplain analysis, Dr. Philip Bedient testified
on behalf of plaintiffs regarding the cause of flooding at each of the test properties during
Harvey. See generally PX526; Tr. 1934:11-13 (Bedient).® Dr. Bedient reached his conclusions
by reference to a number of data sources, including slab elevations of the test properties, ground
elevation data, water level gauges for creeks and the reservoir pools, aerial images from the
National Oceanic and Atmospheric Administration, and eyewitness photographs and videos. See
Tr. 1910:1 to 1911:17 (Bedient). Dr. Bedient’s methodology compared the reservoir pool
elevation data obtained from United States Geological Survey gauges to the slab elevation
survey data of each test property, and then confirmed those findings by reference to aerial images
taken on August 30 and LiDAR data (technology for determining ground elevation at numerous
points). See id. He concluded that the flooding at each test property was caused by the water
impounded behind the Addicks and Barker Dams. Tr. 1948:3-12 (Bedient); PX526 at 46.

Dr. Bedient also addressed whether any of the test properties would have flooded without
the dams impounding the rainfall waters or whether any of the properties flooded during Harvey
independently of the reservoir pool levels entering onto the properties. He identified, and
rejected, two other possible causes of the flooding: local drainage systems and riverine flooding.
See generally PX526 at 47-54. His examination of the relevant local drainage systems’
capacities led him to the conclusion that they were capable of adequately handling rainfall much
more intense than Harvey. See PX526 at 49. Likewise, Dr. Bedient concluded that “the riverine
flooding that occurred during Harvey did not cause and would not have caused any of the [t]est
[p]roperties to flood.” PX526 at 54. He reached this conclusion by estimating the flood level
along each of the creeks in the vicinity of the test properties, and then comparing that elevation
to the slab elevation of each test property, except the airport. See Tr. 1984:11-25 (Bedient). He
noted that the airport was a unique situation because of the size of the property but nonetheless
he concluded that because of a high bank attendant to a creek in that location, creek water did not
cause the flooding. See Tr. 1985:18 to 1989:14 (Bedient). He confirmed this observation by
reference to eyewitness testimony and by comparison to the Tax Day flood, which likewise did
not produce airport flooding. 1d. In sum, Dr. Bedient concluded that “[n]one of the test
properties’ structures would have flooded but for the impoundment of rainfall runoff waters
behind Addicks and Barker Dams.” PX526 at 7-8.

2. Dr. Nairn.

Dr. Robert Nairn, an expert in coastal and riverine engineering, with a specialty in
numerical modeling across actual and hypothetical conditions, testified on behalf of the
government using a numerical model of the storm and relevant waterflows. See generally

15Dr. Bedient is a professor of engineering at Rice University and teaches and performs
research in hydrology. Tr. 1901:7-9 (Bedient).
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DX608; see also Tr. 2628:22 to 2629:3 (Test. of Robert Nairn).® Dr. Nairn looked at the water
surface elevations at each of the test properties, specifically examining the rise and drop over
time. Tr. 2636:14-21 (Nairn). Using various input da