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The major tributary rivers above Red River Landing (River Mile 302)
with their respective contributing and noncontributing draiuage areas
and major subdivisions are listed in Table 2.4-1 and shown in Fig.
2.4-1.

The western limit of the drainage area is the Rocky Mountains. The
eastern limit is the Appalachian Mountain chain. About 13,000 sq mi
of the drainage area are in Canada(ref 1).

The Mississippi River rises in northern Minnesota and flows in a
southerly direction to discharge into the Gulf of Mexico at the Head
of Passes. Among the principa! influents are the Missouri River at
River Mile 1,159, the Ohio River at River Mile 964, the White River at
River Mile 583, and the Arkansas River at River Mile 575(ref 1).

The Red and Ouachita Rivers do not physically join the main stem of
the Mississippi River, but discharge directly to the Gulf through the
Atchafalaya River. At River Mile 315, part of the discharge leaves
the main stem of the Mississippi River and flows through the Old River
control structures to the Atchafalaya River.

The valley walls on both sides of the floodplain converge at the
latitude of Red River Landing near Torras, LA (River Mile 302). This
section marks the beginning of the deltaic plain and of the
Atchafalaya River.

The average annual precipitation over the entire Mississippi River
basin is about 30.8 in and varies from 21.8 in over the Missouri River
Basin to 48.5 in over the Lower Mississippi River Basin(ref 1).

River discharge and stage measurement stations are maintained at
numerous locations by the U.S. Army Corps of Eun ineers and the U.S.
Geological Survey. A few have records beginning in the 1870s, but
most of the records started in the 1920s. The runoff volume for the
entire basin averages 480 million acre-feet annually. This ruroff is
equivalent to a mean annual discharge of 660,000 cfs for the entire
basin. Based on Corps of Engineer flow records at Tarbert Landing,
MI, and Red River Landing, LA, the estimated mean annual discharge at
the site is about 447,000 cfs. Table 2.4-2 lists mvnthly and annual
runoff for the drainage areas shown in Fig. 2.4-1.

The Mississippi River and its tributaries have many flow control
structures, such as levees, floodways, and dams The following
discussion provides a description of these structures.

Levees

The alluvial valley of the Mississippi River extends from Cape
Girardeau, MO, about 50 mi upstream from Cairo, IL (River Mile 956) to
the Gulf of Mexico. It varies in width from 20 to 80 mi with an
average width of 45 mi(ref 1). During a flood, the river goes out of
its banks i some areas and deposits sediment, forming banks generally
10 to 15 ft above the floodplain(ref 2). This building of natural
levees occurred, for the most part, before the present levee system
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was constructed. The river has almost uninterrupted manmade levees on
the west bank from Cape Girardeau to the Gulf. On the east side of
the river, levees alternate with high bluffs from Cairo to Baton Rouge
(River Mile 230); from Baton Rouge to the Gulf, there are continuous
levees(ref 1).

The Floodway System

Considering all the control structures in the Mississippi River basin,
the floodway system and associated structures in the river delta have
the most direct bearing on river flood stage at the site. The system
consists of three major floodways, which are the West Atchafalaya
Floodway, the Morganza Floodway, and the Bonnet Carre Spillway plus
the Atchafalaya River proper(ref 3). This system is shown in Fig.
2.4-2.

The Atchafalaya River is the conmtinuation cf the Red River. It starts
at the latitude of Red River Landing (River Mile 302) and discharges
into Atchafalaya Bay at the Gulf of Mexico. Acting as a distributary,
it also receives water from the Mississippi River through the Old
River control structures (River Mile 315)(ref 3).

The West Atchafalaya Floodway also starts at the latitude of Red River
Landing and parallels the Atchafalaya River. The Morganza Floodway
leaves the main stem of the Mississippi River at about River Mile 285.
It flows west and then parallels the two Atchafil:'a floodways and
eventually merges with them to become the Lower Atchafalaya Floodway.
The Bonnet Carre Spillway leaves the main stem of the Mississippi
River at about River Mile 128 and directs floodwaters into Lake
Pontchartrain and then to the Gulf(ref 3,4).

The chronological sequence of floodway operation during a severe flood
would be as follows.

As the river discharge approaches 1,250,000 cfs, the Bonnet Carre
Spillway is opened. The spillway is operated to prevent the Carrolton
(New Orleans) stage from exceeding 20 ft . As the flow increases,
the Old River control structures would be operated to allow water from
the Mississippi River to flow into the Atchafalaya River. The
Morganza Floodway is the next flood relief structure which would be
operated(ref 3,4).

The West Atchafalaya Floodway is protected at its upper end by a fuse-
plug dike that closes its entire length of about 7 mi. Water that
cannot be immediately discharged by the Atchafalaya River proper is
stored in the backwater areas of the Red and Ouachita Rivers.
Backwater storage continues until floodwaters overtop and wash out the
fuse-plug, making the West Atchafalaya Floodway operational. The
remaining flood flow is discharged by the Mississippi River and the
Bonnet Carre Spillway(ref 3,4).

The combined discharge of the inree parallel floodways is on the order
of one-half the Corps of Engineers project design flood (PDF) at the
latitude of Red River Landing. The maximum postulated flood flow that
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Mississippi River. The confined discharge is the flow that would have
been carried within the existing levees had they been high and strong
enough to confine the flood.

The flood of 1927 was the most disastrous in the history of the Lower
Mississippi Valley. It was the result of a series of storms from the
fall of 1926 through April 1927. There were flood waves on the Lower
Mississippi in January, February, and April, each increasing in
magnitude. Approximately 14.7 million acres of the alluvial valiey
were inundated. The major storm occurred April 12 to 16 and produced
extremely high stages on the Upper Mississippi and Missouri Rivers.
The storm was even more severe over the Arkansas and Red River Basins.
With the rivers on the rise, another intense storm followed April 18
to 24, Crevasses and breaks in the levees occurred all along the
Lower Mississippi.

The 1973 flood was among the greatest recorded on the Mississippi
River. During December 1972, over 4 in of precipitation fell over
most of the Ohio Basin, and over 8 in over large portions of the
Tennessee and Cumberland Basins. Widespread rainfail occucred
throughout much of January 1973, and precipitation in the White, Lower
Missouri, and Lower Arkansas Basins reached or exceeded 150 percent of
normal.

During March, most of the area that contributes to Mississippi River
flooding experienced precipitation in excess of 150 percent of normal,
the principal exception being the Upper Ohio Basin. Large areas
received over 200 percent excess, and areas of the Arkansas and
Missouri Basins received over 400 percent of normal rainfall.

During April, precipitation in excess of 150 percent of normal fell
over the Upper Mississippi, tle Upper Ohio, and the Lower Mississippi
Basins, and pa:ts of the Arkansas-Red Basins. In May, heavy rains
fell over the upper Mississippi Valley and over the Ohic River
southward to the Gulf. There was also considerable above-normal
precipitation in June.

It can be seen that the cause of flooding in 1973 was not one or two
large storms, but rather a long, continued excess of precipitation.

In eurly December 1972, the M ddle Mississippi was falling and the
Lower Ohio, Tennessee, and Cumberland Rivers were rising. The crest
inflow to the Cairo, Illinois reach at the upstream portion of the
Lower Mississippi (River Mile 956) was about 1,100,000 cfs, of which
the Middle Mississippi contributed only about 175,000 cfs.

By the end of January 1973. the Middle Mississippi had risen to a
crest of about 450,000 cfs, but, owing to a flow reduction on the
Lower Ohio and its tributaries, the simultaneous crest inflow to the
Cairo reach was less than 900,000 cfs. The Mississippi River flow at
Helena, Arkansas (River Mile 663) remained above 1,000,000 cfs until
the middle of January, but the Arkansas and White Rivers were not
unusually high, so th.t the crest inflow below the mouth of the
Arkansas River (River Mile 584) did not exceed 1,200,000 cfs.
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During February, the Middle Mississippi produced discharges which

again exceeded 450,000 cfs. However, the Lower Ohio and its
tributaries contributed only moderately, so that the crest inflow to
the Cairo reach had a peak of about 950,000 cfs. At Helena, the crest
discharge exceeded 1,000,000 cfs, but Arkansas-White contributions
were not excessive and the peak inflow below the mouth of the Arkansas
was less than 1,200,000 cfs.

By the beginning of M-rch, flow from all the major tributaries was
reduced, and the Middle Mississippi was discharging less than 250,000
cfs. The unusually small contributions from the Lower Onio and
tributaries brought thk. total main stem flow at Cairo to less than
450,000 cfs. At this time, a general rise began. By the end of
March, the Middle Mississippi was discharging about 700,000 cfs, and
other contributions brought the Cairo discharge to over 1,500,000 cfs.
This proved to be the Cairo crest. However, the Middle Mississippi
continued to rise, reaching a crest at St. Louis of about 850,000 cfs
on April 29, resulting from nearly, but not quite, coincident crests
of 450,000 cfs on the Missouri River and 530,000 cfs from the Upper
Mississippi system.

In the middle of April, the Cairo discharges eased a little, but then
began to rise again. In early May, a second crest occurred, nearly as
great as the first. Meantime, during April, rises occurred on the
Arkansas and White Rivers, culminating near the end of April in a
combined discharge of about 540,000 cfs. Tuese flood waves were so
timed as to combine with the second Cairo crest to produce a crest
discharge of about 1,880,000 cfs below the mouth of the Arkansas in
early May.

The Red-Ouachita River system produced a i'ood wave with timing such
as to combine with the Mississippi in early May to produce a crest
flow of about 2,150,000 cfs below the latitudc of the mouth of Red
River. This flow was distributed to the Mississippi River and the
Atchafalaya River and floodway system.

About 12 1/2 million acres were inundated along the Middle and Lower
Mississippi. From St. Louis to New Orleans, the river was generally
out of banks from mid-March until June 1973. “the 1973 flood crest
would be expected to recur about once in 20 yr at Cairo. Due to the
coincidence of flooding from the St. Francis, White, Arkansas, and
Yazoo Basins, the recurrence frequency at Vicksburg, Mississippi
(River Mile 437) is estimated at 40 yr.

Except for some problems in the unleveed backwater areas and in the
Atchafalaya Basin, the flood was successfully contained within the
main stem levees. However, in the middle reach of the river where
levee cutoffs were made in the 1930s and 1940s, there was evidence of
reduction in channel capacity. Stages in this reach were considerably
higher than had been expected for the discharges experienced. No
abnormal trend of this sort was observed below Red River Landing
(River Mile 301)(ref 6).
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determining OBE and SSE seismic intensities. This earthquake had an
epicenter about 50 mi south-southeas: of the River Bend Station and an
epicentral intensity of VI (M.M.). The limit of bank caving is
related to an intensity VII (M.M.), and there was no bank caving
associated with the Donaldsonville earthquake. The foundation
conditions at the River Bend Station are better than most areas that
felt the Donaldsonville earthquake, and better than the recent
floodplain deposits in the immediate Donaldsorville vicinity.
Therefore, the intensity felt at Donaldsonville due to the
Donaldsonville event would be more highly amplified than a similiar
event occurring at the kiver Bend Station. It is therefore
conservative to apply a Donaldsonville intensity VI (M.M.) at the site
for determining OBE and SSE intensities. However, assuming an
intensity VI earthquake did occur, no bank caving would result,

The Donaldsonville earthquake was determined to have a maximum ground
motion of about 0.07 g. The OBE at the River Bend Station is
conservatively assumed to have a maximum ground motion of 0.05 g.
Therefore, it can be inferred that an OBE would not cause bank caving
at the River Bend Station. It is unlikely that an SSE, with a
conservatively assumed maximum ground motion of 0.1 g, would cause
bank caving. However, this has been assumed for the flood analysis.
Since the channel conditions for the 1/2PMF + OBE would be the same as
for the PMF, it is seen that the PMF would be more severe. Therefore,
the PMF is considered the design basis for the flooding ananlysis.

2.4.2.3 Effects of Local Intense Precipitation

An analysis of plant drainage was perfcrmed to determine whether
safety-related equipment could be tlooded during an occurrence of the
probable maximum precipitation (PMP). The following discussion
pertains to tlooding in the immediate plant area. Flooding of local
streams, in combination with severe seismic events, is discussed in
Section 2.4.3.

Safety-relatea equipment at the River Bend Station is located in
buildings protected from floodwater entry or situated at a minimum
elevation of 98 ft msl. Finish grade at the edge of plant buildings
is about 95 ft msl. The elevation of the road surrounding the
buildings varies from 94 to 100 ft msl. Grassed areas between
buildings and roads are at 93 to 94 ft msl. Railroad spurs in the
plant area have a top-of-rail elevation of 95 ft msl.

Fig. 2.4-6 shows the immediate plant area and drainage patterns. The
area that could produce runoff accumulation near plant building is
outlined. Normal plant area drainage is effected by dirccting runoff
into the storm drain system, drainage ditches and culverts. All local
runoff is conveyed to West Creek or East Creek. There are no onsite
areis which could produce ponding of runoff to an elevation greater
than 96 ft msl.

During an extreme meteorological event such as the PMP, storm runoff
in the eastern area of the site would drain to the storm drain system.
For a rainfall intensity greater than the storm drain capacity, water
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[ABLE - 37

Ponding and Seepage in the Unit 2 Excavation

Runoff Inflow Seepage Flow Ponded Bnlumc Ponded Elevation Groundwater Level
(cfs) (cfs) (fT ) (ft msl) 50 ft Into Embank-
ment (ft msi)

190,555
/40.813

, 129,308
,809, 160
,697,308
2,957,076
, 100,276

SN WG

W

(2)

1,234,000 Cu
Itration period 18 C\llu[)ir:Lt"J.

1al groundwater level.
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FIGURE 2.4-9

RIVER BEND STATION
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FABRIFORM CHANNEL CROSS SECTION
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QUESTION 240.7 (2.4.2.

At tho construction permit stage the results of the analysis
of flood conditions on West Creelr indicated the peak water
level could reach ar elevation of 98.49 ft MSL. It is
stated in Section 2.4.2.2 of the FSAR that the maximum water
elevation that would be produced is ©5.1 ft MSL. Also, the
SER for the construction permit stage discussed a PMF peak
discharge of 5460 cfs for West Creek. Section 2.4.3.4.2 of
the FSAR indicates a West Creek PMF of 4000 cfs. Provide a
detailed discussion of the reasons for the modifications in
water surface elevation and PMF dischaige estimates. The
data to be provided in your discussiorn should include
channel cross sections, assumptions, and calculations to
allow for an independent staff evaluation.

RESPONSE

The cd.fference of PMF flow in the PSAR and FSAR is due to a
change in calculation methodology. The modifications in
water surface elevation in the PSR and FSAR are due to the
clhange in PMF estimates.

In the PMF analysis at the construction permit stage, the
West Creek basin was divided into the upper and lower basins
with th> north plant road as the dividing line. The upper
basin was treated as one basin and the unit hydrograph
derived from Hudlow's Average dimensionless hydrograph was
used to estimate the PMF. The .lower basin was further
subdivided into 18 areas. The PMF in each subarea was
analyzed using the rational method. The peak PMF flow of
th. entire drainage basin was then determined by combining
all PMF peak flows.

The methodology used in the PSAR to calculate the PMF in
West Creek basin was an ultra-ccnservatlve approach. In an
{7f‘ort to establish a mure reasonabl methodology, the
e

INSERT ntire West Creek bas;n was treated as one basin in the FSAR

—»{’and the same Hudlow's method was used to estimate PMF.\ This
modification greatly reduced the peak PMF flow at the site.
INSERT 2 ‘ghe approach of determining the surface water exwvatlons(is\

—=|{the same in both the PSAR and ESAR. —

The assumptions nd calculations of the latest PMF are
discussed in Section 2.4.3. The locations of the cross
sections used 1in the determination of the surface water
elevations are shown in Figure 2.4-21. The detaileda data of
these channel cross sections are presented in Tables 2.4-24
and 2.4-25 and Figures 2.4-22 through 2.4-28.

Amendment 5 Q&R 2.4-7







RBS FSAR

QUESTION 240.10 (2.4.2.3)

The characteristics of the site drainage network is highly
dependent on grading and railroad track rail elevations.
Provide deta’.ed drawings of drainage areas that includes
ponding locations, direction of flow, and a profile of the
top of railroad track steel rails.

RESPONSE

request S
2.4-6a.V

provided ] revised

Amendment 5




