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ABSTRACT

Regional flood-hazard assessments performed for the Paducah and Portsmouth
Gaseous Diffusion Plants are reviewed, compared, and contrasted to determine
the relationship of probable maximum flood methodology with respect to U.S.
Department of Energy design and evaluation guidelines. The Paducah
assessment was carried out using probable maximum flood methodology, while
the Portsmouth assessment utilized probabilistic techniques. Results indicated
that regional flooding along nearby rivers would not inundate either plant, and
that the guidelines were satisfied. A comparison of results indicated that the
probable maximum flood recurrence interval associated with the Paducah
assessment exceeded the 10,000-year requirement of the guidelines, while
recurrence intervals obtained in the Portsmouth assessment could be above or
below 10,000 years depending on the choice of the probabilistic model .used to
perform the assessment. It was concluded, based on an analysis of two data
points, that smaller watersheds driven by single event storms could be assessed
using probabilistic techniques, while probable maximum flood methodology
could be applied to larger drainage basins flooded by storm sequences.

INTRODUCTION

Uniform design and evaluation guidelines have
been developed to protect facilities at U.S.
Department of Energy (DOE) sites from natural
phenomena hazards [1]. The goal of the UCRL-15910
guidelines is to assure that DOE facilities can safely
withstand the effects of natural phenomena such as
earthquakes, extreme winds and storms, and floods.
This paper presents, compares, and contrasts results
obtained from regional flood hazard assessments
performed for the Paducah (PGDP) and Portsmouth
(PORTS) Gaseous Diffusion Plants located near
Paducah, Kentucky, and Piketon, Ohio, respectively
[2,3]. These uranium enrichment plants are Moderate
Hazard facilities having a performance goal annual
exceedance probability of 0.0001 because radioactive

materials are handled and stored on-site. The
guidelines require that PGDP and PORTS be capable
of withstanding the effects of a flood having a
10,000-year recurrence interval along the nearby Ohio
and Scioto Rivers, respectively, and that failure of
upstream dams does not jeopardize critical,
safety-related facilities.

Dam failure does not constitute a flood hazard at
either PGDP or PORTS. Further discussion of dam
failure as it relates to flooding at PGDP and PORTS
can be found in reports by Johnson et al. [2] and
Wang et al. [3].
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REGULATORY BACKGROUND

Criteria for the design and evaluation of DOE
facilities are provided by the General Design Criteria
Manual, DOE Order 6430.1A |4], DOE 6430.1A
requires that facilities be designed for design basis
events which include a consideration of natural
phenomena such as earthquakes, extreme winds and
storms, and flooding. DOE 6430.1 A refers to
guidelines set forth in UCRL-15910 [1] for
determination of the actual design basis events, or
loads. Similar guidance is offered for the preparation
of Safety Analysis Reports for facilities managed by
DOE Oak Ridge Operations in the DOE/OR-901
docur ";nt [5] which also refers to UCRL-15910 for
guidance on the determination of specific design basis
events.

Confusion occurs when this methodology is
utilized to evaluate water levels caused by river
flooding. Both DOE 6430.1 A and DOE/OR-901
suggest a deterministic approach based on the
Probable Maximum Flood (PMF), while referring to
UCRL-15910 for information on how to perform the
actual PMF calculation. However, UCRL-15910
endorses the use of probabilistic methods for the
determination of regional flood levels, and does not
address formal calculation of the PMF. Although a
PMF calculation may consider and possibly include
some frequency (i.e., probabilistic) based parameters,
the methodologies, deterministic versus probabilistic,
are fundamentally and conceptually different.

The UCRL-15910 guidelines recommend a
two-phase evaluation process to assess flood hazards
at DOE facilities. In the first phase, flood screening
analyses are performed using available hydrologic data
and the results of previous studies to obtain a
preliminary assessment of the potential for extreme
flooding. The second phase of the process, which
consists of a detailed probabilistic flood hazard
assessment, is undertaken if the results of the first
phase indicate that a potential for flooding does exist.
The National Research Council [6] has endorsed the
use oi probabilistic methods for the assessment of
flood hazards.

The PMF is defined as the most severe flood that
can reasonably be predicted to occur at a given site as
a result of hydrometeorological conditions. The PMF
is not intended to be the worst flood that can occur,
but the most severe flood that can reasonably be
predicted. For a PMF to occur, a Probable Maximum
Precipitation event must be critically centered and

distributed on the watershed in conjunction with a
sequence of related meteorologic and hydrologic
factors typical of extreme storms. Deterministic PMF
analysis is outlined in Nuclear Regulatory
Commission Guide 1.59 [7] and American Nuclear
Society Standard ANSI/ANS-2.8-1981 [8]. Regulatory
Guide 1.59 addresses calculation of the PMF
discharge, while ANSI/ANS-2.8-1981 is concerned
with determination of the corresponding flood stage.
Regulatory Guide 1.59 and ANSI/ANS-2.8-1981 were
developed to address flooding issues pertaining to the
licensing of commercial nuclear power plants.

PADUCAH ASSESSMENT METHODOLOGY

The PGDP, which was assessed using
deterministic methodology, lies on a 1,385 ha
(3,423 acres) federal reservation located 16 km (10
miles) west of Paducah and 5 km (3 miles) south of
the Ohio River. The confluence of the Mississippi and
Ohio Rivers occurs approximately 56 river km (35
river miles) downstream from PGDP just below Cairo,
Illinois. The drainage basin of the Ohio River is vast,
having an area of 527,980 km2 (203,940 miles2) and
flowing through ten states [9]. The drainage basin
area above Metropolis, Illinois, located immediately
across the river and just upstream from PGDP to the
northeast is slightly smaller, being 526,000 km2

(203,000 miles2) [10].

A gaging station is located at Metropolis for
which flood records are available [10]. The 1937 flood
of record (unregulated) crested at Metropolis at an
elevation of 104.51 m (342.87 ft) [elevations are
referenced with respect to the National Geodetic
Vertical Datum of 1929, or its assumed equivalent
mean sea level]. The discharge corresponding to this
flood stage was 52,400 m3/s (1,850,000 ftVs). The
PGDP would not have been inundated by the 1937
flood because nominal plant grade is located at
elevation 116 m (380 ft). The top-of-slab elevations of
the main process buildings which are critical,
safety-related structures are slightly above plant grade.
The Ohio River would have to rise an additional
11 m (36 ft) relative to the 1937 flood before
inundation would constitute a hazard to PGDP.

Flooding along the lower main stem of the Ohio
River has historically been caused by a sequence of
storms occurring over weeks, or even months. While
single-event storms have caused flooding in the upper
reaches of the watershed near Pittsburgh,
Pennsylvania, corresponding storms along the lower
main stem have not been a major problem. A
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sequence of storms having a 10,000-year recurrence
interval which can be critically distributed over the
Ohio River watershed above PGDP would be very
difficult, if not impossible, to define. The record
length of single-occurrence storm data is too short to
provide reliable recurrence interval estimates, or to
determine the conditional probabilities required to
produce hypothetical storm sequences (11].

An information exchange workshop was held on
March 20,1990 at the Oak Ridge Gaseous Diffusion
Plant in Oak Ridge, Tennessee, to discuss
determination of Ohio River flood levels for a safety
analysis of PGDP [12]. The consensus developed
during the workshop was to scope the consequences
of a major flood near PGDP using a deterministic,
PMF analysis as outlined in Regulatory Guide 1.S9
and ANSI/ANS-2.S-1981. Such a scoping phase, or
flood screening analysis, is recommended in
UCRL-15910 to provide an initial evaluation of the
flooding potential of a given site. In some cases, the
screening effort can effectively demonstrate that flood
hazards are extremely rare, and that the performance
goals of UCRL-15910 are indeed satisfied. Further
motivation for this methodology is provided by the
fact that the 1937 flood of record on the Ohio River
would not have inundated PGDP. Finally, prior
experience with the commercial nuclear power plant
licensing process could provide a solid foundation
from which to defend the PMF approach as a
reasonable, and possibly conservative (recurrence
interval higher than required) estimate of the 10,000-
year flood.

Should the PMF calculation yield a flood stage
above plant grade, the need for a detailed
probabilistic flood hazard assessment at PGDP would
be indicated. The purpose of the deterministic, PMF
analysis is to serve as an initial screening study which
satisfies, and more than likely exceeds the
requirements of UCRL-15910, so that an appropriate
decision can be reached as to whether or not further
work, using a probabilistic approach, is required to
assess the flood hazard potential at PGDP from the
Ohio River.

The U.S. Army Corps of Engineers (COE) has
jurisdiction over, regulates the flow of, and is
responsible for flood control and protection along the
Ohio River. Deterministic PMF methodology has
been used by the COE to assess potential flooding
along Ohio River tributaries. Similar calculations have
not been performed for the lower main stem of the
Ohio River neaT PGDP. The COE does not consider

the assignment of an annual cxcccdance probability to
the PMF to be appropriate (12]. Probabilities beyond
the 500-year flood (i.e., 0.002 annual excecdancc
probability or less) are not considered to be
meaningful, a position supported by the National
Weather Service [11]. A probabilistic flood hazard
assessment would require selection of a major
precipitation event composed of several storms having
a specified recurrence interval critically centered on
the Ohio River watershed in conjunction with a
sequence of hydrometeorological factors typical of
extreme storms. Definition of this sequence of
precipitation events is complicated by the vast
drainage area of the Ohio River watershed. Technical
defense of a UCRL-15910 probabilistic hazard
analysis could be more difficult to substantiate than a
PMF calculation.

PADUCAH ASSESSMENT

Appendix B of Regulatory Guide 1.59 contains
isoclines of equal PMF discharge covering indexed
drainage areas from 260 to 52,000 km2 (100 to 20,000
miles2), for watersheds cast of the 103rd meridian. A
linear, least-squares curve fit was passed through the
data points obtained from this appendix to extrapolate
the PMF discharge to a drainage basin area of
526,000 km2 (203,000 miles2). The Ohio River PMF
discharge at PGDP was found to be 113,000 mVs
(4,000,000 ftVs).

The ANSI/ANS-2.8-1981 standard states that the
river stage should be estimated using Manning's
equation, an average slope of the channel floor, river
cross-sectional areas, and conservative friction factors.
The computer program selected to calculate the river
stage corresponding to the PMF discharge was HEC-2
developed by the U.S. Army COE [13].

The HEC-2 program computes water surface
profiles for steady, gradually varied flow in open
channels. The theoretical analysis is based on a
one-dimensional energy equation with fluid friction
described by Manning's equation. Gradually varied
flow considers simultaneous variation of the energy
and hydraulic grade lines as well as the slope of the
channel floor [14].

The Louisville District of the COE made
available for this study their HEC-2 input file used for
analysis of flood prediction and control along the
lower main stem of the Ohio River [15]. This data set
contains 40 cross sections between Ohio River Mile
980 located below Cairo approximately 1.6 km
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(1 mile) above the confluence of the Ohio and
Mississippi rivers, and Metropolis at Mile 944.1. The
PGDP is located at Ohio River Mile 945.

The COE cross sections were not wide enough to
carry the PMF discharge and had to be extended to
accommodate the increased (low. The cross sections
were extended by digitizing U.S. Geological Survey
topographic quadrangle maps having a 1:24,000 scale.
Extended cross sections between Metropolis and
Mile 974.1 where the Cache and Ohio rivers join,
varied in width from 8 to 16 km (5 to 10 miles).
Further downstream, the river width increased from
35 to 224 km (22 to 140 miles). Westerly
physiographic features which contain the Ohio River
as it flows onto the Mississippi Embayment of the
Gulf Coastal Plain include the Ouachita and Ozark
Mountains, and Crowleys Ridge, a north-to-south
trending surficial feature [2].

The PMF flow velocities are relatively low. The
open channel flow regime is subcritical or tranquil
such that disturbances propagate upstream. Thus,
HEC-2 was initialized using a prescribed water surface
elevation downstream at Mile 980 immediately below
Cairo and slightly above the confluence of the Ohio
and Mississippi Rivers. The computational procedure
then steps backward towards PGDP while resolving

the desired water surface profile. Clearly, there is no
known PMF water surface elevation. The COE
supplied their stage-discharge relationship at Mile 980
which is shown in Figure 1 [IS]. The COE assigns
recurrence intervals to each of the eight data points
comprising the relationship as indicated in Figure 1.
No data points have recurrence intervals exceeding
500 years.

Two extrapolations are possible to estimate the
PMF elevation at Mile 980 using the COE supplied
stage-discharge relationship in Figure 1. A linear,
least-squares curve fit to the lower seven
stage-discharge coordinates is the line having the
higher slope, while a second line passed through the
two topmost points has a lower slope. The difference
in slope is caused by the change in channel cross
section that occurs as the discharge is increased. The
steeper curve would result if the channel sidewalls
were extended vertically with no overbanking. The
reduced water level elevations exhibited by the lower
curve occur because of the increased effective flow
area that is wetted when the river overbanks the main
channel. The steeper curve provides an upper bound,
while the lower one is physically more realistic.

Two starting water level elevations are available
from Figure 1 at the PMF discharge. The

ORNI.DWG91M-11765R
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369 ft

Result at Mile 345
near PGDP, KY
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Figure 1. Ohio River flood elevations
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extrapolated, initial values al Mile 980 are 109.4 m
(359 ft) if no change in hydraulic geometry occurs,
and 102.4 m (336 ft) when overbanking is considered.
The PMF elevation at Mile 945 near PGDP was
calculated using HEC-2, the extended cross sections,
and the initial elevations at Mile 980. Manning's n,
reach lengths, and expansion/contraction coefficients
in the COE HEC-2 input file were retained. The
results of these computations appear in Figure 1. The
PMF elevation at PGDP would be 112.5 m (369 ft)
assuming no change in hydraulic geometry. If
overbanking occurs, the PMF water level would
decrease to 109.7 m (360 ft). The lower, more realistic
HEC-2 PMF elevation agrees with a similar result [2]
obtained using a linear, least-squares curve fit through
McCabe's [10] flood data which accounts for
overbanking.

The 109.7 m (360 ft) PMF elevation assumes
natural conditions in the Mississippi River. The Birds
Point/New Madrid Floodway now protects lowlands
below Cairo. Levee system backpressure would
increase the 1937 Ohio River flood stage at Cairo by
1.5 m (5 ft) [16]. Using the lower curve in Figure 1 a)
Mile 980, the river stage at Cairo would be 1017 m
(337 ft) based on the stage increase and the 1937
discharge. Construction of a line between this result
and the next-to-the-last, 100-year data point allows
extrapolation to the PMF discharge. The PMF
starting elevation at Mile 980 with the floodway
present would be 107.3 m (352 ft). The HEC-2 PMF
elevation at Mile 945 near PGDP calculated with the
extended cross sections then would be 111.3 m
(365 ft) with the floodway present.

The appropriate PMF flood stage elevation at
PGDP was 111.3 ± 0.6 m (365 ± 2 ft) at a discharge
of 113,000 nrVs (4,000,000 ft3/s) since it could not be
known a priori if the Birds Point/New Madrid
Floodway would be intact. The tolerance estimate
appended to the PMF stage was obtained from the
study by Buraham and Davis [17] which evaluated the
effects of HEC-2 input errors on computed water
surface profiles. The PMF would not inundate PGDP.

An estimate of the recurrence interval-discharge
relationship can be obtained by performing a
nonlinear, least-squares analysis of the eight COE
data points at Mile 980 displayed in Figure 1 [2]. At a
recurrence interval of 10,000 years, the discharge was
calculated to be 56,600 m3/s (2,000,000 ftVs) which is
50% below the PMF discharge. The recurrence
interval corresponding to the PMF discharge was
estimated to be 0.4 billion years, an expected result

based on published PMF recurrence interval estimates
[18]. The UCRL-15910 10,000-year recurrence interval
requirements are clearly exceeded by the PMF
calculation. If PGDP would noi be inundated during a
PMF, flooding would not be expected to occur during
a 10,000-year flood.

PORTSMOUTH ASSESSMENT
METHODOLOGY

The PORTS, which was assessed using
probabilistic methods, lies on a 1,619 ha (4,000 acres)
federal reservation located in rural Pike County,
Ohio, 8 km (5 miles) south of Piketon and 43 km
(27 miles) north of Portsmouth. The plant is located
on higher ground 3 km (2 miles) east of the Scioto
River Valley and 37 m (120 ft) above the river's
floodplain. The Scioto River flows in a north-to-south
direction, emptying into the Ohio River at
Portsmouth. The Scioto River basin drains an area of
1,700,000 ha (6,510 mile2), the second largest in Ohio

PI-
A gaging station is located at Higby 21 km

(13 miles) north of PORTS for which flood records
arc available [19, 20]. The 1913 flood of record
crested at elevation 182.54 m (598.9 ft). The Scioto
River drops 12.2 m (40 ft) between Higby and
PORTS. The 1913 flood crested at elevation 170.35 m
(558.9 ft) at PORTS. The 1913 flood discharge is
unknown. The peak discharge measured at Higby of
5,013 m3/s (177,000 ft'/s) occurred during the 1937
flood.

The PORTS qualifies as a possible dry site
because of its relatively high topographic location
with respect to the Scioto River. A dry site is
interpreted in UCRL-15910 to mean that
facilities are located high enough above potential
flood sources such that a minimum level of analysis is
required to demonstrate that design guidelines are
satisfied. Probabilistic methods were selected to
evaluate the potential for flooding at PORTS.

Methods for performing comprehensive,
probabilistic flood hazard assessments at DOE sites
are outlined by McCann and Boiisonade [21, 22) and
Savy and Murray [23]. The PORTS analysis utilizes a
subset of the statistical flood models discussed in
these reports to assess flooding potential. Recurrence
intervals for the measured flood flows at Higby were
first calculated using a Weibull analysis [24, 25]. The
discharge was then extrapolated to the 10,000-year
recurrence interval using a log Pearson HI frequency
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distribution [26], Gumbel's extreme value theory [27,
28], and linear, least-squares methodology. Finally, the
stage corresponding to the extrapolated discharge was
obtained using a rating curve developed from the
Higby measurements. Wang et al. [3] provides further
discussion of the computations.

PORTSMOUTH ASSESSMENT

Results from the PORTS probabilistic flood
assessment are displayed in Figure 2. Flood stage
elevations in Figure 2 have not been adjusted for the
drop of the riverbed that occurs between Higby and
PORTS. Translation of the Higby flood elevations to
PORTS is accomplished by subtracting 12.2 m (40 ft).
The 10,000-year flood elevation at Higby is 184.4
± 2.4 m (605 ± 8 ft) based on the Cumbel, log
Pearson III, and least-squares analyses. The
corresponding 10,000-year flood elevation at PORTS
is 172.3 ± 2.4 m (565 ± 8 ft). Nominal plant grade
elevation at PORTS is 204 m (670 ft). The PORTS
qualifies as a dry site because 29.6 m (97 ft) of
freeboard is available based on the more conservative

(higher flood stage) least-squares prediction.
Regional, 10,000-year flooding from the Scioto River
would not inundate PORTS.

Flood stages at Higby and three downstream
locations closer to PORTS obtained from the
Huntington District of the COE [29] also appear in
Figure 2. Big Beaver Creek empties into the Scioto
River due west of PORTS. The COE 50-, 100-, and
500-year Higby flood levels agree with the results
obtained using least-squares methods.

The UCRL-15910 guidelines recommend that an
estimate of statistical uncertainty be included in an
analysis of regional flooding. There are three main
sources of uncertainty associated with the PORTS
flood stage determination: (1) uncertainty in the
stage-discharge relationship measured at Higby,
(2) uncertainty caused by the finite length of the
historical flood record, and (3) uncertainty from the
choice of flood models. An estimate of the model
choice uncertainty was calculated to be ± 2.4 m (8 ft)
using the results shown in Figure 2. Uncertainty from

ORNI..DWG91M.117C4H

Scioto River

606

Highway 23
Highway 124

Big Beaver Creek
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Figure 2 Scioto River flood elevations
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the measurements and the finite length of the
historical flood record was estimated using methods
recommended by the U.S. Water Resources Council
[30] and by constructing forecast intervals [31].
Inclusion of these other two sources of uncertainty
increases the range of this interval to ± 3.4 m (11 ft)
based on a 95% confidence level [3]. Consideration of
these additional sources of uncertainty does not alter
the conclusion relative to PORTS being a dry site, or
the finding that inundation would not occur during a
10,000-year flood.

The PMF elevation of 184 m (606 ft) at Higby
also appears in Figure 2. The PORTS PMF elevation
is 112 m (40 ft) lower or 172.5 m (566 ft). The PMF
discharge of 28,300 mVs (1,000,000 fr7s) was
calculated usiiig Appendix B of Regulatory Guide 1.59
and, is based on the total area of the Scioto River
basin. The PMF result is in good agreement with the
mode) predictions displayed in Figure 2. Discharges
corresponding to the flood stages in Figure 2 are
7,900 mJ/s (280.000 ftJ/s), 14,900 m'/s (526,000 ftJ/s),
and 84,400 ms/s (2,980,000 ft'/s) tor the Gumbel, log
Pearson III, and least-squares models, respectively.

The PMF result is shown in Figure 2 as a
horizontal arrow because its recurrence interval is
unknown. The PMF recurrence interval could be
smaller than 10,000 years, but is expected to exceed
this value. Three PMF recurrence interval estimates
are available from the intersection of the flood model
results displayed in Figure 2 with the horizontal line
that defines the PMF elevation. The PMF recurrence
interval corresponding to the linear, leasi-squares
analysis can be read directly from Figure 2 and is
1,000 years. Wang et al. [3] developed a quadratic,
least-squares curve fit which relates recurrence
interval to discharge for use with the log Pearson III
model. The quadratic was utilized to calculate
discharges for extended recurrence intervals when log
Pearson III frequency factors were not readily
available. The PMF recurrence interval estimate
obtained with the log Pearson HI quadratic was
800,000 years. The Gumbel model was extended
using graphical techniques to assess the cycle in which
the PMF elevation equaled the Gumbel result. The
PMF recurrence interval derived from the Gumbel
model ranged from one to ten billion years.

COMPARISON

These two assessments contrast each other since
the first for PGDP was carried out using a
deterministic PMF analysis, white the second for

PORTS followed DOE guidelines which recommend
the use of probabilistic methods. Both approaches
satisfy the intent of the guidelines. The PGDP
assessment is based on principles from open-channel
hydraulics, while the PORTS assessment utilized
mathematical expressions obtained with theoretical
probability distributions that approximate the
description of hydrologic processes.

In both assessments, the recurrence interval,
discharge, and stage associated with the PMF
exceeded corresponding results for the 10,000-year
recurrence interval. The only results which violated
this trend were obtained with the PORTS linear,
least-squares model. The differences between results
were more exaggerated for PGDP, which had the
larger drainage basin, than for PORTS. From these
results, it can be inferred that sites located along the
lower reaches of primary, main-stem rivers having
large drainage basins which flood during a sequence
of storms may be analyzed using PMF methodology to
assess compliance with UCRL-15910 guidelines.
Smaller watersheds should be analyzed using
probabilistic methods since the concept of a single
major storm event to drive the flood is technically
defensible and more easily defined.

Since the differences between results for the
PMF and the 10,000-year recurrence interval decline
with decreasing drainage basin size, a crossover point
exists where PMF methodology may not provide
conservative (recurrence interval exceeding
10,000 years) estimates when compared to
probabilistic flood predictions. An estimate of the
crossover point location can be obtained using the
results from the PGDP and PORTS assessments. The
estimation procedure is sketched in Figure 3 where
the watershed area is plotted versus PMF recurrence
interval. The exponential curve can be constructed
using the two data points available from the PGDP
and PORTS analyses. The results of the curve fitting
procedure are insensitive to the recurrence interval
available from the PORTS linear, least-squares and
log Pearson HI models. Essentially equal values of A,
and B can be obtained using either the least-squares
or log Pearson III data point in conjunction with the
PGDP result to perform the calculation. The
recurrence interval obtained from the PORTS
Gumbel analysis is disregarded because it does not
follow the trends exhibited in Figure 3, and because it
approaches the 5-billion-year age of the solar system
[32]. The constant B has a value of 8.6 x 10'years'
while the desired unknown A, is equal to 16,800 knr
(6,500 miles2). PMF methodology could yield
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Figure 3. Watershed size versus recurrence interval (not to scale)

unconservative (recurrence interval less than 10,000
years) flood predictions relative to probabilistic
methods when applied to watersheds smaller than A«.

Precise location of the crossover point and
detennination of the critical size of the drainage basin
obviously will require results from many assessments
for varying watersheds using both PMF and
probabilistic methodology. Many watersheds located
in the U.S. have drainage basins smaller than A*. The
results that have been presented indicate that a
probabilistic analysis may be more appropriate for
smaller watersheds to assess compliance with
UCRL-15910. The PMF methodology could actually
yield unconservative results which do not meet the
10,000-year requirements of UCRL-15910 when
applied to smaller watersheds. Conversely, PMF
methodology may be more appropriate for larger
watersheds driven by storm sequences.

CONCLUSIONS

Regional, 10,000-year flooding would not
inundate either the PGDP or PORTS. PMF

methodology may be appropriate for assessing the
potential for regional flooding when the size of the
drainage basin becomes large and when flooding is
driven by storm sequences. A preliminary estimate of
-he critical watershed size above which PMF
methodology yields conservative flood predictions
exceeding the 10,000-year recurrence interval
requirements of UCRL-15910 is 16,800 km2

(6,500 miles2). Smaller watersheds are appropriately
assessed using UCRL-15910 guidelines since PMF
methodology, when applied to them, could predict
flood levels whose recurrence interval is below
10,000 years.
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ACRONYMS

COE Corps of Engineers
DOE Department of Energy
HEC Hydrologic Engineering Center
PGDP Paducah Gaseous Diffusion Plant
PMF Probable Maximum Flood
PORTS Portsmouth Gaseous Diffusion Plant

MATHEMATICAL SYMBOLS

A watershed area (mile2)
A« critical watershed size (mile2)
B time constant (year*1)
e Naperian base ( - 2.718 •••)
T PMF recurrence interval (years)
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