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NOTICE

This report was prepared by Applied Weather Associates (AWA). The results and conclusions in this
report are based upon our best professional judgment using currently available data. Due to the
uncertainty associated with this type of work, neither AWA nor any person acting on behalf of AWA can
(a) make any warranty, express or implied, regarding future use of any information or method shown in
the report or (b) assume any future liability regarding use of any information or method contained in the
report. The results contained in this report are based on the professional judgment of the experts in this
subject field at AWA. The included report is conservative and accurate to the best of our knowledge at
the time of its preparation based on available information, methodology, and data.
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Executive Summary

Applied Weather Associates (AWA) has completed site-specific Probable
Maximum Precipitation (PMP) and Local Intense Precipitation (LIP) analyses for
Arkansas Nuclear One (ANO) located along the Arkansas River in the state of
Arkansas. The purpose of the study was to determine PMP specific to entire drainage
basin affecting the site, approximately 153,000 square miles and LIP values at the ANO
site. These analyses analyzed storms throughout all twelve months of the year to
produce all-season PMP values, and analyzed thunderstorms and Mesoscale Convective
Complexes (MCC) for the LIP analysis over the ANO site location. This study took into
account topography, climate and storm types that affect this region which could produce
the Probable Maximum Flood (PMF). The calculation of the Probable Maximum Flood
is not within the scope of this study.

The ANO drainage basin lies within the domains of National Oceanic and
Atmospheric  Administration's (NOAA) National Weather Service (NWS)
Hydrometeorological Reports No. 51 (HMR 51) and HMR 55A. The methods and
procedures used to derive the PMP and LIP values are similar to other site-specific PMP
studies conducted by AWA within the HMR 51 and HMR 55A domains (e.g.
Tomlinson 1993, Tomlinson et al 2008, Tomlinson et al 2011, Kappel et al 2012,
Tomlinson et al. 2013, Kappel et al. 2013). The approach used in this study is a storm-
based approach that utilizes many of the procedures used by the National Weather
Service (NWS) in the development of the HMRs. These same procedures are
recommended by the World Meteorological Organization (WMO) for PMP
determination (WMO 1986, 2009). This approach identifies extreme rainfall events that
have occurred in a region that has meteorological and topographical characteristics
similar to extreme rain storms that could occur over the ANO basin and over the ANO
site location. The largest of these rainfall events are selected for detailed analyses.

The basin affecting the ANO site is large and diverse. Therefore, many different
storm types affect the overall basin. A gridded system was set up to capture the spatial
variability of storms and extreme rainfall amounts across the large basin. In total, 75
storm events were used in the development of the PMP values and 23 storms were used
in the LIP analysis. Each of these storms has characteristics of extreme rainfall
production that could potentially occur over some part the ANO basin and could
potentially influence PMP values at one or more of the area sizes and/or durations
analyzed or influence the LIP values at the ANO site.

HMR procedures for maximization, transposition, and elevation moisture
adjustments are used with refinements (e.g. average vs. persisting dew points and 1,000
foot transposition limitations). Updated techniques and databases are used in the study
to increase accuracy and reliability, while adhering to the basic procedures in the HMRs
and in the WMO Manuals. The updated maximum dew point climatology maps that
were developed for previous PMP studies was used in the storm maximization and
storm transpositioning processes.
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For newly analyzed storms, maximization factors were determined using the
updated climatologies and storm representative dew point data. A parcel trajectory
model (HYSPLIT) (Draxler and Rolph 2003, 2010) was used along with the National
Center for Environmental Prediction (NCEP) Reanalysis (Mesinger 2006) database to
assist in the determination of storm inflow moisture vectors.

Each storm on the short storm list (the final 78 storm centers used to derive the
PMP and 23 used to derive LIP) was maximized, transpositioned, and elevation adjusted
to the ANO site and to each of the 22 grid points as appropriate and used to distribute
PMP across this large basin. Depth-Area (DA) plots were made for 6-, 12-, 24-, 48-,
and 72-hour durations and for area sizes of 10-, 200-, 1,000-, 5,000-, 10,000-, 20,000-,
50,000-, and 100,000-square miles. Enveloping curves were constructed using storm
rainfall values at each grid point and the basin centroid. Depth-Duration (DD) curves
were plotted for each duration and envelop curves constructed. The final DD envelop
curves provide PMP values for each grid point and the basin centroid. The final step
was to spatially interpolate the resulting values using a Geographic Information System
(GIS) with manual adjustments to ensure continuity in space and time across the entire
basin. The results of this final step allow PMP values for standard durations and area
sizes to be determined for any location within the basin.

The PMP values were determined using procedures described in HMR 51. In
addition, because the size of the basin is well beyond the 20,000 square mile upper limit
in HMRs 51 and 52, the PMP values were determined for area sizes to 100,000 square
miles. Further, analysis results were provided to allow for movement of the design
storm during PMF calculations, unlike the stationary design storm center provided in
HMR 52. Design storm movement allows for a more realistic storm scenario to be used
for the application of the PMP values for PMF determination.
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GLOSSARY

Adiabat: Curve of thermodynamic change taking place without addition or subtraction of heat. On
an adiabatic chart or pseudo-adiabatic diagram, a line showing pressure and temperature changes
undergone by air rising or condensation of its water vapor; a line, thus, of constant potential
temperature.

Adiabatic: Referring to the process described by adiabat.

Advection: The process of transfer (of an air mass property) by virtue of motion. In particular cases,
advection may be confined to either the horizontal or vertical components of the motion. However,
the term is often used to signify horizontal transfer only.

Air mass: Extensive body of air approximating horizontal homogeneity, identified as to source
region and subsequent modifications.

Average Dew Point: The average dew point value calculated using a simple mathematically running
mean over a specific duration of consecutive hours (i.e. 6-hours) at a given station or set of stations.
This value is used in the storm maximization calculation as the storm representative dew point.

Barrier: A mountain range that partially blocks the flow of warm humid air from a source of
moisture to the basin under study.

Basin centroid: The point at the exact center of the drainage basin as determined through
geographical information systems calculations using the basin outline.

Basin shape: The physical outline of the basin as determined from topographic maps, field survey,
or GIS.

Cirrus shield: In this study, the area of cirrus cloud that covers a mesoscale convective complex.
Cirrus anvil: The cirrus cloud that is advected downwind from the top of a cumulonimbus cloud.
Cold front: Front where relatively colder air displaces warmer air.

Convective rain: Rainfall caused by the vertical motion of an ascending mass of air that is warmer
than the environment and typically forms a cumulonimbus cloud. The horizontal dimension of such
a mass of air is generally of the order of 12 miles or less. Convective rain is typically of greater
intensity than either of the other two main classes of rainfall (cyclonic and orographic) and is often
accompanied by thunder. The term is more particularly used for those cases in which the
precipitation covers a large area as a result of the agglomeration of cumulonimbus masses.

Convergence: Horizontal shrinking and vertical stretching of a volume of air, accompanied by net
inflow horizontally and internal upward motion.

Cooperative station: A weather observation site where an unpaid observer maintains a
climatological station for the National Weather Service.



Cyclone: A distribution of atmospheric pressure in which there is a low central pressure relative to
the surroundings. On large-scale weather charts, cyclones are characterized by a system of closed
constant pressure lines (isobars), generally approximately circular or oval in form, enclosing a
central low-pressure area. Cyclonic circulation is counterclockwise in the northern hemisphere and
clockwise in the southern. (That is, the sense of rotation about the local vertical is the same as that of
the earth's rotation.)

Depth-Area curve: Curve showing, for a given duration, the relation of maximum average depth to
size of area within a storm or storms.

Depth-Area-Duration: The precipitation values derived from Depth-Area and Depth-Duration
curves at each time and area size increment analyzed for a PMP evaluation.

Depth-Area-Duration Curve: A curve showing the relation between an averaged areal rainfall
depth and the area over which it occurs, for a specified time interval, during a specific rainfall event.

Depth-Area-Duration values: The combination of depth-area and duration-depth relations. Also
called depth-duration-area.

Depth-Duration curve: Curve showing, for a given area size, the relation of maximum average
depth of precipitation to duration periods within a storm or storms.

Dew point: The temperature to which a given parcel of air must be cooled at constant pressure and
constant water vapor content for saturation to occur.

Effective Barrier Height: The height of a barrier determined from elevation analysis that reflects
the effect of the barrier on the precipitation process for a storm event. The actual barrier height may
be either higher or lower than the effective barrier height.

Envelopment: A process for selecting the largest value from any set of data. In estimating PMP, the
maximum and transposed rainfall data are plotted on graph paper, and a smooth curve is drawn
through the largest values.

Explicit Transposition: The movement of the rainfall amounts associated with a storm within
boundaries of a region throughout which a storm may be transposed with only relatively minor
modifications of the observed storm rainfall amounts. The area within the transposition limits has
similar, but not identical, climatic and topographic characteristics throughout.

First-order NWS station: A weather station that is either automated, or staffed by employees of the
National Weather Service and records observations on a continuous basis.

Front: The interface or transition zone between two air masses of different parameters. The
parameters describing the air masses are temperature and dew point.

General storm: A storm event, that produces precipitation over areas in excess of 500-square miles,
has a duration longer than 6 hours, and is associated with a major synoptic weather feature.

Gulf Stream Current: A warm, well-defined, swift, relatively narrow, ocean current in the western
North Atlantic that originates where the Florida Current and the Antilles Current begin to curve
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eastward from the continental slope of Cape Hatteras, North Carolina. East of the Grand Banks, the
Gulf Stream meets the cold Labrador Current, and the two flow eastward separated by the cold wall.

HYSPLIT: HYbrid Single-Particle Lagrangian Integrated Trajectory. A complete system for
computing parcel trajectories to complex dispersion and deposition simulations using either puff or
particle approaches. Gridded meteorological data, on one of three conformal (Polar, Lambert, or
Mercator latitude-longitude grid) map projections, are required at regular time intervals.
Calculations may be performed sequentially or concurrently on multiple meteorological grids,
usually specified from fine to coarse resolution.

Implicit Transpositioning: The process of applying regional, areal, or durational smoothing to
eliminate discontinuities resulting from the application of explicit transposition limits for various
storms.

Isohyets: Lines of equal value of precipitation for a given time interval.
Isohyetal Pattern: The pattern formed by the isohyets of an individual storm.

Isohyetal orientation: The term used to define the orientation of precipitation patterns of major
storms when approximated by elliptical patterns of best fit. It is also the orientation (direction from
north) of the major axis through the elliptical PMP storm pattern.

Jet Stream: A strong, narrow current concentrated along a quasi-horizontal axis (with respect to the
earth’s surface) in the upper troposphere or in the lower stratosphere, characterized by strong vertical
and lateral wind shears. Along this axis it features at least one velocity maximum (jet streak).
Typical jet streams are thousands of kilometers long, hundreds of kilometers wide, and several
kilometers deep. Vertical wind shears are on the order of 10 to 20 mph per kilometer of altitude and
lateral winds shears are on the order of 10 mph per 100 kilometer of horizontal distance.

Local storm: A storm event that occurs over a small area in a short time period. Precipitation rarely
exceeds 6 hours in duration and the area covered by precipitation is less than 500-square miles.
Frequently, local storms will last only 1 or 2 hours and precipitation will occur over areas of up to
200-square miles. Precipitation from local storms will be isolated from general-storm rainfall. Often
these storms are thunderstorms.

Low Level Jet: A band of strong winds at an atmospheric level well below the high troposphere as
contrasted with the jet streams of the upper troposphere.

Mass curve: Curve of cumulative values of precipitation through time.

Mesoscale Convective Complex: For the purposes of this study, a heavy rain-producing storm with
horizontal scales of 10 to 1000 kilometers (6 to 625 miles) which includes significant, heavy
convective precipitation over short periods of time (hours) during some part of its lifetime.

Mesoscale Convective System: A complex of thunderstorms which becomes organized on a scale
larger than the individual thunderstorms, and normally persists for several hours or more. MCSs may
be round or linear in shape, and include systems such as tropical cyclones, squall lines, and MCCs
(among others). MCS often is used to describe a cluster of thunderstorms that does not satisfy the
size, shape, or duration criteria of an MCC.
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Mid-latitude frontal system: An assemblage of fronts as they appear on a synoptic chart north of
the tropics and south of the polar latitudes. This term is used for a continuous front and its
characteristics along its entire extent, its variations of intensity, and any frontal cyclones along it.
Moisture maximization: The process of adjusting observed precipitation amounts upward based
upon the hypothesis of increased moisture inflow to the storm.

Observational day: The 24-hour time period between daily observation times for two consecutive
days at cooperative stations, e.g., 6:00PM to 6:00PM.

One-hundred year rainfall event: The point rainfall amount that has a one-percent probability of
occurrence in any year. Also referred to as the rainfall amount that on the average occurs once in a
hundred years or has a 1 percent chance of occurring in any single year.

Polar front: A semi-permanent, semi-continuous front that separates tropical air masses from polar
air masses.

Precipitable water: The total atmospheric water vapor contained in a vertical column of unit cross-
sectional area extending between any two specified levels in the atmosphere; commonly expressed
in terms of the height to which the liquid water would stand if the vapor were completely condensed
and collected in a vessel of the same unit cross-section. The total precipitable water in the
atmosphere at a location is that contained in a column or unit cross-section extending from the
earth's surface all the way to the "top" of the atmosphere. The 30,000 foot level (approximately
300mb) is considered the top of the atmosphere in this study.

Persisting dew point: The dew point value at a station that has been equaled or exceeded
throughout a period. Commonly durations of 12 or 24 hours are used, though other durations may be
used at times.

Probable maximum precipitation: Theoretically, the greatest depth of precipitation for a given
duration that is physically possible over a given size storm area at a particular geographic location at
a certain time of the year.

Probable maximum flood: The flood that may be expected from the most severe combination of
critical meteorological and hydrologic conditions that are reasonably possible in a particular
drainage area.

Pseudo-adiabat: Line on thermodynamic diagram showing the pressure and temperature changes
undergone by saturated air rising in the atmosphere, without ice-crystal formation and without
exchange of heat with its environment, other than that involved in removal of any liquid water
formed by condensation.

Pseudo-adiabatic: Referring to the process described by the pseudo-adiabat.

Rainshadow: The region, on the lee side of a mountain or mountain range, where the precipitation
is noticeably less than on the windward side.

PMP storm pattern: The isohyetal pattern that encloses the PMP area, plus the isohyets of residual
precipitation outside the PMP portion of the pattern.
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Saturation: Upper limit of water-vapor content in a given space; solely a function of temperature.
Short Storm List: The final list of storms used to derive the PMP values.

Spatial distribution: The geographic distribution of precipitation over a drainage according to an
idealized storm pattern of the PMP for the storm area.

Storm transposition: The hypothetical transfer, or relocation of storms, from the location where
they occurred to other areas where they could occur. The transfer and the mathematical adjustment
of storm rainfall amounts from the storm site to another location is termed "explicit transposition."
The areal, durational, and regional smoothing done to obtain comprehensive individual drainage
estimates and generalized PMP studies is termed "implicit transposition" (WMO, 1986).

Synoptic: Showing the distribution of meteorological elements over an area at a given time, e.g., a
synoptic chart. Use in this report also means a weather system that is large enough to be a major
feature on large-scale maps (e.g., of the continental U.S.).

Temperature Inversion: An increase in temperature with an increase in height.

Temporal distribution: The time order in which incremental PMP amounts are arranged within a
PMP storm.

Tropical Storm: A cyclone of tropical origin that derives its energy from the ocean surface.

Total storm area and total storm duration: The largest area size and longest duration for which
depth-area-duration data are available in the records of a major storm rainfall.

Transposition limits: The outer boundaries of the region surrounding an actual storm location
where similar, but not identical, meteorological and topographic characteristics occur. The storm
can be transpositioned within the transposition limits without modification of the expected storm
dynamics and adjustments can be applied to the difference in elevation and moisture availability
between the two locations. Transpositioning greatly increases the available data for evaluating the
rainfall potential for a given drainage location.

Undercutting: The process of placing an envelopment curve somewhat lower than the highest
rainfall amounts on depth-area and depth-duration plots.

Warm front: Front where relatively warmer air replaces colder air.

Warm sector: Sector of warm air bounded on two sides by the cold and warm fronts extending from
a center of low pressure.
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Acronyms and Abbreviations used in the report

ALERT: Automated Local Evaluation in Real Time
ANO: Arkansas Nuclear One

AWA: Applied Weather Associates, LLC

COCORAHS: Community Collaborative Rain, Hail, and Snow Network
COQP: Cooperative Observer Program

DA: Depth-Area

DAD: Depth-Area-Duration

DD: Depth-Duration

dd: decimal degrees

DND: drop number distribution

DSD: drop size distribution

EPRI: Electric Power Research Institute

F: Fahrenheit

GIS: Geographical Information System

GRASS: Geographic Resource Analysis Support System
HMR: Hydrometeorological Report

HR: Hour

HYSPLIT: Hybrid Single Particle Lagrangian Integrated Trajectory Model
IPCC: Intergovernmental Panel on Climate Change

km: kilometer

MADIS: Meteorological Assimilation Data Ingest System
mb: millibar

MCC: Mesoscale Convective Complex

XV



MCS: Mesoscale Convective System

mph: miles per hour

NCAR: National Center for Atmospheric Research
NCDC: National Climatic Data Center

NCEP: National Centers for Environmental Prediction
NEXRAD: Next Generation Radar

NOAA: National Oceanic and Atmospheric Association
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1. Introduction

This study provides both Probable Maximum Precipitation (PMP) and the Local
Intense Precipitation (LIP) values for use in the computation of the Probable Maximum
Flood (PMF) for the Arkansas Nuclear One (ANO) basin and location. The site-specific
study builds on the previous PMP studies completed by AWA in the region (e.g.,
Tomlinson 1993, Tomlinson et al 2002-2012, Kappel et al 2011-2013).

1.1 Background

Definitions of PMP are found in most Hydrometeorological Reports (HMRs)
published by the National Weather Service (NWS). The definition used in the most
recently published HMR is "theoretically, the greatest depth of precipitation for a given
duration that is physically possible over a given storm area at a particular geographical
location at a certain time of the year." (HMR 59, p. 5). Since the mid-1940s, several
government agencies have been developing methods to calculate PMP in various regions
of the United States. The NWS (formerly the U.S. Weather Bureau) and the Bureau of
Reclamation have been the primary agencies involved in this activity. PMP values from
their reports are used to calculate the PMF which, in turn, is often used for the design of
significant hydraulic structures.

The generalized PMP studies currently in use in the conterminous United States
include HMR 49 (1977) for the Colorado River and Great Basin drainage; HMRs 51
(1978), 52 (1982) and 53 (1980) for the U.S. east of the 105th meridian, HMR 55A
(1988) for the area between the Continental Divide and the 103rd meridian, HMR 57
(1994) for the Columbia River Drainage; and HMRs 58 (1998) and 59 (1999) for
California. Figure 1.0 shows the coverage of the various HMRs. For the ANO basin, the
majority of the region is covered by HMR 51, with areas west of 103° longitude covered
by HMR 55A. In addition to these HMRs, numerous Technical Papers and Reports deal
with specific subjects concerning precipitation. Examples are NOAA Technical Report
NWS 25 (1980) and NOAA Technical Memorandum NWS HYDRO 45 (1995). Topics
include maximum observed rainfall amounts; return periods for various rainfall amounts,
and specific storm studies. Climatological atlases (Technical Paper No. 40, 1961; NOAA
Atlas 2, 1973; and NOAA Atlas 14, 2003) are available for use in determining rainfall
amounts for specified return periods for selected regions of the U.S.
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Figure 1.0 Regions covered by current Hydrometeorological Reports.

A number of site-specific and regional PMP studies augment generalized HMRs. These
studies are for specific regions or drainage basins within the large areas addressed by HMR 51
and HMR 55A as well as areas covered by other HMRs. The meteorological conditions
producing extreme rainfall events vary significantly in different regions within large geographic
areas such as the large area covered by the ANO basin. In much of the Midwest, extreme events
are usually linked to either Mesoscale Convective Systems (MCSs) or synoptic storms with
embedded convection. For the ANO basin, the main storm type leading to PMF level flooding is
a synoptic event with embedded convection which moves slowly across the region, generally in a
west to east direction. This type of storm provides steady rainfall over long durations and large
area sizes, with periods of heavy rainfall over smaller areas. Individual thunderstorms would not
lead to PMF level flood across the basin and therefore were not a focus of the overall basin-wide
PMP development. Instead, individual thunderstorms and MCSs were the storm type analyzed
for the LIP analysis at the ANO site location, as a high intensity, short duration, and localized
rainfall over the site would potentially produce the LIP.



The time of year when the storm environment leading to PMP-level rain occurs is during
a time of the year when no significant snowpack would be available. In areas of the upper basin
where significant snow pack accumulates, significant rainfall that could lead to PMF level
flooding at the ANO site does not occur. Therefore, no explicit cool-season PMP values and/or
rain-on-snow analyses needed to be completed beyond this quantitative assessment.

Although it provides generalized estimates of PMP values for a large climatologically
diverse area, HMR 51 recognizes that studies addressing PMP over specific regions can
incorporate more site-specific considerations and provide improved PMP estimates. By
periodically reviewing storm data and advances in meteorological concepts, PMP analysts can
identify relevant new data and procedures for use in determining PMP values (HMR 51, Section
1.4.1).

As described previously, several site-specific PMP studies have been completed by AWA
within the region covered by HMRs 51 and 55A (Figure 1.1). Each of these studies provided
PMP values which replaced those from the HMRs. These are examples of PMP studies that
explicitly consider the meteorology and topography of the study location along with
characteristics of historic extreme storms over climatically similar regions. These regional and
site-specific PMP studies have received extensive review and been accepted by the appropriate
regulatory agencies. Results have been used in computing the PMF for individual watersheds.

Figure 1.1 Locations of AWA PMP studies as of December 2013.
This report presents details of the ANO PMP study. Section 1 provides an overview of
the study. The weather and climate of the upper Midwest and northern Great Plains are discussed
in Section 2. Section 3 details the storms types important for PMP development for the basin.



The steps involved with identifying extreme storms are discussed in Section 4 and procedures
used to analyze these storms are discussed in Section 5. Discussion on the development of the
maximum dew point climatology is provided in Section 6. Adjustments for storm maximization,
storm transpositioning, and elevation adjustments are presented in Sections 7 and 8. The final
procedure of developing PMP values from the adjusted storm rainfall amounts is provided in
Section 9. Section 10 provides information on PMP storm dimensions and movement. Section
11 provides analysis and results of the LIP analysis for the ANO site. PMP results are discussed
in Section 12. Section 13 provides discussions related to the sensitivity analysis of the
parameters used in the study. The recommended application of results are given in Section 14.

1.2  Objectives

The objective of this study was to perform a PMP analysis to determine reliable estimates
of PMP values for the entire ANO basin and LIP analysis to provide the 1-hour 1-square mile
PMP value at the ANO site location. The most reliable methods and data currently available
have been used, with updated methods, techniques, and data used where appropriate.

1.3 Approach

The approach used in this study follows the same general procedures that were used in the
development of the HMRs. These procedures were applied considering the meteorological and
topographic characteristics of the basin.

The study maintains as much consistency as possible with the general methods used in
HMRs 51 and 55A as well as the numerous site-specific, statewide, and regional AWA PMP
studies. Deviations are incorporated where justified by developments in meteorological analyses
and available data. The basic approach identifies PMP-type storms that occurred within the
central and southern Plains of the United States to the Front Range and mountains of Wyoming,
Colorado, and New Mexico east of the Continental Divide. This ensured a sufficiently large
region was included in the development of the storm list so that any transpositionable storm that
could potentially affect the PMP values at any area size or duration was included.

The moisture content of each of these storms is maximized to provide an estimate of the
maximum rainfall for each storm at the location where it occurred. This is accomplished by
computing the ratio of the maximum amount of atmospheric moisture that could have been
entrained into the storm at that time of year to the acfual atmospheric moisture entrained into the
storm as it occurred. After maximization, the storms are transpositioned to each grid point to the
extent supportable by similarity of meteorological conditions and topography. Maximized and
transpositioned adjusted rainfall values are enveloped at each grid point and then contoured
throughout the entire domain to provide PMP estimates for various area sizes and durations at
any point within the entire basin. Figure 1.2 shows the flow chart of the major steps in the PMP
development process.
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Figure 1.2 Flow chart showing the major steps involved in PMP development.

For some applications, this study applied standard methods (e.g. WMO Operational
Hydrology Report No. 1, 1986), while for other applications, improved techniques were used.
Advanced computer-based technologies, Weather Service Radar WSR-88D NEXt generation
RADar (NEXRAD), and HYSPLIT model trajectories were used for storm analyses along with
updated meteorological data sources. Improved technology and data were incorporated into the
study when they provided improved reliability, while maintaining as much consistency as
possible with previous studies. This approach provides the most complete scientific application
compatible with the engineering requirements of consistency and reliability for credible PMP
estimates.

Moisture analyses in HMRs 51 and 55A used monthly maximum observed 12-hour
persisting dew points to quantify atmospheric moisture. Maximum dew point values used in
HMR 51 were provided by Climatic Atlas of the United States, published by the Environmental
Data Services, Department of Commerce (1968). This study, however, used an updated
maximum dew point return frequency analysis developed during several recent and on-going
AWA PMP studies. This dew point analysis incorporated data sets with longer periods of record
than were available for use in HMRs 51 or 55A. This updated climatology produced 20-, 50-,
and 100-year return frequencies for maximum average dew point values for 6-, 12-, and 24-hour



duration periods. GIS was used extensively in the development of the updated maximum dew
point climatology maps.

A reanalysis of transposition limits was completed that evaluated the elevation of each
storm’s isohyetal pattern versus the elevation of each grid point used in this study. It was
confirmed from this analysis that storms should not be transpositioned more than +/- 1,000 feet in
elevation from their original storm elevations. This same conclusion was found in several other
AWA PMP studies in the region (e.g. Tomlinson et al. 2008, Kappel et al. 2013) as well as stated
in HMR 51 (Section 2.4.2 c¢.). This procedure provided explicit guidance and constraints on the
regions of influence for individual storms. Appendix F details which storms were ultimately
transpositioned to various grid point(s).

As mentioned previously, a set of 22 grid points (Figure 1.3) were placed over the region.
The gridded analysis procedure was used with the total adjusted rainfall amounts applied across
the grid that not only covers the entire basin, but extended into bordering regions to ensure
continuity across the basin boundaries. PMP values were analyzed at each grid point using
standard procedures. Envelopment of the largest rainfall totals was applied to ensure spatial and
temporal continuity of the final PMP values. Once values were derived for each area size and
duration, values were spatially and temporally distributed using GIS technologies and manual
adjustments. This process produced the final set of PMP maps for the study. It should be noted
that the PMP values over the Front Range and up to the Continental Divide of the Rocky
Mountains in Colorado and New Mexico used the least amount of data and analyses. This is
because no explicit evaluation and quantification of topography and how it relates to rainfall
production was completed as part of this study. However, this has minimal to no effect on the
resulting PMF at the ANO site, as any flood resulting from rainfall in these locations would have
little to no affect effect on the PMF at the ANO site. Instead, values at the grid points in the
mountains (7, 13, 14, 21, and 22) provided spatial and temporal continuity of PMP across the
western portion of the basin.

A preferred storm orientation analysis was evaluated using storm isohyetal patterns from
storms used in this study and results from previous investigations. In addition, an analysis was
completed to determine the potential movement of the PMP storm across the basin over the 72-
hour period. This procedure was required because the size of the basin is so large that the
stationary PMP design storm in HMR 52 does not appropriately replicate a true PMP-type
scenario for the basin. Actual storm events used to provide PMP for this study were used to
determine the range of movement that could be expected to occur during extreme rainfall events.
Recommendations for orientation constraints and storm movement are made.
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Figure 1.3 Grid points used in the study.

1.4 ANO Location and Description

The drainage basin for the ANO site encompasses the Arkansas River drainage basin,
extending from the Continental Divide of Colorado and New Mexico east through northern Texas
and the Red River basin to the ANO site location (Figure 1.4). Because this basin extends across
a large latitudinal and longitudinal extent, PMP-type storm events can vary across the basin, and
any given storm event will not be affecting the entire basin at one time. The large size of the
basin and its geographic location have been explicitly evaluated and considered during the study
to ensure appropriate PMP development.
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Figure 1.4 ANO regional setting and basin statistics.

Elevations across the basin range from 350 feet along the Arkansas River at the ANO site
to over 14,000 feet in Colorado Rockies (Figure 1.6). Elevation changes gradually moving from
ANO site west across the basin until reaching eastern Colorado and New Mexico. Elevation
gains become dramatic once the Front Range of the Rocky Mountains are reached, generally
around 105°W longitude. These elevation changes from east to west within the basin in
combination with increased distance from the low-level moisture source (the Gulf of Mexico)
create varying storm dynamics and storm types across the basin. Therefore, different storms are
used to derive PMP values at various gird points, providing for a significant gradient in PMP
values across the basin both in east to west and north to south directions. Therefore, for storm
transpositioning, the +/- 1,000 foot limitation was implemented, along with a latitudinal
limitation based on distance from the moisture source. This had the most affect on the far
western and northern grid points, as many of the central and southern Great Plains storms were
not transpositioned to these locations.
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2.  Weather and Climate of ANO
2.1 ANO PMP Storm Type Climatology

The region around ANO is influenced by several factors that can potentially contribute to
extreme rainfall. First is the proximity of the region to the Gulf of Mexico and the fact that no
intervening mountain barriers prevents moisture from moving north (Figure 2.0). This allows
high amounts of moisture to move directly into the region. The limiting factor is the duration that
these high levels of atmospheric moisture are able to feed into storms in the region. More
atmospheric moisture is available over the more southern and eastern regions of the basin
compared with the northern and western portions of the basin. Because of the movement and
strength of the upper level winds in the region, storm patterns generally do not stay fixed over
any location for long periods. Therefore, the synoptic situations which lead to high levels of Gulf
of Mexico moisture moving into the region are transient and limit the magnitude of PMP-type
rainfall as well as limiting the spatial extent of such storms. This lack of consistent moisture is
somewhat compensated for by the stronger storm dynamics associated with synoptic weather
systems which move through the region and added lift as the atmospheric moisture is forced to
rise over elevated terrain moving south to north and east to west across the basin.

Figure 2.0 Locations of surface features associated with a strong flow of moisture from the Gulf
of Mexico into the upper Midwest.

But moisture alone does not create rainfall. Instead a mechanism to lift and condense that
moisture is required. The lift required to convert these high levels of atmospheric moisture into
rainfall on the ground is provided in several ways in and around the region. Synoptic storm
dynamics are very effective in converting atmospheric moisture into rainfall on the ground.
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These are most often associated with fronts which affect the region (Figure 2.1). Numerous large
scale weather systems with their associated fronts traverse the region throughout the year, with
the fewest and weakest occurring in the summer period. The fronts (boundaries between two
different air masses) can be a focusing mechanism providing upward motion in the atmosphere.
These are often locations where heavy rainfall is produced. Normally, a front will move through
with enough speed that no one area receives excessive amounts of rainfall. However, in extreme
instances the pattern can become blocked and some of these fronts will stall or move very slowly
across the region. This allows large amounts of rainfall to continue for several days in the same
general area, which can lead to extreme widespread flooding.

Figure 2.1 Locations of surface features associated with a common synoptic storm pattern across
the United States.

Another mechanism which creates lift in the region is heating of the surface and lower
atmosphere by the solar radiation. This creates warmer air below colder air resulting in
atmospheric instability and leads to rising motions. This will often form ordinary afternoon and
evening thunderstorms. However, in unique circumstances the instability and moisture levels in
the atmosphere can reach very high levels and stay over the same region for an extended period
of time. This can lead to intense thunderstorms and very heavy rainfall. If these storms are
focused over the same area for a long period, flooding rains can be produced. This type of storm
produces some of the largest point rainfall amounts recorded, but often do not affect larger areas
with extreme rainfall amounts. Therefore, this scenario is common in the spring and summer and
is often responsible for the LIP storm.. However, this storm scenario does not lead to PMF level
flood events across the very large ANO basin. More details on the PMP storm types which
produce PMP level rainfalls in and around the basin are given in Section 3.

2.2  General Weather Patterns over the ANO Basin

The weather patterns in the region are characterized by passages of fronts with differing
air masses that lead to large ranges in temperatures and rainfall. Fronts are most prevalent in the
fall, winter, and spring, with more stagnant patterns common from late spring through early fall.

11



There are several air mass types that affect the weather and climate of the region and
produce heavy rainfall (Figure 2.2). The continental polar (cP) air mass, with origins from the
arctic regions of Canada, is most common during the winter months. This air mass is often
associated with a strong cold front passage and stratiform snowfall events. When this air mass
type arrives, it often collides with a more humid air mass from warmer regions to the south. Low
pressure (rising air) often results, and when combined with strong winds aloft, can produce
extreme rainfall. However, this air mass type is often highly modified by the time it reaches the
southern half of the ANO basin, as it is now a great distance from its original source, has moved
over non-snow covered land, and is significantly modified by the warmer conditions from the
Gulf of Mexico .

The second type of air mass observed in the region is the maritime polar (mP) which
originates in the Gulf of Alaska and Pacific Ocean. This air mass often arrives on strong winds
from the west and northwest, but is usually devoid of significant amounts of low-level moisture
because it has traveled across several mountain ranges. This storm type often produces
precipitation (rain and snow) at these upwind locations, losing much of its low-level moisture on
its way to the Central and Southern plains. However, in extreme cases, moisture flowing north
from the Gulf of Mexico can replenish low-level atmospheric moisture enough to produce heavy
rainfall. If the storm system stalls over the region, flood producing rains can result. This storm
type can occur anytime of the year, but is most common from fall through late spring.

Another type of air mass which affects the region and produces rainfall originates from
the Gulf of Mexico and can contain copious amounts of atmospheric moisture in a conditionally
unstable atmosphere. This type of air mass is called maritime tropical (mT). This type of air
mass is most directly responsible for producing heavy rainfall in the region when interacting with
a front and as well as an air mass of polar origins moving from the north. Often, the front is
located over the basin, allowing high amounts of moisture to stream in from the south, where it is
lifted, resulting in widespread rainfall. The release of the conditional instability in the
atmosphere provides a very efficient mechanism to convert atmospheric moisture to rain on the
ground. This can be enhanced by elevation changes in the underlying topography. If this pattern
is able to remain in place for an extended period and to continue to draw in Gulf of Mexico
moisture, flooding can result. This storm type is most common from late spring to early fall and
is therefore the most common storm type for the PMP scenario.

In rare cases, this type of pattern can include moisture from a decaying tropical system
that had previous made landfall along the Gulf Coast states. This scenario has led to the most
extreme rainfall events in the historical record for durations of 24-hours and less in the southern
portions of the ANO basin. Examples include Albany, TX August, 1978 (AWA 18) and Thrall,
TX September, 1921 (AWA 77).

12



Figure 2.2 Air mass source regions affecting the ANO drainage basin.
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3. Extreme Storm types

The ANO basin and the surrounding region have very active and varied weather patterns
throughout the year. Consequently heavy rainfall events at both short and long durations are
common. By far, the largest amount of moisture available for rainfall over the region comes
from the Gulf of Mexico. The major types of extreme rainfall events in the region are produced
by Mesoscale Convective Systems (MCS) (short durations and small area sizes), synoptic
events/fronts (large areas sizes and longer durations), and remnant moisture from tropical systems
which have made landfall along the Gulf of Mexico coastline.

3.1 Synoptic Fronts

The polar front and jet stream, which separate cool, dry Canadian air to the north from
warm, moist air to the south, is often a cause of heavy rainfall over large areas and long
durations. This boundary provides large amounts of energy and strong storm dynamics to the
atmosphere as fronts move through the region. These features are strongest and most active over
the area during fall, winter, and spring months. A common type of storm occurrence with the
polar front is an overrunning event. Frontal overrunning occurs when warm, humid air carried
northward around the western edge of the Bermuda High circulation encounters the frontal zone
and is forced to rise over the cooler, drier air mass to the north of the front. This forced ascent
condenses atmospheric moisture in the air mass, forming clouds and producing precipitation
while releasing latent heat. This process most often results in widespread rainfall over longer
durations, but can also help enhance convection. Air that arrives at the frontal location is
conditionally unstable, where the lower layers are much warmer and more humid than the air
above. This conditionally unstable air mass needs a mechanism to initiate lift to begin energy
release, leading to more instability and further lift. The forced ascent over the polar front initiates
the lifting of the moist air mass, release of its energy, and initiates the conversion of the
atmospheric moisture to rainfall.

A stationary or slow moving polar front located within the ANO basin will often provide
the mechanism necessary for this warm, humid air mass to release its convective potential. When
this occurs, rainfall is produced, sometimes associated with pockets of convection and extremely
heavy rainfall. The pockets of heavy rain are usually associated with a minor wave riding along
the frontal boundary, called a shortwave. These are not strong enough to move the overall large
scale pattern, but instead add to the storm dynamics and energy available for producing rainfall.

This type of storm environment (synoptic frontal) will usually not produce the highest
rainfall rates over short durations, but instead leads to flooding situations as moderate to heavy
rain falls over the same regions for an extended period of time. In addition, this scenario can
occur in succession with only a few dry days in between and therefore enhance runoff on a
previously saturated basin. The rainfall and flooding event which occurred during May 1943
from Oklahoma eastward through the ANO site location is a good example of this type of storm.
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3.2 Mesoscale Convective Systems

Mesoscale Convective Systems (MCSs) are capable of producing extreme amounts of
rainfall for short durations and over small area sizes, generally 12 hours or less over area sizes of
500-square miles or less. The current understanding of MCS type storms has progressed
tremendously with the advent of satellite technology starting in the 1970s and early 1980s. The
current name of MCS was first applied in the late 1970s to these type of “flood producing”,
strong thunderstorm complexes (Maddox 1980). Mesoscale systems are so named because they
are small in areal extent (10s to 100s of square miles), whereas synoptic storm events are 100s to
1,000s of square miles. MCSs also exhibit a distinctive signature on satellite imagery where they
show rapidly growing cirrus clouds shields with very high cloud tops. Furthermore, the high
level cloud shield associated with MCSs usually take on a nearly circular pattern about the size of
the state of lowa with constantly regenerating thunderstorms fed by a low-level-jet (LLJ)
bringing an inflow of atmospheric moisture (Figure 3.0).

POES TR Satellite (C) Sun 23:58Z 08-Aug-10

Figure 3.0 Color enhanced infrared satellite image of an MCS. Note the nearly circular
structure, very cold cloud tops at the center (red, black, and center white colors), and a size
similar to the state of lowa.
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The vast majority of MCSs have distinctive features and evolve in a standard pattern. A
typical MCS begins as an area of thunderstorms over the western High Plains or Front Range of
the Rocky Mountains. As these storms begin to form early in the day, the predominantly
westerly winds aloft move them in a generally eastward direction. As the day progresses, the
rain-cooled air below and around the storms begins to form a mesoscale high pressure area. This
mesoscale high moves along with the area of thunderstorms. During nighttime hours, the MCS
undergoes rapid development as it encounters increasingly warm and humid air from the Gulf of
Mexico, usually associated with the LLJ 3,000-5,000 feet above the ground. The area of
thunderstorms will often form a ring around the leading edge of the mesoscale high and continue
to intensify, producing heavy rain, damaging winds, hail, and/or tornadoes. An MCS will often
remain at a constant strength as long as the LLJ continues to provide an adequate supply of
moisture. Once the mesoscale environment begins to change, the storms weaken, usually around
sunrise, but may persist into the early daylight hours.

MCSs are included in the more general definition of MCCs, which include a wider variety
of mesoscale sized storm systems, such as squall lines and tropical cyclones, and MCSs that do
not fit the strict definition of size, duration, and/or appearance on satellite imagery. MCSs
primarily form during the warm season months (April through October) around the ANO basin
region.

Many of the storms previously analyzed by the USACE and NWS Hydrometeorological
Branch in support of pre-1979 PMP research have features that indicate they were most likely
MCCs or MCSs. However, this nomenclature had not yet been introduced into the scientific
literature, nor were the events fully understood. For ANO basin, pure MCS storms do not
produce PMF level flood events because of the very large basin size and the relatively small areas
of rainfall produced by MCSs. However, intense convection similar to this storm type can occur
within an overall synoptic frontal event. This can lead to intense areas of embedded heavy
rainfall within the overall lighter rainfall pattern. This combination of synoptic and convective
storm types is very important for determining PMP values for the basin.
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4. Extreme Storm Identification

4.1 Storm Search Area

A comprehensive storm search covering the region important for the ANO basin has been
conducted during previous site-specific and regional PMP studies. This included an analysis of
all extreme rainfall storms in meteorological and topographically similar regions, where extreme
rainfall storms similar to those that could occur over some part of the ANO basin may have been
observed (Figure 4.0). These previous storm search results are current through 2013 and include
all 12 months of the year (Figure 4.1). This ensured a large enough area was analyzed to capture
all significant storms that could potentially influence the final PMP values for the basin.

Storm Search Domain
Arkansas Muclear One Power Plant
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Figure 4.0 AWA storm search domain.
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AWA Storm Search Domains
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Figure 4.1 AWA storm search domains through 2013. All storms used to develop the PMP values were
identified from the storm search results.
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4.2 Data Sources

AWA storm searches were conducted by searching the National Climatic Data
Center (NCDC) hourly and daily rainfall records for maximum rainfall amounts that
occurred during 6-hour, 24-hour/1-day, and 72-hour/3-day periods within the storm
search domain. Further searches were conducted from additional sources listed below:

1. Cooperative Summary of the Day / TD3200 through 2013. These data are
published by the National Climatic Data Center (NCDC)

2. Hourly Weather Observations published by NCDC, U.S. Environmental

Protection Agency, and Forecast Systems Laboratory (now National

Severe Storms Laboratory)

Hydrometeorological Reports

Corps of Engineers Storm Studies

Other data published by state climate office

American Meteorological Society journals

Various weather books

Data from supplemental sources, such as Community Collaborative Rain,

Snow, and Hail Network (CoCoRaHS), Weather Underground, Forecast

Systems Laboratories, RAWS

e A

4.3 Short Storm List Derivation

The final short storm list used to determine the PMP values for the ANO basin
was derived using the results of previous PMP studies in regions similar to this basin
(Tomlinson 1993, Tomlinson et al. 2008, Kappel et al. 2012, Kappel et al. 2012,
Tomlinson et al. 2013).

During this process, the storm lists used in each of these studies was combined
and evaluated. The first set of parameters used to delineate the storms was whether they
were transpositionable to any grid point used to derive the PMP values for the ANO
basin. Factors such as elevation differences of more than +/- 1,000 feet and/or distances
from moisture source were considered. Next, the storm type was evaluated. Storm types
which would not result in a PMP/PMF scenario for the large ANO watershed were not
considered. This included storms which were individual thunderstorms.

These analyses resulted in the final short storm lists used to derive both the PMP
values for the basin. Table 4.0 provides the storm list. Figures 4.2 displays the locations
of the storms in relation to the basin and ANO site. An AWA Storm Number is used to
identify each storm used in this study to derive PMP values.

19



Table 4.0 Storm list used to calculate PMP, sorted in alphabetical order.
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Location of A1 Season Short List Storms (hy AWA Storm #)
Arkansas Nuclear One Power Plant

L e W urw -

T Bt O BN
s

Figure 4.2 Storm locations in relation to the ANO basin by AWA storm number.

4.3.1 New Storm Precipitation Analysis System (SPAS) Storm
Analysis

The results of the storm search and short storm list development identified one
new storm important for PMP derivation which had not been previously analyzed by
either the NWS or AWA. This was the September 2013 rainfall across the Front Range
and Eastern Plains of Colorado and Wyoming (SPAS 1302, AWA Storm Number 85/86).
A full storm analysis using the Storm Precipitation Analysis System (SPAS) was
completed which produced the required storm DAD values (see Section 5 and Appendix
G for a full description of the SPAS storm analysis process). The SPAS analysis
produced all the necessary rainfall information required to evaluate and utilize the storm
in the PMP derivation process. In addition, the current study included 35 previously
analyzed SPAS storms used in other PMP studies'.

! The precipitation/storm analysis source for each short list storm is listed in Tables 4.0. Each SPAS storm
analysis is assigned a unique SPAS number (e.g. SPAS 1242), "EPRI" refers to storms analyzed during the
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5. Storm Depth-Area-Duration (DAD) Analyses for New
Storms

For the new extreme rainfall event, a full storm analysis needed to be completed.
SPAS was used to compute the Depth-Area-Duration (DAD) table for this storm.

There are two main steps in a SPAS DAD analysis: 1) Creation of high-resolution
hourly precipitation grids and 2) Computation of depth-area rainfall amounts for various
durations.

Reliability of results from step 2) depends on the accuracy of step 1). Historically
the process has been very labor intensive. SPAS utilizes Geographic Information
Systems (GIS) concepts to create more spatially-oriented and accurate results in an
efficient manner (step 1). Furthermore, the availability of NEXRAD data allows SPAS
to better account for the spatial and temporal variability of storm precipitation for events
occurring since the early 1990s. Prior to NEXRAD, the National Weather Service
(NWS) developed and used a method based on the research of several scientists (Corps of
Engineers, 1936-1973). Because this process has been the standard for many years and
holds merit, the DAD analysis process developed within the SPAS program attempts to
mimic it as much as possible. By adopting this approach, some level of consistency
between the newly analyzed storms and the hundreds of storms already analyzed can be
achieved. Comparisons between the NWS DAD results and those computed using the
new method for two storms (Westfield, MA, 1955 and Ritter, 1A, 1953) indicated very
similar results (see Appendix G for complete discussion, comparisons, and results). The
SPAS program and process is certified in this calculation.

Table 5.0 lists the SPAS storm used in during the development of PMP and LIP
values during this study. The results of each SPAS storm analysis are included in
Appendix F.

EPRI Michigan/Wisconsin Regional PMP study, while the remaining identifiers reference nomenclature
from the NWS/USACE storm studies files.
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Table 5.0 SPAS storms used in this study.

AWA Maximum
Storm Rainfall in [Precipitation

Storm Name State Number Lat Lon Year Month Day Inches |Source

DAVID CITY NE 31 41213 27071 1263 6 4 1598 SPAS 1030
PRAGUE NE 33 41.358 -26.879 1959 8 1 13.09  SPAS 1031
OGATLATA NE 7 41.125 -101.717 2002 7 6 1492 BPAS 1033
ENID OK 21 36.381 -07.868 1973 10 10 19.45 SPAS 1034
FOREST CITY MN 14 43239 24340 1983 & 20 17.00  SPAS 1033
PAWNEE CREEK co ! 40.775 -103.623 1997 7 29 13.58 SPAS 1036
HOKAH MN ] 43.813 -91.363 2007 § 18 1832 SPAS 1048
BAYFIELD co 2 37.562 -107.87% 1970 o 3 595 SPAS 1075
WAGON WHEEL co 66 37.663 -106.938 1911 10 3 7.38 SPAS 1107
ATBANY TX 18 32.726 29350 1978 8 3 3250 SPAS 1179
GLADEWATER TX 23 32.337 -04.943 1966 4 27 2533 SPAS 1181
LARTOLAKE LA 4 31220 92130 2008 o 1 2351 SPAS 1182
EDGERTON MO 26 40413 -03.513 1263 7 18 20.76  SPAS 1183
CLYDE TX 16 32479 29479 1981 10 10 2323 SPAS 1184
BIG RAPIDS MI 12 43.613 -83.313 1986 ] 9 1342 SPAS 1206
WARNER PARK IN 2 36.061 -36.906 2010 4 30 19.71 SPAS 1208
WOOSTER OH M 40915 -21.973 1269 7 4 1495 SPAS 1209
MINNEAPOLIS MN 11 44.889 -93.402 1987 7 23 11.33 SPAS 1210
CHEYENNE WY 13 41354 -104. 819 1983 8 1 715 SPAS 1213
BIG FORK AR 15 35.871 92121 1982 12 1 1592  SPAS 1219
DUBUQUE IA 1 42440 20.730 2011 7 27 15314  SPAS 1220
COLLEGE HILL OH 30 40.085 -31.648 1263 6 3 1939  SPAS 1226
FALL RIVER. K8 3 37.630 -26.030 2007 6 30 2330 SPAS 1228
FORT COLLING co 3 40.548 -105.133 1997 7 28 1448 SPAS 1230
BIG THOMPSON CANYON co 19 40479 -105.429 1976 7 il 1252 SPAS 1231
ALLEY SPRING MO 3 37.160 01450 2008 3 17 1510  SPAS 1242
FRIJOLE CREEK co 17 37.096 -104.379 1981 7 3 16.33 SPAS 1247
LAKEMATOYA NM 35 37.009 -104 341 1953 5 19 1482  SPAS 1251
WATERTON RED ROCK AB 75 49,090 -114.050 1973 6 15 1446  SPAS 1252
BIG ELE. MEADOW co 23 40267 -103.417 1969 3 4 2001 SPAS 1233
AURORA COLLEGE L 10 41458 -38.070 1996 7 16 18.13 SPAS 1286
PLUM CREEK co 28 39.188 -104.296 1963 6 15 16.70  SPAS 1293
HOLLY co 27 31713 -102.404 1963 6 16 19.18 SPAS 1203
PENROSE co 62 38464 -105.070 1921 6 2 1220  SPAS 1204
ELEERT co 35 30238 -104 488 1933 5 30 2400  SPAS 1205
HALE co 36 39.613 -102.263 1933 5 30 18.00  SPAS 1295
BOULDER Cco 36 40.0135 -105.268 2013 o 8 2041 SPAS 1302
CHEYENNE MOUNTAIN CO 35 38.790 -104 870 2013 o 8 18.89  SPAS 1302
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6. Updated Data Sets Used in this Study

Several new data sets not used in the development of HMRs 51 and 55A were
employed as part of this study in the development of the PMP and LIP values. These
include the development of updated maximum dew point climatology maps for use in
storm maximization and transposition, as well as the use of the HYSPLIT trajectory
model to help in identifying the moisture source region for individual storm events. The
identification and use of these data sets provide a significant improvement in storm
adjustments, especially relating to the determination of each storm’s moisture source and
derivation of appropriate maximization factors.

6.1 Development of the Updated Dew Point Climatology

Updated maximum average dew point climatologies provide 20-year, 50-year,
and 100-year return frequency values for 6-hour, 12-hour, and 24-hour durations. This
process followed the same reasoning and use as described in the other AWA PMP
studies. These analyses demonstrated that the maximum 12-hour persisting dew point
climatology used in HMRs 51 and 55A were outdated and more importantly did not
adequately represent the atmospheric moisture available in extreme rainfall storm
environments. The updated climatology more accurately represents the atmospheric
moisture fueling storms by using average maximum dew point values observed over
durations specific to each storm’s rainfall duration. The maximum average dew point
values replace the maximum 12-hour persisting dew point values which often missed or
underestimated the atmospheric moisture available and hence led to inaccurate
maximization calculations.

6.2 HYSPLIT Trajectory Model

The HYSPLIT trajectory model developed by the NOAA Air Resources
Laboratory (Draxler and Rolph 2003, 2010) was used during the analysis of each of the
rainfall events included on the short storm list when available (1948-present). Use of a
trajectory model provides increased confidence for determining moisture inflow vectors
and storm representative dew points. The HYSPLIT model trajectories have been used to
analyze the moisture inflow vectors in other PMP studies completed by AWA over the
past several years. During these analyses, the model trajectory results were verified and
the utility explicitly evaluated (e.g. Tomlinson et al. 2006-2011, Kappel et al. 2012-
2013).

Instead of subjectively determining the moisture inflow trajectory, the HYSPLIT
model interface was used to determine the trajectory of the atmospheric moisture inflow,
both location and altitude, for various levels in the atmosphere associated with the
storm’s rainfall production. The HYSPLIT model was run for trajectories at several
levels of the lower atmosphere to capture the moisture source for each storm event.
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These included 700mb (approximately 10,000 feet), 850mb (approximately 5,000 feet),
and storm center location surface elevation. For the majority of the analyses a
combination of all three levels was determined to be most appropriate for use in
evaluation of the upwind moisture source location. It is important to note that the
resulting HYSPLIT model trajectories are only used as a general guide of where to
evaluate the moisture source for storms in space and time. The final determination of the
storm representative dew point and its location is determined following the standard
procedures used by AWA in previous PMP studies and as outlined in the HMRs and
WMO manuals. Appendix F of this report contains each of the HYSPLIT trajectories
analyzed as part of this study for each storm. As an example, Figure 6.0 shows the
HYSPLIT trajectory model results used to analyze the inflow vector for the Council
Grove, K8, July 1951 storm (AWA 38).
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NOAA HYSPLIT MODEL
Backward trajectories ending at 1200 UTC 11 Jul 51
CDC1 Meteorological Data

at 3866 N 96.49 W
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Source 1 lat.: 38.66 lon.: -96.49 hgts: 0, 1100, 2740 m AGL
Trajectory Direction: Backward uration: 72 hrs

Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 01 Jul 2051 - reanalysis

Figure 6.0 HYSPLIT trajectory model results for Council Grove, KS, July 1951 storm
(AWA 18).
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6.3 Use of Grid Points to Spatially Distribute PMP Values

To appropriately distribute rainfall values spatially and temporally across the
large ANO basin, a series of grid points were used. The grid consisted of 22 locations,
one of which was the ANO site location. In addition, the overall grid was extended
outside of the basin boundaries over bordering regions (see Figure 1.3). This grid design
ensured that no extrapolation of adjusted rainfall values were required for any location
within the basin.

All appropriate storm rainfall values were maximized and transpositioned to each
of the 22 grid points as appropriate (Appendix F lists the grid point(s) where each storm
was transpositioned). Depth-Area (DA) curves for each duration (6-hours to 72-hours)
and for area sizes from 10- through 100,000-square miles were plotted for each grid point
and envelop curves constructed. Using results from the DA analyses, Depth-Duration
(DD) curves were constructed for each grid point (see Section 9 for details). Results
from the DD analysis were input into GIS where the values for each duration and area
size at each grid point were spatially analyzed. The final PMP maps derived using the
grid point methodologies are provided in Appendix A.

Having the contoured PMP maps to analyze on a regional basis proved to be a
very valuable asset compared to having only rainfall values at a single location. The
ability to look at the relationships among grid points at various spatial and temporal
scales as a whole proved very insightful and was of great importance in deriving the final
PMP values across the large ANO basin.

27



7. Storm Maximization

Storm maximization is the process of increasing rainfall associated with an
observed extreme storm under the potential condition that additional atmospheric
moisture could have been available to the storm for rainfall production. Maximization is
accomplished by increasing surface dew points to some climatological maximum and
calculating the enhanced rainfall amounts that could potentially be produced. An
additional consideration is usually applied that selects the climatological maximum dew
point for a date two weeks towards the warm season from the date that the storm actually
occurred. This procedure assumes that the storm could have occurred with the same
storm dynamics two weeks earlier or later in the year when maximum dew points (and
hence moisture levels) could be higher. A more detailed discussion of this procedure and
example calculations are provided in Appendix C.

7.1 Use of Dew Point Temperatures for Storm Maximization

HMR and WMO procedures for storm maximization use a representative storm
dew point as the parameter to represent available moisture to a storm. Prior to the mid-
1980s, maps of maximum dew point values from the Climatic Atlas of the United States
(1968) were the source for maximum dew point values. HMR 55A published in 1988
updated maximum dew point values for a portion of United States from the Continental
Divide eastward into the central plains. The regional PMP study for Michigan and
Wisconsin produced return frequency maps using the L-moments method. The Review
Committee for that study included representatives from NWS, FERC, Bureau of
Reclamation, and others. They agreed that the 50-year return frequency values were
appropriate for use in PMP calculations. HMR 57 was published in 1994 and HMR 59 in
1999. These more recent NWS publications also updated the maximum dew point
climatology, but used maximum observed dew points instead of return frequency values.
For the Nebraska statewide study, the Review Committee and FERC Board of
Consultants agreed that the 100-year return frequency maximum dew point climatology
maps were appropriate because this added a layer of conservatism over the use of 50-year
return period values. This has subsequently been employed in all AWA PMP studies.
This study is again using the 100-year return frequency climatology with the data updated
through the first half of 2013 (Figure 7.0).

Observed storm rainfall amounts are maximized using the ratio of precipitable
water for the maximum dew point to precipitable water for the storm representative dew
point, assuming a vertically saturated atmosphere. This procedure was followed in this
study using the updated maximum dew point climatology developed and described in
Section 6. A more detailed discussion, along with examples of this procedure, is
provided in Appendices C and D.

For storm maximization, average dew point values for the appropriate duration
which was most representative of the actual rainfall accumulation period for an individual
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storm (6-, 12-, or 24-hour) was used to determine the storm representative dew point. To
determine which time frame was most appropriate, the total rainfall amount was
analyzed. The duration (6-, 12- or 24-hour) closest to when approximately 90% of the
rainfall had accumulated was used to determine the duration used, i.e. 6-hour, 12-hour, or
24-hour.

Dewpoint Climatology Domains

Figure 7.0 Dew point climatology development dates and regions.

7.1.1 Rationale for Using Maximum Average Dew Point Climatology

In previous storm analyses performed by the NWS and the USACE, a 12-hour
persisting dew point was used for both the storm representative and maximum dew
points. The 12-hour persisting dew point is the value equaled or exceeded at all
observations during the 12-hour period (e.g. WMO 1986). However, as was established
in previous and ongoing AWA PMP studies, this dew point methodology tends to
underestimate the storm representative dew point value associated with the rainfall event.
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An excellent example of this, from the Nebraska statewide PMP study but
relevant for the storm types that affect the ANO basin, is illustrated by the David City,
NE 1963 storm. During this extreme storm event, a narrow tongue of moisture was
advected into the region by strong southeasterly flow during a short time period. Most of
the rain with this event (approximately 15 inches) accumulated in less than 6 hours
(Figure 7.1). For this storm, hourly dew point data were collected from several locations
near the rainfall event. These included Omaha, NE; Des Moines, IA; Topeka, KS; and
Kansas City, MO. Following standard procedures for determining storm representative
dew point location, it was determined that Topeka, KS and Kansas City, MO were the
two stations that best represented the air mass that produced the extreme rainfall. Using
hourly dew point data for these two stations clearly showed that use of 6-hour average
dew point values better represented the atmospheric moisture available to the storm event
than did use of 12-hour persisting dew point values. The 6-hour average dew point
representing the moisture in the air mass associated with the rainfall was 71.5°F at
Kansas City, MO and 71°F at Topeka, KS. Using these dew point values, a 1,000 mb 6-
hour average dew point of 73.5°F was determined for Kansas City, MO and a dew point
of 73°F was determined for Topeka, KS. Using the NWS approach, the 12-hour
persisting dew point is 63°F (65°F at 1,000 mb) at Kansas City, MO and 66°F (68°F at
1,000 mb) at Topeka, KS for an average 1,000 mb adjusted value of 66.5°F (Table 7.0).

Mass Curve - Storm #1030 - June 23-24, 1963
18 David City, Nebraska
Storm Center

w— Saipplamental Station 26
Labibude, 412132
Longilude 97 710

Accumulated Precipitation (inches)

1]

Time (hours)

Figure 7.1 Mass Curve as analyzed by SPAS for David City, NE 1963 storm event
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Table 7.0 Comparison of 6-hour average storm representative dew point vs. 12-hour
persisting storm representative dew point for David City, NE 1963

Observed Dew Point Values for David City, NE 1963

Kansas City, MO
Hour 00Z 01Z 02Z 03Z 04Z 05Z 06Z 07Z 08Z 09Z 10Z 11Z 12Z 13Z 14Z 15Z 16Z 17Z 182 192 20Z 21Z 22Z 23Z
Dew Point 58 61 62 62 63 63 63 64 66 68 69 71 72 72 72 7 4l 69 68 67 67 67 67 67
Air Mass Supplying Rainfall Event
12-Hour Persisting Td 63 ( 65 reduced to ) 12 Hour Persisting Td Timeframe
6-Hour Average Td 71.5 (73.5 reduced to 1000mb) 6 Hour Average Td timeframe

Topeka, KS
Hour 00Z 01Z 02Z 03Z 04Z 05Z 06Z 07Z 08Z 09Z 10Z 11Z 12Z 13Z 14Z 152 16Z 17Z 18Z 192 20Z 21Z 22Z 23Z
Dew Point 61 62 64 65 65 65 66 66 67 68 69 72 7 4l 4l 70 70 70 69 70 69 68 66 69
Air Mass Supplying Rainfall Event
12-Hour Persisting Td 66 (68 to ) 12 Hour Persisting Td Timeframe
6-Hour Average Td 71 (73 reduced to 1000mb) 6 Hour A ge Td ti

The 12-hour persisting dew point analysis included dew point values from a six
hour period not associated with the rainfall. The hourly dew point value that provides the
12-hour persisting dew point occurred outside of the rainfall period after adjustment for
advection time from the dew point observing station(s) to the storm location.

7.1.2 Rationale for Adjusting HMR 51 Persisting Dew Point Values

In some cases, storms on the short storm list previously analyzed in the USACE
Storm Studies and used in NWS HMRs, an adjustment factor was applied to provide
consistency in storm maximization while utilizing the updated dew point climatology.
The adjustment factor was determined using the same procedure used in the EPRI and
other AWA PMP studies.

Results from the dew point analyses showed consistent results for MCS type
storms for differences between the older method for determining 12-hour persisting storm
representative dew points and the approach using average storm representative dew
points. The following discussion from the EPRI report addresses these differences:

The average difference between dew points for the synoptic storms was five
degrees less than that for the MCS storms. This may be attributed to the greater
homogeneity of inflow moisture associated with the synoptic events. With most of the
modern MCS storms, limited-area, short-duration pockets of relatively moist air were
found within the inflow moisture at one or two locations. The analyses may indicate that
for MCS events, bubbles of extremely moist air interact with storm catalysts to create
extreme rainfall events of short duration. A warm humid air mass over a broad area with
small moisture gradients more aptly describes the synoptic inflow moisture. Several
Stations within the air mass may have the same or similar dew points. Much smaller
variations in dew points along the inflow moisture vector are expected.

Large spatial and temporal variations in moisture associated with MCS-type
storms are not represented well with 12-hour persisting dew points, especially when only
two observations a day are available. Average dew point values, temporally consistent
with the duration of the storm event provide a much improved description of the inflow
moisture available for conversion to precipitation. The more homogeneous moist air
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masses associated with synoptic storms result in smaller differences between average and
persisting values.

This analysis has provided correlations between 12-hour persisting storm dew
points and average storm dew points for both MCS and synoptic storms. Despite the
small sample size, the consistent results tend to support the reliability of the analysis.
However, the small sample size has been considered in making recommendations for
adjusting the old storm representative dew points for use in determining PMP
estimations. The eight degree difference for MCS-type storms has been decreased to five
degrees to provide a conservative adjustment. A similar consideration is made for
synoptic-type storms. The three-degree difference is decreased to two degrees to provide
a conservative adjustment. The adjusted representative storm dew points are used with
the new maximum average dew point climatology to maximize storms.

Similar analyses were completed in the Nebraska statewide PMP study, the Ohio
statewide PMP study, and the Wyoming statewide PMP study. These analyses
investigated additional modern storms. The results of these analyses of MCS storm data
provided an average difference of 7°F between the average and 12-hour persisting dew
points. For synoptic storms, the average difference was 2°F. Results of the more recent
analyses were very consistent with the EPRI study. This again validated the process of
adjusting the maximum 12-hour persisting dew points in order to achieve compliance
with using the maximum average dew point climatology.
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8. Storm Transpositioning

Extreme rain events that have occurred over geographically and climatically
similar regions surrounding a study area are a very important part of the historical
evidence on which PMP estimates for a drainage basin are based. Study locations usually
have a limited period of record for rainfall data collected within the basin boundaries and
hence have a limited number of extreme storms that have been observed over the basin.
Storms observed regionally with a similar meteorology and topography are analyzed and
adjusted to provide information describing the storm rainfall as if the storm had occurred
over the study basin. Transfer of a storm from where it occurred to a location that is
meteorologically and topographically similar is called storm transpositioning. The
underlying assumption is that storms transposed to the study area could occur over the
basin under similar meteorological conditions. To properly relocate such storms, it is
necessary to address issues of similarity as they relate to topography and meteorological
conditions and make appropriate adjustments.

The area considered to contain storms which were potentially transpositionable to
one or more grid points analyzed as part of this study extended from the Continental
Divide of the Rocky Mountains south of 48°N east through the first upslopes on the west
side of the Appalachians, south the southern Plains to approximately 50 miles north of
the Gulf of Mexico (see Section 4.1). This region was considered meteorologically
homogenous to one or more locations within the overall ANO basin. Further analysis of
storm patterns on both a temporal and spatial scale within non-orographic regions of the
basin revealed that only storms that occurred within a +/- 1,000 feet of elevation of a
particular location possessed similar enough storm dynamics to be transpositionable to
that location. Further, the limits of transpositionability were refined for specific storms
after all adjustments were applied based on meteorological judgment and fit with other
similar storms in the region.

8.1 Storm Transposition Calculations

The procedure for in-place storm maximization has been discussed (see Section
7.0). The same maps used for deriving maximum dew points were used in the storm
transpositioning procedure. The procedure for deriving the climatological maximum dew
points for use in the calculating the transposition maximization ratio uses the information
derived during the calculation of the in-place maximization factor. The wind inflow
vector connecting the storm location with the storm representative dew point location was
transpositioned to each grid point. The value of the maximum dew point at that upwind
location provided the transpositioned maximum dew point value used to compute the
transposition adjustment factor for relocating the storm to the appropriate grid point and
basin centroid. Figure 8.0 shows an example inflow vector map and transpositioned
vector to grid point 2 for the Albany, TX, August, 1978 (AWA 18) storm. The primary
effect of storm transpositioning was to adjust storm rainfall amounts to account for
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enhanced (or reduced) atmospheric moisture made available to the storm at the
transposed location versus the original location. A more detailed discussion of this
procedure and example calculations are provided in Appendix D. The inflow vector map
and data used to calculate the transposition factor for each storm are included in
Appendix F.
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Figure 8.0 An example of inflow wind vector transpositioning for Albany, TX, August,
1978 storm (AWA 18). The storm representative dew point location is 260 miles
south/southeast of the storm location.

8.2 Storm Spreadsheet Development Process

AWA has developed an Excel spreadsheet for each storm on the PMP and LIP
short storm lists which incorporates relevant storm information, automatically calculates
appropriate adjustment factors, and computes the adjusted rainfall DAD table. These
storm spreadsheets used the observed storm DADs, storm representative dew points,
maximum dew points (both in-place and transposition), storm elevation, and transposition
location elevation information either as published in the USACE Storm Studies reports,
HMR 51 tables, or as developed during AWA SPAS storm analyses. This information
was entered into individual storm spreadsheets, one for each short list storm for each
appropriate grid point. Using the storm center location and inflow vector, the in-place
maximum dew point was determined. The same inflow vector was then moved to each
appropriate grid point to determine the transpositioned maximum dew point value and
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total adjustment factor for that storm at each location. This information was entered into
the storm spreadsheet to calculate the in-place maximization factor, the transposition
factor, and finally the total adjustment factor. This total adjustment factor was applied to
the storm DAD table values to provide the final adjusted DAD table for the maximized
and transpositioned storm rainfall values at each location.

Once all the storms were adjusted to each appropriate grid point, DA and DD
plots were constructed for each location for analysis and envelopment. This ensured
spatial and temporal continuity for each grid point location. The resulting analysis results
were subsequently plotted and contoured within GIS to produce the final basin-wide PMP
maps. Appendix F includes the storm spreadsheets developed for each storm
transpositioned to a specific grid point. Figure 8.1 displays an example storm
spreadsheet for the Warner Park, TN, May, 2010 storm (AWA 2) at the basin centroid.
The information in Appendix F allows a user the opportunity to explicitly evaluate,
verify, and recalculate the values derived in this study, if so desired.
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Storm Adjustment for ANOQ Grid Point 1
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Total Adpsement Factor 086

Figure 8.1 Example of the storm spreadsheet for the Warner Park, TN, May 2010 storm
(AWA 2) transpositioned to grid point 1.
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9. Development of PMP Values for the ANO Basin

Storm maximization and transposition provide an indication of the maximum
amount of rainfall that a particular storm could have produced at any location within the
region analyzed for the ANO basin. Use of these values alone does not ensure that PMP
values are provided for all area sizes and durations since some of the maximized and
transpositioned values could be less than the PMP. By enveloping the rainfall amounts
from all the major storms, rainfall values indicative of the PMP magnitude are produced
(e.g. WMO, 1986, 2009). The standard process for deriving DAD values for all grid
point was used in the project.

9.1 Envelopment Procedures and DAD Derivation

Enveloping is a process for selecting the largest value from a set of data. This
technique provides continuous smooth curves based on the largest rainfall values from
the set of maximized and transpositioned storm rainfall values. The largest rainfall
amounts provide guidance for drawing the curves.

During the enveloping process, values which are not consistent (are either high or
low) are re-evaluated to insure reliability. High values are enveloped unless an
explanation can be provided to justify undercutting the value. No undercutting of rainfall
values was done in this study. Low values are also re-evaluated for reliability and then
enveloped to maintain consistency with surrounding values. This enveloping procedure
addresses the possibility that for certain area sizes and durations, no significantly large
storms have been observed that provide large enough values after being maximized and
transposed to represent PMP at an area size and/or duration. The result of this procedure
is a set of smooth curves that maintain continuity among temporal periods and areal sizes.

The envelopment process was used in PMP determination for this study,
following the same procedures used for envelopment in the derivation of PMP in the
HMRs, the WMO PMP Manual, and previous AWA PMP studies. Once the total storm
adjusted rainfall values for the appropriate storms at each grid point were determined,
they were plotted on individual DA charts for each duration for analysis. Envelopment
was applied to each DA curve for each duration. The DA envelopment curves were
drawn to provide continuity in space. Figure 9.0 is an example of an DA chart with the
envelopment curve for the 72-hour duration at the ANO grid point 1.
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Figure 9.0 72-hour DA curves for ANO grid point 1.

The second application of the envelopment process was used with the DD curves
at each location. Curves for each of the area sizes were constructed using results from
the DA analysis at each grid point. The DD curves were drawn to produce smooth curves
that provide continuity in time among all durations. Figure 9.1 gives an example of the

DD curves for grid point 1.
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Depth-Duration Chart of Enveloped Storm Data
ANO Grid Point 1
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Figure 9.1 DD curves for ANO grid point 1.

The final set of DD curves for all durations at each grid point defines the initial
set of PMP values. The envelopment of the adjusted storms together with the curve
smoothing process insured that all storm data were included and that the resulting set of
PMP values provides rainfall values that are consistent spatially and temporally at each
location. These are the values that were then plotted and contoured in GIS to begin the
process of manual smoothing. Several smoothing iterations were completed to provide
spatial and temporal continuity of the PMP values across all grid points. The final
version of this process produced the gridded PMP values.
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10. Storm Dimensions

10.1 PMP Design Storm Parameters

Storm isohyetal patterns for 10 storms evaluated with SPAS were evaluated
during a previous PMP study and compared to HMR 52 procedures and data over the
ANO basin. Each of these storms were representative of the PMP storm type used in the
PMP development. The SPAS storm analysis results were used to develop guidance for
the hydrologist regarding the PMP design storm's preferred isohyetal orientation and
range of movement (direction and speed) following the same approach as the overall
development of the PMP, i.e. a storm based, data driven approach. This was required
because of the large size of the ANO basin. The stationary PMP design storm as given in
HMR 52 may not be as conservative or as meteorologically consistent as would occur in
an actual PMP storm environment. Instead, the PMP storm isohyetal pattern would
exhibit a preferred orientation based on the storm type(s) that would potentially produce
the PMP rainfall over the basin. Further, those storm type(s) would exhibit some amount
of movement during the PMF analysis period. This movement would be directly related
to the storm dynamics and general meteorological synoptic pattern occurring with the
PMP rainfall.

AWA analyzed the hourly gridded rainfall from the 10 SPAS storm events in
Table 10.0 to derive these PMP design storm parameters. This procedure allowed for
continuity in the overall PMP development by following a storm based, data driven
approach to arrive at quantifiable results specific for the ANO basin.

Table 10.0 List of SPAS storms used in development of storm orientation and
movement parameters.

AWA Maximum

Storm Rainfall in |Precipitation
Storm Name State Number Lat Lon Year Month Day Inches |Source
ALLEY SPRING MO 3 37.160 81450 2008 3 17 1510  SPAS 1242
AURORA COLLEGE IL 10 41438 -88.070 1996 7 16 18.13  SPAS 1286
BIG RAPIDS M 12 43613 -83.313 1936 g g 1342 SPAS 1206
DUBUQUE 1A 1 42440 20.750 201 7 27 1514  SPAS 1220
EDGERTON MO 26 40413 83513 19463 7 18 2076 SPAS 1183
FALL RIVER KS 5 37.630 -836.030 2007 6 30 2550  SPAS 1228
HOEAH MN ] 43813 -81.363 2007 8 18 1832  SPAS 1048
HOLLY co 27 37713 -102.404 1943 ] 16 1218  SPAS 1293
WARNER PARK ™ 2 36.061 -86.906 2010 4 30 19.71  SPAS 1208
WOOSTER OH 24 40915 -31.973 1962 7 4 1495  SPAS 1200

10.2 Storm Orientation

Storm orientation is an important storm characteristic when considering the
placement of an isohyetal pattern over a basin. The orientations of the 10 storm events in
Table 10.0 were evaluated to determine a preferred storm orientation for a design PMP
storm pattern over the basin. The shape of each storm's total storm isohyetal pattern was
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examined to determine the orientation of the major axis. Storm orientations are described
by an angle of 180° to 359°, where 180° is equivalent to south-to-north and 270° is
equivalent to west-to-east orientation. Results of these investigations showed that the
orientation parameters as given in HMR 52 Figure 8 are appropriate for use in the ANO
basin.

10.3 Storm Movement Analysis

Storm movement for the 10 SPAS storm events were analyzed to determine a
maximum and minimum speed of movement and range of directions of storm
movement that could be expected for PMP storms. SPAS hourly rainfall grids were
accumulated in 12-hour increments and 24-hour increments through the total storm
duration and used in the analysis. The rainfall storm center for each set of 12-hour and
24-hour grids were used to get the distance and direction of movement. An elliptical
with a ratio of 2.5 was centered over each storm center (lat/lon), and the orientation for
each 12-hour and 24-hour pattern were determined. For example, the Warner Park,
TN, May 2010 storm (AWA 2) had five 12-hour increments. The ellipse used to
determine the orientation for the fourth 12-hour increment is shown in Figure 10.0.
This process was repeated for each 12-hour and 24-hour hour increment.

SPAS 1208 Warner Park, TN
5M/2010 0100- 5/3/2010 1200
12-hr Timing: Period 4 of 5

BN
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W Pracipitation {In) -] Y
.:m :-::-E|'--.:r-‘-|:|:r-|.;;:[]nr| "u--.'l'l N |:|:|:|r| ]
W ee-voo T aon-zoo ] xst s [l = [ avi-aee Jooe-m
B Jrermlaei-eon [P ee -0 [l ae -0

Figure 10.0 Example for Warner Park, TN, May, 2010 storm (AWA 2) showing
elliptical used to determine orientation of the fourth 12-hour increment.
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The rainfall storm centers for each 12-hour and 24-hour increment were used
to calculate an average storm center movement (in miles) for each increment. This was
done using least squares linear regression, the slope of the line is the direction of the
storm movement and the length of the line represents the storm movement speed. For
example, the Warner Park, TN, May 2010 storm (AWA 2) is shown below. This
analysis results in a total storm center movement distance to the east-northeast of 175
miles during the fourth 12-hour increment (Figure 10.1).

SPAS 1208 Warner Park, TN
5M72010 0100- 5/3/2010 1200
12-hr Tlging: Period 4 of 5

L

1ZHRLSLM_3 -

" o

Figure 10.1 Example for Warner Park, TN, May, 2010 storm (AWA 2). Storm
movement between each point at each 12-hour increment was calculated based on
regression line and storm center points.

The 12-hour and 24-hour distances that a storm center moved were calculated
and the direction of movement was determined using the storm centers for each 12-
hour and 24-hour increment. The largest distance between to storm center locations for
the 12-hour and 24-hour increments was measured and the line between these points
was used to determine the orientation. For example, the Warner Park, TN, May 2010
storm (AWA 2) had three 24-hour increments, the greatest storm center movement
was between the first and second storm center. The distance and direction of this line
was 165 miles with an orientation of 255° (Figure 10.2).
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SPAS 1208 Warner Park, TN
572010 0100- 5/3/2010 1200
24-hr Timing: Period 3 of 3

BE

Figure 10.2 Example for Warner Park, TN, May, 2010 storm (AWA 2), 24-hour longest
storm center movement and orientation.

The average storm center movement, by ordinary least squares regression, and
maximum 12-hour and 24-hour distance and orientation were analyzed to determine
the most appropriate range storm movement. The 24-hour movement was used for
PMP/PMF determination. This analysis led to the following recommendations for
PMP design storm movement of the all-season and cool-season PMP isohyetal
patterns across the basin.

PMP Design Storm Isohyetal Movement and Orientation Recommendation
The maximum amount a storm can be moved in a 24-hour period is 200 miles
and the minimum amount is 20 miles. The orientation of the isohyetal pattern should

follow the guidance produced in HMR 52 and will vary from west to east and north to
south across the ANO basin.
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11. Local Intense Precipitation (LIP)

AWA completed an analysis to derive the 1-hour 1-square mile Local Intense
Precipitation (LIP) for the ANO site location. This analysis followed the storm-based
approach as used in the overall PMP development and as given in HMRs 51 and 52.
The storm-based approach utilizes observed rainfall data from rainfall events which
have occurred over the site and in regions where storms are considered to be
transpositionable to the ANO site location. These rainfall data are maximized in-
place following standard maximization procedures, then transpositioned to the ANO
location. The transpositioning process accounts for differences in moisture and
elevation between the original storm location and the ANO site. The process
produces a total adjustment factor that is applied to the original rainfall data for each
storm. The result represents the maximum rainfall each storm could have produced at
the site had all factors leading to the rainfall been ideal and maximized. Information
is included in this section detailing the storms used, how they were analyzed, and how
the LIP values were derived. Information on each individual storm event evaluated is
included in Appendix G, with the dew point climatologies used to maximize the
storms provided in Appendix B.

11.1 Development of LIP Values

The PMP values provided in HMR 51 for the ANO site provide values
starting with the 6-hour duration and the 10-square mile area size. There are no
explicit values provided at the 1-hour duration and/or 1-square mile area size. HMR
52 provides information to derive the 1-hour 1-and 10-square mile values based on
HMR 51 6-hour 10-square mile storm analyzed values. Unfortunately, the most
recent storm evaluated in HMR 51 occurred in 1972. In addition, because HMR 51
covers a large domain, generalization and conservatism were employed in the
development of the respective PMP and LIP values. This resulted in LIP values
which were influenced by storms not appropriate for the ANO site location (e.g.
Smethport, PA July 1942) and therefore are not reliable values for the ANO site.

The site-specific LIP analysis performed during this study for the ANO site
corrected many of the issues in the HMRs by explicitly evaluating storms which are
directly transpositionable to the ANO site. In addition, the understanding of the
meteorology of these events has advanced significantly since HMR 51 was published.
These corrections and the updated storm database were employed in this calculation.
In addition, the results and data from numerous SPAS storm analyses used in the
PMP development in this study and several others in the region were used extensively
in this analysis.

11.2 LIP Storm List
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The initial step in the development of the LIP values was to identify a set of
storms which represent rainfall events that are LIP-type local storm events. This
included storms where extreme heavy rainfall accumulated over short durations and
small area sizes. These include observed rainfall amounts associated with MCS and
individual thunderstorms. This procedure is similar to what is described in HMR 52
Section 6.

AWA evaluated all storms used in previous PMP studies in the region
considered transpositionable to the ANO location to develop a list of the storms
needed for proper LIP evaluation and determination. This resulted in 23 events being
evaluated (Table 11.0 and Figure 11.0). Fourteen of these storms were previously
analyzed in HMRs 33 and 51 by the NWS and USACE. The remaining nine were
analyzed using SPAS.

Table 11.0 Storms used in the 1-hour 1-square mile Local Intense Precipitation

analysis.
AWA AND
Sterm Mz (Precipiiadlon | Total Adjustmen:| AND 1-hour
Storm MName Saate ]."ﬁnmlujr_ Lot Lam Year | Mhawih 1 Dy Rainfall |Semrce f_u_lllr Imi’ FMF
WARNER PARK ™ 2 MosIl  -BE OO a0 | 1 30 1971  SPAS 1M LIk 440
LARTO LAKE LA 1 31.229 22 150 24 2 1 133  SPASIIR L13 To7
FALL RIVER K5 5 ITAI00  -pAOSDO w7 | ] 30 1% SPASI1NG 123 48
AT RANY ™ (k] 312 7280 00 3500 178 E 3 315 EPASLITR 126 1536
| | 3gas) Ok n e BT asES wE | 1o 10 1041 SPAS 1034 120 [ H]
TWOOSTER OH bl 400348 Bl 8728 1845 7 i 1i8F EPAS MG 130 6.3
GLADEWATER TH 2 325340 gt s | i i 143 SPAS 18] (5] 382
JEDIERTON MO -] 404135 | DES10Y 1585 T 1B 076 SPAS1IE3 137 4147
COLLEGE HELL OH # TS F I BT 1983 | ] 3 05 SPAS 114 1.34 487
CARIE POLEC Ly El 31087 03204 1253 4 1% 0 = Y 0. ey 97
[HARRGONBURG DAN LA ™ 11 741 E R i 1995 | 3 1 48 LMV 4 102 B0
EELSO (A 5T 119068 BB 5205 1852 g 1 1508 LAV 330 L2 1057
HOLT hOGH el 1 L ST L T 5 1% 168 MEE-20 118 1456
COLITMEVILLE iR Ll IR6TIT  -ERSSDD 1544 B k2 187 MBIB 1te 457
MDLNDS Ok H FLETI0 P 0s10 M3 | 3 I 170 sWEn 138 ENT]
SILVER LAKE X 45 JLETHy | BESDED 1543 ] k) 6.5 BW3i3 L3 10435
HALLETT CE 62000 088000 1840 ] 1 M 5w 218 Li7 1378
ENGE ™™ Bl Lt 1] BTN 1840 ] 20 2.7 (EL5 S| | B ) B50
HEEE T=® B .35 BT 682 1936 ] 30 108 G 58 L1l P
PREQSHOFAILR Es &1 M0y ORLT00 1824 B 12 1 EWEi 134 1148
THRALL =X " 10591 a7t 1% ] g - R N ) L 18354
JoNARARTE LA 0] 40 7847 -1 7DD 1904 ] 10 1218 UnV 33 120 B14
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Location of LIP Short List Storms
Arkansas Nuclkear One Power Plant
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Figure 11.0 Storms used in the LIP calculations in relation to the ANO site location.
11.3 LIP Storm Calculation Process

Most of the 14 storms analyzed by the NWS/USACE did not contain explicit
I-hour 1-square mile rainfall data. This is the result of the lack of hourly recording
information available during the original analyses. To correct for this, information
presented in HMR 52, Section 6 was utilized. This information provided ratios which
allowed for the computation of the 1-hour 1-square mile value to be derived from the
6-hour 10-square mile PMP value (HMR 52 Figure 23). Although these ratios were
derived to apply to the HMR 51 PMP values, they are implicitly relevant for use in
this calculation because both processes are using the same data set and following the
storm-based approach, i.e. it is only a scaling variation that is occurring. No inherent
change or adjustment to the data is taking place that would result in a different data
set or storm type. For the Bonaparte, IA June 1905 and Holt, MO June 1947 storm
events analyzed by the NWS/USACE, explicit 1-hour data was available and
therefore no ratio application was required.

The nine storms analyzed using SPAS allowed for explicit hourly rainfall to

be evaluated with a spatial resolution of 1/3rd square mile. This provided data for the
storm rainfall 1-hour 1-square mile area sizes to be explicitly evaluated.
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Once all the storms were identified and their 1-hour 1-square mile values
derived, the final step in the process was to maximize each storm specific to the ANO
location. This was a two-step process. First, the in-place maximization factor was
calculated. This provides a value that is applied to the observed storm values which
represents what the storm rainfall would have been had the atmospheric conditions
and moisture been at maximum levels when the storm occurred. Next, the resulting
in-place maximized values for each storm was adjusted as if the storm had occurred
over the ANO site. To accomplish this, the transposition calculation process was
followed to adjust the storm from its original location to the ANO site. The
transposition calculation adjusts for differences in available moisture both in the
horizontal (north/south and east/west directions) and vertical (differences in
elevation) at the site versus the original storm location. All the calculations and
resulting values for each storm used in the LIP analysis are provided in Appendix G.

After the maximization and transposition factors were calculated for each of
the storms, the results were applied to the maximum 1-hour value for each storm to
calculate the maximized 1-hour 1-square mile values. The largest of these values
results in the site-specific LIP for the ANO site (see Table 11.0 for all resulting
values). After adjustments were applied, the Thrall, TX September 1921 storm
(AWA 77) had the highest 1-hour rainfall, with four other storms providing slightly
smaller values and support for this value. Note that use of the Thrall, TX storm at the
ANO site is beyond the transposition limits noted by the NWS. Therefore, AWA"s
judgment to use this storm at the site produces LIP values that are higher than would
be calculated had Thrall, TX not be transpositioned. However, this transposition
limits of the storm, as well as the meteorology which led to the rainfall, were deemed
similar enough during this analysis to allow it to be transpositioned.

For final application of the LIP hydrology, this value is then required to be
split into sub-hourly increments of 5-, 15-, 30-minutes. Updated evaluations of the
appropriate amount of rainfall to assign to each increment for the site based on storm
data would have been ideal. However, a lack of sub-hourly PMP-type storm data
from the 14 storms analyzed by the NWS/USACE prevented an updated evaluation
from being completed. Therefore, it is recommended that the ratios derived in HMR
52 be applied at the ANO site (HMR 52 Figures 36-38). Table 11.1 shows the result
of applying these ratios to the maximized Thrall, TX September 1921 (AWA 77)
rainfall.

Table 11.1 Site specific 1-hour 1-square mile LIP values at the ANO site.

ANO
PMP Depth (in) at 1-hour
Time {min) 1-square mile
60 16.3
30 12.2
15 8.4
5 5.4
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12.

Results

The following are the main conclusions from this study:

HMR 51 and 55A PMP values are outdated. This study provided updated PMP
values to replace HMR 51 and 55A PMP values.

HMR 52 PMP design storm parameters were based on a set of storms that were
not specifically transpositionable to this basin. This study provided updated PMP
design storm movement guidance based on storms transpositionable to this basin
and taking into consideration the large size of this basin.

The most recent storm used to derive PMP values in HMR 51 occurred in 1972.
This study updated the storm database to include storms through 2013.

HMRs 51 and 52 did not use computer based technologies in the storm analyses
procedures. This study used computer technology and GIS to more accurately
analyze storm rainfall patterns and implement the spatially distributed PMP
values.

HMRs 51, 52, and 55A did not have weather radar to help spatially distribute
rainfall among rain gauge locations. SPAS storm analyses incorporates this
information when available to provide the most advanced spatial representation of
rainfall storm patterns possible.

Understanding of meteorological processes, interactions, and storm patterns have
advanced greatly since the publication of HMRs 51 and 55A. Satellite and radar
technology have greatly added to the understanding of storm patterns over the last
40 years. This study incorporated the state-of-the-science understanding and
technology associated with analyzing extreme rainfall events.

HMRs 51 and 52 provide generalized and smoothed LIP values over a large
geographic domain that covers the United States east of the 105™ meridian. This
calculation considered characteristics specific to the site, and produced PMP
values that explicitly considered the meteorology of the PMP storm type which
would result in the 1-hour 1-square mile area size LIP values.

The transposition limits of the Smethport, PA July 1942, which produced the 4-
and 6-hour world record rainfall, were not allowed to influence the LIP values at
the ANO site. The refined transposition limits used in this calculation result in
lower LIP values compared to HMR 52 for locations where the Smethport storm
apparently influenced PMP values in HMR 51. Smoothing of the PMP/LIP
isolines in HMRs 51 and 52 necessarily had to encompass the Smethport
maximized in-place rainfall far beyond its explicit transposition limits. Note,
Section 3.2.4 of HMR 51 states that they "slightly undercut" the maximized 6-,
12-, and 24-hour values by up to 7% to avoid "excessive envelopment of all other
data in a large region surrounding the Smethport location." This over
envelopment effect extended well beyond the intended transposition limits of the
Smethport storm because the PMP/LIP isolines required smoothing and fitting
over surrounding regions.
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e [Each storm’s inflow vector was re-evaluated and combined with an updated set of
dew point climatologies and when necessary, updated storm representative dew
point values were used for the in-place maximization and transposition factors.
The HYSPLIT trajectory model (Draxler and Rolph 2003, Draxler and Rolph
2010) was used to evaluate moisture inflow vectors for storms on the short storm
list. Trajectory models were not available in HMR studies. Use of HYSPLIT
allowed for a high degree of confidence when evaluating moisture inflow vectors
and storm representative dew points.

e Several new storms have been analyzed and included in this LIP analysis that
were not included in HMRs 33, 51, and 52. This provided a higher level of
confidence in the final PMP values. Further, this allowed for a refined set of
values that better represent the LIP estimates at the site. This expanded the data
set used to derive LIP includes a large number of recent storms where weather
radar data were available.

e The calculation provided adjustments for storm elevation to the nearest 100 feet
of elevation, whereas HMRs 51 and 52 made no explicit adjustment for elevation.
This adjustment depends on the elevation of the historic storm's maximum rainfall
location and therefore varies from storm to storm.

e Storms analyzed by the NWS/USACE which occurred prior to 1948 and used 12-
hour persisting dew points in the storm maximization process were adjusted so
that the updated dew point climatology could be utilized consistently. For
thunderstorms and MCC storm events 7°F was added to the NWS/USACE storm
representative dew point. This was done to adjust for using average dew point
values for varying durations vs. 12-hour persisting dew point values. Recent
evaluations of 12-hour persisting storm representative dew points showed those
used in HMR 51 underestimated the storm representative dew point values.

12.1 PMP Values

This PMP study has produced PMP values for use in computing the PMF using
HMR 52 procedures with modifications to account for the large size of the ANO basin.
This includes updated quantification of the PMP design storm movement across the
basin. Values for all durations and area sizes provided in HMRs 51 and 55A, as well as
for additional area sizes out to 100,000 square miles have been computed using the
procedures described in this report.

The study provides PMP values for use in computing the PMF at any location
within the basin. Values for all durations up to 72 hours and areal sizes up to 100,000
square miles have been computed in gridded GIS format. Note, HMR 51 standard area
sizes extend only to 20,000 square miles and HMR 55A only extends to 5,000 square
miles. Appendix A contains the PMP maps produced in this study.

The study was designed to retain as much continuity as possible with the

methodology used in HMRs 51 and 55A, as well as previous AWA studies, while
incorporating improvements based on changes in technology, meteorological
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understanding, and availability of updated data. In addition, special consideration was
given to the size of the ANO basin, especially relating to the PMP design storm
movement.

Full SPAS storm rainfall analyses were completed for one storm not analyzed in
the HMRs or the previous AWA studies. The study continued the use of surface dew
point data to quantify moisture inflow to storms. However, instead of using the 12-hour
persisting value as in HMR 51, an average dew point value for a duration (6-, 12-, or 24-
hours) consistent with the storm precipitation was used. This approach provides a more
representative parameterization of the moisture available to the storm.

An updated dew point climatology was developed during previous AWA studies
and was used in this study. This allows for average dew point values and maximum
average dew point climatology maps at the 100-year return frequency level for 6-, 12-,
and 24-hour durations to be used for storm maximization and transposition. Storms were
maximized and transpositioned to a set of 22 grid points. This covered the entire basin
and provided a margin for boundary conditions (see Figure 1.4).

12.2 Comparison of the PMP Values with HMR 51 PMP

A comparison was made at various area sizes and durations to determine the
difference between results of PMP values versus HMR 51 values at each grid point where
HMR 51 PMP values were available for direct comparison. Tables 12.0-12.4 provide the
percent reductions from HMR 51 PMP values throughout the basin at each area size and
duration analyzed for all grid points.

50



Table 12.0 Percent difference between PMP values at each grid point at the 6-hour
duration vs HMR 51 PMP values. Negative values represent reductions from HMR 51.
Only grid points with HMR 51 values are included in the comparisons.

Arkansas Nuclear One Grid Points 6-hr PMP

Grid Point 10 sgmi | 200 sgmi | 1,000 sqmi | 5,000 sgmi | 10,000 sgmi | 20,000 sgmi
1 -26% -26% -22% -23% -19% -14%
2 -21% -17% -19% -22% -19% -14%
3 -20% -20% -19% -19% -18% -20%
4 -19% -19% -21% -13% -11% -12%
3 -22% -18% -19% -30% -34% -31%
8 -26% -20% -20% -20% -20% -21%
9 -26% -17% -19% -20% -20% -18%
10 -26% -17% -17% -17% -16% -15%
11 -24% -20% -19% -15% -14% -12%
12 -20% -17% -19% -29% -26% -26%
16 -25% -17% -17% -18% -18% -14%
17 -24% -16% -14% -14% -14% -13%
18 -23% -20% -17% -15% -16% -13%
19 -19% -19% -19% -30% -32% -33%
20 -21% -22% -27% -32% -33% -40%

Table 12.1 Percent difference between PMP values at each grid point at the 12-hour
duration vs HMR 51 PMP values. Negative values represent reductions from HMR 51.
Only grid points with HMR 51 values are included in the comparisons.

Arkansas Nuclear One Grid Points 12-hr PMP

Grid Point 10 sgmi | 200 sgmi | 1,000 sqmi | 5,000 sgmi | 10,000 sgmi | 20,000 sgmi
1 -27% -25% -22% -15% -13% -17%
2 -22% -18% -23% -16% -13% -17%
3 -20% -13% -24% -19% -17% -23%
4 -16% -7% -18% -9% -10% -16%
3 -23% -15% -22% -27% -28% -26%
8 -23% -21% -23% -21% -18% -20%
9 -23% -21% -21% -16% -13% -15%
10 -22% -20% -19% -12% -12% -14%
11 -22% -21% -18% -12% -18% -24%
12 -24% -24% -25% -19% -22% -27%
16 -21% -19% -19% -16% -14% -16%
17 -20% -17% -16% -15% -15% -16%
18 -22% -19% -17% -12% -14% -20%
19 -24% -24% -25% -20% -27% -34%
20 -28% -23% -32% -25% -34% -45%
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Table 12.2 Percent difference between PMP values at each grid point at the 24-hour
duration vs HMR 51 PMP values. Negative values represent reductions from HMR 51.
Only grid points with HMR 51 values are included in the comparisons.

Arkansas Nuclear One Grid Points 24-hr PMP

Grid Point 10 sgmi | 200 sgmi | 1,000 sqmi | 5,000 sgmi | 10,000 sgmi | 20,000 sgmi
1 -27% -20% -18% -11% -12% -12%
2 -25% -22% -26% -19% -15% -13%
3 -18% -12% -23% -22% -20% -18%
4 -13% -5% -14% -12% -7% -5%
3 -24% -13% -21% -13% -11% -10%
8 -23% -18% -22% -18% -12% -10%
9 -25% -19% -22% -15% -7% -4%
10 -20% -14% -19% -10% -4% 1%
11 -20% -17% -17% -12% -11% -8%
12 -21% -22% -20% -12% -12% -8%
16 -23% -16% -19% -11% -8% -1%
17 -22% -17% -16% -13% -7% -2%
18 -23% -16% -20% -16% -13% -12%
19 -21% -22% -21% -14% -28% -24%
20 -21% -23% -22% -15% -34% -29%

Table 12.3 Percent difference between PMP values at each grid point at the 48-hour
duration vs HMR 51 PMP values. Negative values represent reductions from HMR 51.
Only grid points with HMR 51 values are included in the comparisons.

Arkansas Nuclear One Grid Points 48-hr PMP

Grid Point 10 sgmi | 200 sgmi | 1,000 sqmi | 5,000 sgmi | 10,000 sgmi | 20,000 sgmi
1 -25% -17% -18% -13% -9% -5%
2 -25% -16% -20% -16% -13% -8%
3 -22% -12% -16% -16% -11% -4%
4 -17% -7% -10% -8% -1% 7%
3 -27% -18% -21% -20% -20% -19%
8 -28% -18% -16% -14% -11% -9%
9 -26% -17% -17% -11% -7% -5%
10 -27% -16% -16% -11% -7% -4%
11 -25% -17% -19% -13% -8% -7%
12 -27% -16% -24% -23% -23% -21%
16 -26% -14% -16% -10% -6% -4%
17 -26% -14% -13% -8% -5% -3%
18 -25% -13% -22% -12% -7% -6%
19 -23% -11% -25% -25% -22% -26%
20 -21% -9% -24% -25% -23% -34%
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Table 12.4 Percent difference between PMP values at each grid point at the 72-hour
duration vs HMR 51 PMP values. Negative values represent reductions from HMR 51.
Only grid points with HMR 51 values are included in the comparisons.

Arkansas Nuclear One Grid Points 72-hr PMP

Grid Point 10 sgmi | 200 sgmi | 1,000 sqmi | 5,000 sgmi | 10,000 sgmi | 20,000 sgmi
1 -27% -20% -19% -17% -15% -13%
2 -28% -22% -23% -20% -17% -15%
3 -26% -19% -20% -19% -18% -16%
4 -20% -12% -14% -11% -6% -5%
3 -27% -18% -21% -18% -19% -25%
8 -29% -19% -18% -16% -15% -14%
9 -28% -19% -18% -12% -10% -8%
10 -29% -17% -17% -11% -8% -8%
11 -27% -15% -14% -9% -8% -9%
12 -27% -17% -23% -26% -27% -26%
16 -28% -15% -17% -11% -9% -9%
17 -28% -16% -15% -6% -4% -5%
18 -27% -16% -19% -7% -3% -4%
19 -25% -14% -25% -16% -23% -17%
20 -23% -11% -21% -20% -32% -32%

12.3 Reasons for Reductions of PMP versus HMR 51

This PMP study provided differences in PMP values from those presented in
HMR 51. This study explicitly addressed elevation, whereas detailed terrain effects were
not evaluated in HMR 51. All HMR 51 storms on both the PMP and LIP short storm lists
were re-evaluated to determine the updated storm representative dew point and
maximized using an updated dew point climatology.

Since the study followed the same basic storm rainfall adjustment procedures as
HMR 51, it would be useful to understand the cause of the differences in the PMP values.
Detailed working papers are not available for HMR 51, so explicit differences in
calculations and procedures cannot be evaluated. However, the following issues were
treated differently in the two studies:

1. HMR 51 provides generalized and smoothed PMP values over a large geographic
domain  covering the United States east of the 105™ meridian. Specific
characteristics unique to individual basins, such as ANO, were not addressed. This
study considered characteristics specific to the basin, and produced PMP values
explicitly considered the meteorology of the PMP storm type which would results
in the PMF for the basin.

2. Each storm’s inflow vector was re-evaluated and combined with an updated set of

dew point climatology data and when necessary, updated storm representative dew
point values were used for the in-place maximization and computation of the total
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adjustment factors. The HYSPLIT trajectory model was used to evaluate and
verify moisture inflow vectors for storms on the short storm list. Trajectory
models were not available in previous HMR studies. The use of HYSPLIT
allowed for a high degree of confidence when evaluating moisture inflow vectors
and storm representative dew points.

Several new storms have been analyzed and included in this PMP study that were
not included in HMRs 51 and 55A. This provided a higher level of confidence in
the final PMP and LIP values. Further, this allowed for a refined set of values that
better represent the PMP values, as the data set used to derive PMP has been
expanded to include a larger set of more recent storms.

The site-specific PMP study provided adjustments for storm elevation to the
nearest 100 feet of elevation, whereas HMR 51 made no explicit adjustment for
elevation for PMP value over the basin. This adjustment depends on the elevation
of the historic storm's maximum rainfall location and therefore varies from storm
to storm. Further, the average basin elevation for each grid point was evaluated in
this study using GIS, providing a much more accurate representation and
calculation to account for loss of available moisture up to that elevation.

SPAS was used in conjunction with NEXRAD data (when available) to evaluate
the spatial and temporal distribution of rainfall. Use of NEXRAD data generally
produced higher point rainfall amounts than were observed using only rain gauge
observations and provides objective spatial distributions of storm rainfall for
locations among rain gauges. SPAS results provided storm DADs, total storm
precipitation patterns, and mass curves for the newly analyzed storms. Using these
technologies, significant improvements of the storm rainfall analyses were
achieved.

Previously analyzed storm events that occurred prior to 1948 that used 12-hour
persisting dew points were adjusted using storm representative dew point
adjustments of 2°F for synoptic type storm events and 7°F for MCS type storm
events. This was done to adjust for using average dew point values for varying
durations vs. 12-hour persisting dew point values. Recent evaluations of 12-hour
persisting storm representative dew points show those used in HMRs 51 and 55A
underestimated the storm representative values. An updated set of maximum dew
point climatology maps were produced. These maps have higher maximum dew
point values than those used in HMR studies and therefore compensate to some
extent for the higher storm representative dew points.

HMRs 51 and 52 provide generalized and smoothed LIP values over a large
geographic domain that covers the United States east of the 105™ meridian.
Specific characteristics unique to the ANO site were not addressed. This
calculation considered characteristics specific to the site, and produced PMP
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values that explicitly considered the meteorology of the PMP storm type which
would result in the 1-hour 1- square mile area size LIP values.

The transposition limits of the Smethport, PA July 1942, which produced the 4-
and 6-hour world record rainfall, were not allowed to influence the LIP values at
the ANO site. The refined transposition limits used in this calculation result in
lower LIP values compared to HMR 52 for locations where the Smethport storm
apparently influenced PMP values in HMR 51. Smoothing of the PMP/LIP
isolines in HMRs 51 and 52 necessarily had to encompass the Smethport
maximized in-place rainfall far beyond its explicit transposition limits. Note,
Section 3.2.4 of HMR 51 states that they "slightly undercut" the maximized 6-,
12-, and 24-hour values by up to 7% to avoid "excessive envelopment of all other
data in a large region surrounding the Smethport location." This over
envelopment effect extended well beyond the intended transposition limits of the
Smethport storm because the PMP/LIP isolines required smoothing and fitting
over surrounding regions.
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13. Sensitivity Analysis

In the process of deriving site-specific PMP values, various assumptions were
made and explicit procedures were adopted for use. Additionally, various parameters and
derived values are used in the calculations. It is of interest to assess the sensitivity of
PMP values to assumptions that were made and to the variability of parameter values.

13.1 Assumptions

13.1.1 Saturated Storm Atmospheres

The atmospheric air masses that provide moisture to both the historic storm and
the PMP storm are assumed to be saturated through the entire depth of the atmosphere
and to contain the maximum moisture possible based on the surface dew point. This
assumes moist pseudo-adiabatic temperature profiles for both the historic storm and the
PMP storm. Limited evaluation of this assumption in the EPRI Michigan/Wisconsin
Regional PMP study (Tomlinson, 1993) and the Blenheim Gilboa study (Tomlinson et al.
2008) indicated that historic storm atmospheric profiles are generally not entirely
saturated and contain somewhat less precipitable water than is assumed in the PMP
procedure. It follows that the PMP storm (if it were to occur) would also have somewhat
less precipitable water available than the assumed saturated PMP atmosphere would
contain. What is used in the PMP procedure is the ratio of precipitable water associated
with each storm. If the precipitable water values for each storm are both slightly
overestimated, the ratio of these values will be essentially unchanged. For example,
consider the case where instead of a historic storm with a storm representative dew point
of 70°F degrees having 2.25 inches of precipitable water assuming a saturated
atmosphere, it actually had 90% of that value or about 2.02 inches. The PMP procedure
assumes the same type of storm with similar atmospheric characteristics for the
maximized storm but with a higher dew point, say 76°F degrees. The maximized storm,
having similar atmospheric conditions, would have about 2.69 inches of precipitable
water instead of the 2.99 inches associated with a saturated atmosphere with a dew point
of 76°F degrees. The maximization factor computed using the assumed saturated
atmospheric values would be 2.99/2.25 = 1.33. If both storms were about 90% saturated
instead, the maximization factor would be 2.69/2.02 = 1.33. Therefore potential
inaccuracy of assuming saturated atmospheres (whereas the atmospheres may be
somewhat less than saturated) should have a minimal impact on storm maximization and
subsequent PMP calculations.

13.1.2 Maximum Storm Efficiency

The assumption is made that if a sufficient period of record is available for
rainfall observations, at least a few storms would have been observed that attained or
came close to attaining the maximum storm efficiency possible in nature for converting
atmospheric moisture to rainfall for regions with similar climates and topography. The
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further assumption is made that if additional atmospheric moisture had been available,
the storm would have maintained the same efficiency for converting atmospheric
moisture to rainfall. The ratio of the maximized rainfall amounts to the actual rainfall
amounts would be the same as the ratio of the precipitable water in the atmosphere
associated with each storm.

There are two issues to be considered. First is the assumption that a storm has
occurred that has rainfall efficiency close to the maximum possible. Unfortunately, state-
of-the-science in meteorology does not support a theoretical evaluation of storm
efficiency for use in PMP evaluation. However, if the period of record is considered
(generally over 100 years), along with the extended geographic region with
transpositionable storms, it is accepted that there should have been at least one storm with
dynamics that approach the maximum efficiency for rainfall production.

The other issue is the assumption that storm efficiency does not change if
additional atmospheric moisture is available. Storm dynamics could potentially become
more efficient or possibly less efficient depending on the interaction of cloud
microphysical processes with the storm dynamics. Offsetting effects could indeed lead to
the storm efficiency remaining essentially unchanged. For the present, the assumption of
no change in storm efficiency is accepted, mirroring the HMR and WMO assumptions.

13.2 Parameters

13.2.1 Storm Representative Dew Point and Maximum Dew Point

The in-place maximization factor depends on the determination of storm
representative dew points, along with maximum historical dew point values. The
magnitude of the maximization factor varies depending on the values used for the storm
representative dew point and the maximum dew point. Holding all other variables
constant, the maximization factor is smaller for higher storm representative dew points as
well as for lower maximum dew point values. Likewise, larger maximization factors
result from the use of lower storm representative dew points and/or higher maximum dew
points. The magnitude of the change in the maximization factor varies depending on the
dew point values. For the range of dew point values used in most PMP studies, the
maximization factor for a particular storm will change about 5% for every 1°F difference
between the storm representative and maximum dew point values. The same sensitivity
applies to the transposition factor, with ~ 5% change for every 1°F change in either the
in-place maximum dew point or the transposition maximum dew point.

For example, consider the following case:

Storm representative dew point: 75°F Precipitable water: 2.85"

* Note that the amount of moisture per degree of dew point temp is not linear, but this 5% formula fits
within the range of dew points used in this analysis.
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Maximum dew point: 79°F Precipitable water: 3.44"
Maximization factor = 3.44"/2.85" = 1.21

If the storm representative dew point were 74°F with precipitable water of 2.73",
Maximization Factor = 3.44"/2.73" = 1.26 (an increase of approximately 4%)

If the maximum dew point were 78°F with precipitable water of 3.29",
Maximization Factor = 3.29"/2.85" = 1.15 (a decrease of approximately 5%)

13.2.2 Sensitivity of the Elevation Adjustment Factor

Variations in elevation associated with topographic features remove atmospheric
moisture from an air mass as it moves over the terrain. When storms are transpositioned,
the elevation of the storm center location is used to compute the amount of atmospheric
moisture depleted from the storm atmosphere during the in-place moisture maximization
process. The absolute amount of moisture depletion is somewhat dependent on the dew
point values, but is primarily dependent on the elevation at the original storm location
compared to the elevation of the basin centroid and each grid point. The elevation
adjustment is slightly less than 1% for every 100 feet of elevation change between the
original storm location and the study basin elevation.

For example, consider the following case:

Maximum dew point: 79°F
Elevation: 1,000
Precipitable water between 1000-mb and the top of the atmosphere: 3.44"
Precipitable water between 1000-mb and 1,000": 0.28"
Elevation Adjustment Factor = (3.44"-0.28")/3.44" = 0.92 (approximately 1% per
100 feet)

If the elevation were 2,000', the precipitable water between
1000mb and 2,000'is 0.55"

Elevation Adjustment Factor = (3.44"-0.55")/3.44" = 0.84 (approximately 1% per
100 feet)
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14. Recommendations for Application

14.1 PMP and LIP Applications

PMP values have been computed that provide maximum rainfall amounts for use
in computing the PMF at any location within the ANO basin. The study addressed
several issues that could potentially affect the magnitude of the PMP storm over basin as
compared with HMRs 51 and 55A and the LIP storm over the ANO site location.

Analysis of moisture availability for previously analyzed storms and analysis of
recent extreme storms with up to date state-of-the-science techniques resulted in PMP
values which replace HMRs 51 and 55A and LIP values which replace those in HMR 52.
These represent the most current PMP values that should be used together with the
procedures in HMR 52 and updated PMP design storm parameters to provide PMP
rainfall at any location within the basin.

HMR 52 uses a procedure for locating the largest amounts of rainfall associated
with the PMP storm, such that the largest volume of rain falls within the watershed
boundaries. Because the ANO basin is much larger than the largest HMR 52 design
storm, updated parameters in addition to HMR 52 were evaluated. This included storm
movement recommendations for the PMP design storm.

14.2 Discussion on the Spatial Limits of the PMP Values

The grid system used in this study was designed such that no regions within the
basin required extrapolation of storm data but allowed for interpolation between rainfall
values at grid point or the use of the gridded data within GIS. The grid extended beyond
the geographic boundaries of the basin. The emphasis was to provide the most reliable
and consistent analysis within the geographic region. PMP maps are provided to allow
for PMP values to be extracted for any location in basin. As an option, a user who has
GIS software can use the gridded data to explicitly determine PMP values at any location
within the basin.

For each of the storms analyzed, appropriate transposition grid points were
defined (see Appendix F). After all the storms were analyzed, the largest rainfall values
were determined for each grid point for each duration and area size. These largest values
were enveloped to insure both spatial and temporal continuity.

Once the enveloped values were finalized, lines of constant PMP values were
drawn using GIS interpolation software for each duration and area size. These iso-PMP
lines were extended beyond the basin boundary such that PMP values could be
interpolated at all locations within the basin. Hence, the reason that some iso-PMP lines
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extend beyond the basin boundary is to allow for gradients to be determined between
lines for all locations within the ANO basin.

For regions outside of the basin where extrapolation would be required, the
gradient is uncertain. There are probably regions where the extended lines provide
reasonable PMP values while for other regions, PMP values are less reliable. This study
provides PMP values only for locations within the ANO basin.

14.3 Climate Change Assumptions

AWA recognizes that the climate is in a constant state of change. However, the
current scientific consensus and understanding cannot agree how climate is changing and
more importantly what those changes will be for the region. Therefore, one cannot say
whether the region will be wetter or drier, warmer or colder and/or experience more or
less extreme rainfall events with any quantitative and statistically significant certainty.
Further, most projects of this type have a projected life between 30 to 50 years before
they are redeveloped. In general, most projected changes that may occur within the
Earth’s climate system would be unlikely to significantly affect the project’s hydrology
beyond the bounds of the PMP and/or LIP values derived as part of this project during its
useful life. Based on these discussions, it is apparent that the current practice of PMP
determination should not be modified in an attempt to address potential changes
associated with climate change. This study has continued the practice of assuming no
climate change, as climate trends are not considered when preparing PMP estimates
(WMO, Section 1.1.1).

60



REFERENCES

Bonnin, G.M., Todd, D., Lin, B., Parzybok, T., Yekta, M., and D. Riley, 2006:
Precipitation-Frequency Atlas of the United States, NOAA Atlas 14, Volumes 1
and 2, NOAA, National Weather Service, Silver Spring, Maryland.
http://hdsc.nws.noaa.gov/hdsc/pfds/

Corrigan, P., Fenn, D.D., Kluck, D.R., and J.L. Vogel, 1999: Probable Maximum
Precipitation Estimates for California. Hydrometeorological Report No. 59, U.S.
National Weather Service, National Oceanic and Atmospheric Administration,
U.S. Department of Commerce, Silver Spring, MD, 392 pp.

Corps of Engineers, U.S. Army, 1945-1973: Storm Rainfall in the United States,
Depth-Area-Duration Data. Office of Chief of Engineers, Washington, D.C.

Draxler, R.R. and Rolph, G.D., 2003: HYSPLIT (HYbrid Single-Particle Lagrangian
Integrated Trajectory) Model access via NOAA ARL READY Website

(http://www.arl.noaa.gov/ready/hysplit4.html). NOAA Air Resources Laboratory,
Silver Spring, MD.

Draxler, R.R. and Rolph, G.D., 2010. HYSPLIT (HYbrid Single-Particle Lagrangian
Integrated Trajectory) Model access via NOAA ARL READY Website
(http://ready.arl.noaa.gov/HY SPLIT.php). NOAA Air Resources Laboratory,
Silver Spring, MD.

Environmental Data Service, 1968: Maximum Persisting 12-Hour, 1000mb Dew Points
(°F) Monthly and of Record. Climate Atlas of the United States, Env. Sci. Srv.
Adm., U.S. Dept of Commerce, Washington, D.C., pp 59-60.

Hansen, E.M., Schwarz, F.K., and J.T. Riedel, 1977: Probable Maximum Precipitation
Estimates, Colorado River and Great Basin Drainages. Hydrometeorological
Report No. 49, National Weather Service, National Oceanic and Atmospheric
Administration, U.S. Department of Commerce, Silver Spring, MD, 161 pp.

Hansen, E.M., and F.K. Schwartz, 1981: Meteorology of Important Rainstorms in the
Colorado River and Great Basin Drainages. Hydrometeorological Report No. 50,
National Weather Service, National Oceanic and Atmospheric Administration,
U.S. Department of Commerce, Silver Spring, MD, 167 pp.

Hansen, E.M., Schreiner, L.C., and J.F., Miller, 1982: Application of Probable
Maximum Precipitation Estimates, United States East of the 105™ Meridian,
Hydrometeorological Report Number 52, National weather Service, National
Oceanic and Atmospheric Association, U.S. Dept of Commerce, Silver Spring,
MD, 179 pp.

61


http://hdsc.nws.noaa.gov/hdsc/pfds/

Hansen, E.M., Schwarz, F.K., and J.T. Riedel, 1994: Probable Maximum Precipitation-
Pacific Northwest States, Columbia River (Including portion of Canada), Snake
River, and Pacific Drainages. Hydrometeorological Report No. 57, National
Weather Service, National Oceanic and Atmospheric Administration, U.S.
Department of Commerce, Silver Spring, MD, 353 pp.

Hansen, E.M., Fenn, D.D., Schreiner, L.C., Stodt, R.-W., and J.F., Miller, 1988: Probable
Maximum Precipitation Estimates, United States between the Continental Divide
and the 103" Meridian, Hydrometeorological Report Number 554, National
Weather Service, National Oceanic and Atmospheric Association, U.S. Dept of
Commerce, Silver Spring, MD, 242 pp.

Hershfield, D.M., 1961: Rainfall frequency atlas of the United States for durations from
30 minutes to 24 hours and return periods from 1 to 100 years, Technical Paper
No. 40, U. S. Weather Bureau, Washington, D.C., 61p.

Jennings, A.H., 1952: Maximum 24-hour Precipitation in the United States, Technical
Paper Number 16, U.S. Weather Bureau, U.S. Department of Commerce,
Washington, DC, 284 pp.

Kalnay, E., M. Kanamitsu, R. Kistler, W. Collins, D. Deaven, L. Gandin, M. Iredell, S.
Saha, G. White, J. Woollen, Y. Zhu, A. Leetmaa, R. Reynolds, M. Chelliah, W.
Ebisuzaki, W. Higgins, J. Janowiak, K. Mo, C. Ropelewski, J. Wang, R. Jenne,
and D. Joseph, 1996: The NCEP/NCAR 40-Year Reanalysis Project. Bull. Amer.
Meteor. Soc.,77,437-471.

Kappel, W.D., Tomlinson, E.M., Hultstrand, D.M., and G.A. Muhlestein, August 2012:
Site-Specific Probable Maximum Precipitation Study for the Tarrant Regional
Water District, Prepared for Tarrant Regional Water District, Fort Worth, Texas.

Kappel, W.D., Hultstrand, D.M., Tomlinson, E.M., Muhlestein, G.A., and T.W.
Parzybok, September 2012: Site-Specific Probable Maximum Precipitation
(PMP) Study for the Quad Cities Nuclear Generating Station, Quad Cities, [A.

Kappel, W.D., Hultstrand, D.M., Tomlinson, E.M., Muhlestein, G.A., and T.W.
Parzybok, March 2013: Site-Specific Probable Maximum Precipitation (PMP)
Study for the Indian Point Energy Center, Peekskill, NY.

Kappel, W.D., Hultstrand, D.M., Tomlinson, E.M., Muhlestein, G.A., and T.W.
Parzybok, March 2013: Site-Specific Probable Maximum Precipitation (PMP)
Study for the Vermont Yankee Nuclear Power Plant, Vernon, VT.

Maddox, R.A., 1980: Mesoscale convective complexes. Bull. Amer. Meteor. Soc., 61,
1374-1387.

62



Maddox, R.A., 1981: The structure and lifecycle of midlatitude mesoscale convective
complexes. Ph.D. dissertation, Colorado State University, 171 pp.

Mesinger, F., G. DiMego, E. Kalnay, K. Mitchell, P.C. Shafran, W. Ebisuzaki, D. Jovi¢,
J. Woollen, E. Rogers, E.H. Berbery, M.B. Ek, Y. Fan, R. Grumbine, W. Higgins,
H. Li, Y. Lin, G. Manikin, D. Parrish, and W. Shi, 2006: North American
Regional Reanalysis. Bull. Amer. Meteor. Soc., 87, 343-360.

Miller, J.F., 1964: Two — to ten-day Precipitation for Return Periods of 2 to 100 Years in
the Contiguous United States, Washington, D.C., U.S. Weather Bureau Technical
Paper 49, 29p.

Miller, J.F., Fredrick, R.H., Tracey, R.J., 1973: US Dept of Commerce, NOAA, NWS,
Silver Spring, MD., NOAA Atlas 2, Precipitation Frequency Atlas of the Western
United States.

National Climatic Data Center (NCDC). NCDC TD-3200 and TD-3206 datasets -
Cooperative Summary of the Day.

National Climatic Data Center (NCDC) Heavy Precipitation Page
http://www.ncdc.noaa.gov/oa/climate/severeweather/rainfall. html#maps

National Oceanic and Atmospheric Administration Central Library Data Imaging Project
Daily weather maps,
http://docs.lib.noaa.gov/rescue/dwm/data_rescue daily weather maps.html

Parzybok, T. W., and E. M. Tomlinson, 2006: A New System for Analyzing
Precipitation from Storms, Hydro Review, Vol. XXV, No. 3, 58-65.

PRISM Mapping Methodology, http://www.ocs.oregonstate.edu/prism/index.phtml

Remote Automated Weather Stations RAWS, http://www.raws.dri.edu/index.html

Shands, A.L. and G.N. Brancato, March 1946: Applied Meteorology: Mass Curves of
Rainfall. Hydrometeorological Section, Office of Hydrologic Director.

Tomlinson, E.M., 1993: Probable Maximum Precipitation Study for Michigan and
Wisconsin, Electric Power Research Institute, Palo Alto, Ca, TR-101554, V1.

Tomlinson, E.M., R.A. Williams, and T.W. Parzybok, September 2002: Site-Specific
Probable Maximum Precipitation Study for the Upper and Middle Dams Drainage
Basin, Prepared for FPLE, Lewiston, ME.

Tomlinson, E.M., R.A. Williams, and T.W. Parzybok, September 2003: Site-Specific
Probable Maximum Precipitation (PMP) Study for the Great Sacandaga Lake /

63


http://www.ncdc.noaa.gov/oa/climate/severeweather/rainfall.html#maps
http://docs.lib.noaa.gov/rescue/dwm/data_rescue_daily_weather_maps.html
http://www.ocs.oregonstate.edu/prism/index.phtml
http://www.raws.dri.edu/index.html

Stewarts Bridge Drainage Basin, Prepared for Reliant Energy Corporation,
Liverpool, New York.

Tomlinson, E.M., R.A. Williams, Kappel, W.D., and T.W. Parzybok, September 2003:
Site-Specific Probable Maximum Precipitation (PMP) Study for the Cherry Creek
Drainage Basin, Prepared for the Colorado Water Conservation Board, Denver,
CO.

Tomlinson, E.M., Kappel W.D., Parzybok, T.W., Hultstrand, D.M., Muhlestein, G.A.,
and B. Rappolt, May 2006: Site-Specific Probable Maximum Precipitation
(PMP) Study for the Woodcliff Lake Drainage Basin, Prepared for New Jersey
Dept. of Environmental Protection, New Jersey.

Tomlinson, E.M., Kappel W.D., Parzybok, T.W., Hultstrand, D.M., Muhlestein, G.A.,
and B. Rappolt, May 2008: Site-Specific Probable Maximum Precipitation
(PMP) Study for the Wanahoo Drainage Basin, Prepared for Olsson Associates,
Omaha, Nebraska.

Tomlinson, E.M., Kappel W.D., Parzybok, T.W., Hultstrand, D.M., Muhlestein, G.A.,
and B. Rappolt, June 2008: Site-Specific Probable Maximum Precipitation
(PMP) Study for the Blenheim Gilboa Drainage Basin, Prepared for New York
Power Authority, White Plains, NY.

Tomlinson, E.M., Kappel W.D., and T.W. Parzybok, February 2008: Site-Specific
Probable Maximum Precipitation (PMP) Study for the Magma FRS Drainage
Basin, Prepared for AMEC, Tucson, Arizona.

Tomlinson, E.M., Kappel W.D., Parzybok, T.W., Hultstrand, D.M., Muhlestein, G.A.,
and P. Sutter, December 2008: Statewide Probable Maximum Precipitation
(PMP) Study for the state of Nebraska, Prepared for Nebraska Dam Safety,
Omabha, Nebraska.

Tomlinson, E.M., Kappel, W.D., Muhlestein, G.A., and Tye W. Parzybok, July 2009:
Site-Specific Probable Maximum Precipitation (PMP) Study for the Scoggins
Dam Drainage Basin, Oregon.

Tomlinson, E.M., Kappel, W.D., Muhlestein, G.A., and Tye W. Parzybok, February
2009: Site-Specific Probable Maximum Precipitation (PMP) Study for the
Tuxedo Lake Drainage Basin, New York.

Tomlinson, E.M., Kappel, W.D., Parzybok, T.W., Hultstrand, D.M., Muhlestein, G.A.,

and Tye W. Parzybok, June 2009: Site-Specific Probable Maximum Precipitation
(PMP) Study for the DeForest Lake Drainage Basin, New York.

64



Tomlinson, E.M., Kappel, W.D., Muhlestein, G.A., and Tye W. Parzybok, February
2010: Site-Specific Probable Maximum Precipitation (PMP) Study for the
Magma FRS Drainage Basin, Arizona.

Tomlinson, E.M., Kappel W.D., Parzybok, T.W., Hultstrand, D.M., Muhlestein, G.A.,
March 2011: Site-Specific Probable Maximum Precipitation Study for the
Tarrant Regional Water District, Prepared for Tarrant Regional Water District,
Fort Worth, Texas.

Tomlinson, E.M., Kappel, W.D., Hultstrand, D.M., Muhlestein, G.A., and T. W.
Parzybok, November 2011: Site-Specific Probable Maximum Precipitation
(PMP) Study for the Lewis River basin, Washington State.

Tomlinson, E.M., Kappel, W.D., Hultstrand, D.M., Muhlestein, G.A., and T. W.
Parzybok, December 2011: Site-Specific Probable Maximum Precipitation
(PMP) Study for the Brassua Dam basin, Maine.

Tomlinson, E.M., Kappel, W.D., Hultstrand, D.M., Muhlestein, G.A., S. Lovisone, and T.
W. Parzybok, March 2013: Statewide Probable Maximum Precipitation (PMP)
Study for Ohio.

Tomlinson, E.M., and W.D. Kappel, October 2009: Revisiting PMPs, Hydro Review,
Vol. 28, No. 7, 10-17.

US Army Corps of Engineers, 1973: Hydrologic Engineering Methods For Water
Resources Development, Vol. 4, Hydrograph Analysis, Davis, CA., 160pp.

US Army Corps of Engineers Storm Studies, 1973: Storm Rainfall in the United States
Depth-Area-Duration Data.

US Weather Bureau, 1946: Manual for Depth-Area-Duration analysis of storm
precipitation. Cooperative Studies Technical Paper No. 1, U.S. Department of
Commerce, Weather Bureau, Washington, D.C., 73pp.

US Weather Bureau, 1951: Tables of Precipitable Water and Other Factors for a
Saturated Pseudo-adiabatic Atmosphere, Technical Paper Number 14, US.
Department of Commerce, Washington, DC, 66 pp.

US Weather Bureau, 1956: Seasonal Variation of the Probable Maximum Precipitation
East of the 105th Meridian For Areas From 10 to 1000 Square Miles and
Durations of 6, 12, 24, and 48 Hours, Hydrometeorological Report Number 33,
US. Department of Commerce, Washington, DC, 33 pp.

Weather Underground, http://www.wunderground.com/stationmaps/

65


http://www.wunderground.com/stationmaps/

World Meteorological Organization, 1986: Manual for Estimation of Probable Maximum
Precipitation.

World Meteorological Organization, 2009: Manual for Estimation of Probable Maximum
Precipitation, Operational Hydrology Report No 1045, WMO, Geneva, 259 pp.

66



Appendix A
ANO Probable Maximum Precipitation Maps
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Appendix B

100-year Return Frequency Maximum Average
Dew Point Climatology Maps Used in the Storm
Maximization and Transposition Calculations



&-hour Monthly Dew Point Climatology
January {.:F]

i

B-2



100-year Return Frequency 6-hour Maximum Dew Point Climatology
- February E:F}

i} —= =T -._ _: ;

B-3



100-year Return Frequency 6-hour Maximum Dew Point Climatology
March (‘F)

* ; S
. ——— — |
2000

B-4



100-year Return Frequency 6-hour Maximum Dew Point Climatology




100-year Return Frequency 6-hour Maximum Dew Point Climatology
May (°F)

* ; S
. ——— — |
2000

B-6



100-year Return Frequency 6-hour Maximum Dew Point Climatology

II{'I:' w-

L

B-7



100-year Return Frequency 6-hour Maximum Dew Point Climatology
July (°F)

new

B-8



100-year Return Frequency 6-hour Maximum Dew Point Climatology
August (°F)

o b
v

-

B-9



100-year Return Frequency 6-hour Maximum Dew Point Climatology
September ui *F)

B-10



100-year Return Frequency 6-hour Maximum Dew Point Climatology

B-11



100-year Return Frequency 6-hour Maximum Dew Point Climatology
Movember _fF}

* ; S
. ——— — |
2000

B-12



100-year Return Frequency 6-hour Maximum Dew Point Climatology

December (°F)
i Leicd

i} —= ¥ T -_ _: _.-

B-13



100-vear Retrn Frequency 12-hour Maximum Dew Point Climatology
lanuary {:wF}

v
N; —

B-14



100-vear Retrn Frequency 12-hour Maximum Dew Point Climatology
February E:F}

r{,ii

.'_‘,‘r

B-15



100-year Return Frequency 12-hour Maximum Dew Point Climatology
March (F)

* ; S
. ——— — |
2000

B-16



100-year Return Frequency 12-hour Maximum Dew Point Climatology
Aprl (°F)

* ; S
. ——— — |
2000

B-17



100-year Return Frequency 12-hour Maximum Dew Point Climatology
May (°F)

* ; S
. ——— — |
2000

B-18



100-vear Retrn Frequency 12-hour Maximum Dew Point Climatology

o b

B-19



100-vear Retrn Frequency 12-hour Maximum Dew Point Climatology
July (°F)

B-20



100-vear Retrn Frequency 12-hour Maximum Dew Point Climatology

W w-

T = g

B-21



100-vear Retrn Frequency 1 2-hour Maximum Dew Point Climatology
. September ui *F)

i_ i 0= '.-' = .|-_..
i —— & _:4. -y

e
| = -

T

B-22



100-year Return Frequency 12-hour Maximum Dew Point Climatology

B-23



100-year Return Frequency 12-hour Maximum Dew Point Climatology

B-24



100-vear Retrn Frequency 12-hour Maximum Dew Point Climatology
December J:’F]

i

N A

€

B-25



100-vear Retrn Frequency 2d-hour Maximum Dew Point Climatology
lanuary {:wF}

v
N; —

B-26



100-vear Retrn Frequency 2d-hour Maximum Dew Point Climatology
February E:F}

v
N; —

B-27



100-year Return Frequency 24-hour Maximum Dew Point Climatology

B-28



100-year Return Frequency 24-hour Maximum Dew Point Climatology

B-29



100-vear Retrn Frequency 2d-hour Maximum Dew Point Climatology
June {"ﬂ

il

|5_r_. =

B-30



100-vear Retrn Frequency 2d-hour Maximum Dew Point Climatology
July (°F)

B-31



100-vear Retrn Frequency 2d-hour Maximum Dew Point Climatology

il ug-
E o o
‘?ﬁ -

B-32



100-year Return Frequency 24-hour Maximum Dew Point Climatology
September 'i“F]

* ; S
. ——— — |
2000

B-33



100-year Return Frequency 24-hour Maximum Dew Point Climatology

B-34



100-year Return Frequency 24-hour Maximum Dew Point Climatology
Movember _fF}

* ; S
. ——— — |
2000

B-35



100-vear Retrn Frequency 2d-hour Maximum Dew Point Climatology
December J:-:F]

II{'I:' w-

B-36



Appendix C

Procedure for using Dew Point Temperatures for
Storm Maximization and Transposition



Maximum dew point temperatures (hereafter referred to as dew points) have
historically been used for two primary purposes in the PMP computation process:

1. Increase the observed rainfall amounts to a maximum value based on a
potential increase in atmospheric moisture available to the storm.

2. Adjust the available atmospheric moisture to account for any increases or
decreases associated with the maximized storm potentially occurring at
another location within the transposition limits for that storm.

HMR and WMO procedures for storm maximization use a representative storm
dew point as the parameter to represent available moisture to a storm. Prior to the mid-
1980s, maps of maximum dew point values from the Climatic Atlas of the United States,
Environmental Data Services, Department of Commerce (1968), were the source for
maximum dew point values. HMR 55 published in 1984 updated maximum dew point
values for a portion of the United States from the Continental Divide eastward into the
central plains. A regional PMP study for Michigan and Wisconsin produced return
frequency maps using the L-moments method (Tomlinson 1993). The Review
Committee for that study included representatives from NWS, FERC, Bureau of
Reclamation, and others. They agreed that the 50-year return frequency values were
appropriate for use in PMP calculations. HMR 57 was published in 1994 and HMR 59 in
1999. These latest NWS publications also update the maximum dew point climatology
but use maximum observed dew points instead of return frequency values. For this study,
the 100-year return frequency dew point climatology maps were appropriate because this
added a layer of conservatism and the extra 17 years of data available since the EPRI and
Nebraska studies allow the 100-year return frequency to be more reliable. Storm
precipitation amounts are maximized using the ratio of precipitable water for the
maximum observed dew point to precipitable water for the storm representative dew
point, assuming a vertically saturated atmosphere. This procedure was followed in this
study using the updated maximum dew point climatology developed during recent and
ongoing PMP studies. The climatological maximum 100-year return frequency maps for
the 6-, 12-, and 24-hour durations are giving in Appendix B.

The procedure for determining a storm representative dew point begins with the
determination of the inflow wind vector (direction and magnitude) for the air mass that
contains the atmospheric moisture available to the storm. Beginning and ending times of
the rainfall event at locations of the most extreme rainfall amounts are determined using
rainfall mass curves from those locations.

The storm inflow wind vector is determined using available wind data. The
inflow wind vector has historically been determined using winds reported by weather
stations, together with upper air winds, when available. Recently, re-analyzed weather
model data representing various atmospheric parameters including wind direction and
speed in the atmosphere have become available for use from the HYSPLIT trajectory
model and the North American Reanalysis Project (Kalnay et al 1996). These analyses
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are available back to 1948. Use of these wind fields in the lower portion of the
atmosphere provides much improved reliability in the determination of the storm inflow
wind vectors. The program is available through an online interface through the Air
Resources Laboratory section of NOAA. Users are able to enter in specific parameters
that then produce a trajectory from a starting point going backwards (or forwards) for a
specified amount of time. Users can define variables such as the starting point (using
latitude and longitude or a map interface), the date and time to start the trajectory, the
length of time to run the trajectory, and the pressure level at which to delineate the inflow
vector. Figure C.0 shows example inflow vectors generated by HYSPLIT at three levels:
700mb, 850mb, and surface for an example storm event. The data generated from the
HYSPLIT runs is then used in conjunction with standard methods to help delineate the
source region of the air mass responsible for the storm precipitation. Also, this serves as
another tool to determine from which weather stations to derive hourly dew point data for
storm representative dew point analysis.
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at 3866 N 96.49 W

Source *

hPa

NOAA HYSPLIT MODEL
Backward trajectories ending at 1200 UTC 11 Jul 51
CDC1 Meteorological Data

\I -“'hl,
—f\.‘ﬁ )
)
L

650

700 700

750

800

850 850

323

966 T T % G0

06 UID 18 12 06 UID 18 12 06 UID 18 12
0711 0710 07/09

This is not a NOAA product. It was produced by a web user.

Job |1D: 351702 Job Start: Tue Jun 5 14:03:56 UTC 2012
Source 1 lat.: 38.66 lon.: -96.49 hgts: 0, 1100, 2740 m AGL

Trajectory Direction: Backward uration: 72 hrs

Vertical Motion Calculation Method: Model Vertical Velocity

Meteorology: 0000Z 01 Jul 2051 - reanalysis

Figure C.0 HYSPLIT trajectory model results for Council Grove, KS, July 1951 storm

(AWA 18).

The inflow wind vector is followed upwind until a location is reached that is

outside of the storm rainfall. The nearest weather stations that report dew point values
are identified. At least two stations are desired but a single station with reliable dew
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points observations can be used. The time period used to identify the appropriate dew
point values is determined by computing the time required for the air mass to be
transported from the location of the weather station(s) to the location of maximum
rainfall. The start time of the extreme rainfall is then adjusted back in time to account for
transit time from the dew point observing station(s) to the maximum rainfall location.

For example, consider the following case:

1. Rainfall begins at 11:00am and ends at 6:00pm the following day at the
location of maximum rainfall,

2. The storm representative dew point location (the location of the weather
stations observing the dew points) is 100 miles from the maximum rainfall location in the
direction of the inflow wind vector, and

3. The inflow wind speed is 20 mph.

The transit time for the air mass from the weather stations to the maximum
rainfall location is five hours (100 miles divided by 20 mph). The time to begin using the
dew point observations is five hours before the rainfall began (11:00am minus 5 hours =
6:00am) and the time to stop using the dew point observations is five hours before the
rainfall ended (6:00pm minus 5 hours = 1:00pm the following day). Dew point
observations taken between these times are used to determine the storm representative
average 24-hour 1000mb dew point value. The storm representative dew point location
can come from a single location if only one station is used or from a location between the
reporting weather stations if more than one station is used. The vector connecting this
location and the location of maximum rainfall becomes the wind inflow vector used for
storm transpositioning.

The storm representative dew point determined from the hourly dew point
observations needs to be corrected to the 1000mb level. The elevation of the storm
representative dew point location is used in this correction. The correction factor of 2.4°F
per 1,000 feet of elevation is used. This is the same correction factor used in the Climatic
Atlas of the United States (Environmental Data Services, Department of Commerce,
1968). For example, a storm representative dew point of 72°F at a station location with
an elevation of 800 feet above sea level is corrected with a factor of 800 X 2.4 /1000 =
1.9°F. The dew point value corrected to 1000mb (sea level) is 72°F + 1.9°F = 74°F after
rounding.

The procedure that computes the in-place maximized rainfall for a storm provides
an estimate of the maximum amount of rainfall that could have been produced by the
same storm at the same location if the maximum amount of atmospheric moisture had
been available. This procedure requires that a maximum value for the storm
representative dew point be determined. The maximum dew point value is selected at the
same location where the storm dew point was determined using a maximum dew point
climatology. The maximum dew point values must be corrected to 1000mb. The
precipitable water in the atmosphere is determined using the storm representative and
maximum dew point values. Precipitable water is defined in this study as the total



amount of moisture in a column of the atmosphere from sea level to 30,000 feet assuming
a vertically saturated atmosphere. Values of atmospheric precipitable water are
determined using the moist pseudo-adiabatic assumption, i.e. assume that for the given
1000mb dew point value, the atmosphere holds the maximum amount of moisture
possible. The ratio of the precipitable water associated with the maximum 1000mb dew
point to the precipitable water associated with the 1000-mb storm representative dew
point is the maximization factor.

For example, consider the following case:

1000mb storm representative dew point: 72°F
1000mb maximum dew point: 76°F
Precipitable water associated with a 1000mb dew point of 72°F: 2.47”
Precipitable water associated with a 1000mb dew point of 76°F: 2.99”

Maximization factor: PW(76°F)/PW(72°F) = 2.99%/2.47” = 1.21

For transpositioning, the storm inflow vector (determined by connecting the storm
representative dew point location with the location of maximum rainfall) is moved to the
basin location being studied. The new location of the upwind end of the vector is
determined. The maximum dew point associated with that location is then selected using
the same maximum dew point climatology map used for in-place maximization. The
transpositioning factor is the ratio of the precipitable water associated with the maximum
1000mb dew point value at the transpositioned location to the precipitable water
associated with the maximum 1000mb dew point for the storm representative dew point
location.

An example is provided.

1000mb maximum dew point at the storm representative dew point location: 76°F
1000mb maximum dew point at the transpositioned location: 74°F
Precipitable water associated with a 1000mb dew point of 76°F: 2.99¢
Precipitable water associated with a 1000mb dew point of 74°F: 2.73%

Transposition factor: PW(74°F)/PW(76°F) = 2.73/2.99” = 0.91



Appendix D

Procedure for Deriving PMP Values from Storm
Depth-Area-Duration (DAD) Analyses



Although PMP rainfall amounts are theoretical values, there currently is no
theoretical method for determining the values. The accepted procedure for determining
PMP values begins with the identification of the largest identified historic observed
rainfall amounts in the region and applies the following procedures:

1. Increase the rainfall amounts to some maximized value (in-place
maximization),

2. Adjust the "maximized" rainfall amounts to the potential situation where the
historic storm occurs over the basin being studied (transposition),

3. Adjust the "maximized transpositioned" rainfall amounts for elevation
changes or intervening topographic barriers which could potentially affect the storm
moisture and subsequently the rainfall amounts for the "maximized transpositioned"
storm (barrier adjustment).

The procedure begins with the Depth-Area-Duration (DAD) analysis from the
largest of the identified storms that have occurred over regions that are climatologically
and topographically similar to the area being studied. Identification of the largest rainfall
events is relatively straight forward and is accomplished by identifying the largest station
rainfall amounts and correlating the dates among adjacent stations to identify the areal
extent of the heavy rainfall and the storm period. The DAD for each storm is computed
using isohyetal analyses for each hour during the storm and determining the largest
rainfall totals for each duration of interest over each area size of interest. HMR 51 uses
temporal periods of 6-, 12-, 24-, 48- and 72- hours. Standard area sizes of 10-, 200-,
1,000-, 5,000-, 10,000- and 20,000-square miles area used. Other durations and area
sizes can also be used in the DAD analysis as desired. In this study, area sizes of 50,000-
and 100,000-square miles were analyzed in addition to the standard area sizes.

The US Army Corps of Engineers, the Bureau of Reclamation and the National
Weather Service have performed storm studies and produced DADs for many storms.
This study reviewed additional weather station data to identify extreme rainfall storms
that had not been identified and studied previously. The new storms identified primarily
occurred since the publication of HMRs 51 and 55A, but additional storms that occurred
prior to HMR publication were also identified. DADs that had been previously
developed are used in this report. Newly identified storms are analyzed in this study, and
DADs are developed for these storms. These DADs quantify the rainfall associated with
each storm event, providing the largest rainfall amounts for each of the durations and area
sizes used in this study.

Identification of storms that can be transpositioned to the ANO basin is largely
based on subjective judgments. For a storm to be transpositionable, it should have
occurred over a region that is climatologically and topographically similar to the basin
being studied. Storms generally should not be transpositioned across significant
topographic features or into different climate regions. The largest rainfall events
identified in the storm search generally occurred over locations closer to the Gulf of
Mexico with moisture moving in from the south and north. These storms occurred in



similar meteorological, climatological, and topographical settings. Therefore, it is
assumed that the same moisture sources and dynamics that produced these events could
have produced a similar storm over the basin.

Maximization of the storm DADs involves deriving the in-place and transposition
factors to adjust the observed rainfall to look like it would have occurred had the storm
been located over the basin. This accounts for the three factors which could affect a
particular storm as it's moved from its original location to the ANO basin; the storm
could have been some amount bigger in-place had more moisture been available, the
storm would have had more or less moisture available to it versus where it originally
occurred based on it being moved toward or away from its moisture source, and the storm
would have occurred at a lower or higher elevation than its original location.

For this study, all computations associated with historic storms are computed at
the 1000mb level (approximately sea level). The elevation of the location where the
largest rainfall was observed is used as the storm elevation. An adjustment is applied to
the storm moisture to account for the elevation of the storm above sea level. For
example, if the maximum rainfall occurred at an elevation of 500 feet, the total
atmospheric moisture (500 to 30,000 feet) is decreased by the amount of moisture
associated with the storm representative dew point between sea level and 500 feet. The
adjustment factor uses precipitable water contained in the moisture maximized
atmosphere above the storm elevation, i.e., the moisture contained in the entire depth of
the moisture maximized atmosphere, minus the moisture contained in the moisture
maximized atmosphere below the storm elevation. An adjustment was made to account
for the storm’s elevation (either higher or lower than the particular grid point basin
centroid elevation) and the amount of precipitable water that would be available, more if
the elevation was lower and less if the elevation was higher. This elevation adjustment
factor is determined by computing the ratio of precipitable water in the moisture
maximized atmosphere above the elevation to the precipitable water in the entire depth of
the moisture maximized atmosphere.

The equations for the computation of the in-place maximization factor,
transposition and elevation adjustment factors are as follows:

In-place maximization factor =
(storm representative maximum dew point PW — in-place storm elevation maximum dew
point PW) / (storm representative dew point PW — in-place storm elevation representative
dew point PW)

Transpositioned/elevation to basin factor =
(transpositioned maximum dew point PW — average basin elevation maximum dew point
PW)/(storm representative maximum dew point PW — in-place storm elevation
representative dew point PW)
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Multiplication of these terms leads to a simplified computation where all the
required adjustments are combined in a single equation.

Total adjustment factor =
(in-place max factor) * (transpositioned/elevation to basin factor) * (barrier/elevation
adjustment factor)

The total adjustment factor modifies the storm DAD by a factor using two
computed values:

1) The maximum atmospheric moisture available to a historic storm if it were to
occur over the study basin. This air mass is assumed to contain the maximum amount of
atmospheric moisture for the basin location and is adjusted for elevation upwind of the
basin and within the basin.

2) The atmospheric moisture available for the historic storm at the location and
elevation where it occurred.

The total adjustment factor is applied as a linear multiplier for all rainfall amounts
in the storm DAD.

As an example, the DAD from the Warner Park, TN SPAS 1208 AWA Storm
Number 2W storm center is maximized, transpositioned, and elevation/barrier adjusted to
the basin centroid. The following are values for the parameters used in computing the
adjustments:

Storm representative Td: 75.0°F
In-place maximum Td: 76.5° F
Transpositioned maximum Td: 74.0° F
Storm elevation: 600’
Average basin elevation: 1,150°
Total atmospheric precipitable water for 75.0° F: 2.85"
Total atmospheric precipitable water for 76.5° F: 3.07"
Total atmospheric precipitable water for 74.0° F: 2.73"
Adjustment for storm elevation, 1000mb to 600' at 75.0°F: 0.15"
Adjustment for storm elevation, 1000mb to 600' at 76.5°F: 0.16"
Adjustment for ave basin elevation, 1000mb to 1,150' at 74.0°F: 0.28"
Adjustment for inflow barrier elevation, 1000mb to 1150' at 74.0°F: 0.28"

Total adjustment factor =
(in-place max factor) * (transpositioned to basin factor) * (elevation/barrier adjustment
factor)

= ((3.07"-0.16") / (2.85" - 0.15")) * ((2.73" - 0.28") / (3.07" - 0.16")) * ((2.73" - 0.28") /
(2.73" - 0.28")) = (1.08) * (0.84) * (1.00) = 0.91



To explicitly show how each adjustment factor (in-place maximization,
transposition and elevation/barrier adjustment) affects the total adjustment, separate
computation are provided.

In-place maximization factor

Storm representative dew point: 75.0°F
In-place maximum dew point: 76.5° F
Storm atmospheric precipitable water for 75.0° F: 2.85"
Maximum atmospheric precipitable water for 76.5° F: 3.07"
Adjustment for storm elevation, 1000mb to 600" at 75.0°F: 0.15"
Adjustment for storm elevation, 1000mb to 600' at 76.5°F: 0.16"

In-place maximization factor =
(storm representative maximum dew point PW — in place storm elevation maximum
PW)/(storm representative dew point PW — in place storm elevation maximum dew point
PW)
=(3.07"-0.16) / (2.85" - 0.157)

=2917/2.70”
=1.08
Transposition factor
In-place maximum dew point 76.5°F
Transpositioned maximum dew point 74.0° F
Maximum atmospheric precipitable water for 82.0° F: 3.07”
Maximum atmospheric precipitable water for 80.5° F: 2.73”
Adjustment for storm elevation, 1000mb to 600' at 76.0°F: 0.16"
Adjustment for storm elevation, 1000mb to 1,150' at 74.0°F: 0.28"

Transposition factor =
(transpositioned maximum dew point PW — basin elevation maximum dew point
PW)/(storm representative maximum dew point PW — in place storm elevation maximum
dew point PW)
=(2.73"-0.28")/(3.07" - 0.16”)
=245"/291”
=0.84

Moisture inflow barrier adjustment factor
For this study there were no intervening barriers that would deplete
moisture before reaching any of the grid points or basin centroid. Therefore, in all cases
this factor was equal to 1.00.

Total adjustment factor = (In-Place maximization) X (Transposition) X (Barrier
Adjustment/Storm elevation)



=1.08 *0.84 * 1.00
=091

This is the same total adjustment computed earlier (within round-off error) using
the single equation to compute the total adjustment factor.

Since these procedures involve linear multiplication, Excel spreadsheets can be
used to incorporate the storm DAD and apply the factors to compute the total adjusted
DAD. Each storm spreadsheet and all the data used for the calculations are presented for
the PMP storms in Appendix F and the LIP storm list in Appendix G

Once the total adjustment factors are applied to all of the storms being considered,
rainfall amounts from largest storms are plotted on a log-linear plot with rainfall depth
plotted on the linear scale and area size plotted on the log scale. A separate graph is
constructed for each duration period, e.g. 6-hour, 12-hour, etc. The graphs provide
curves of the transpositioned maximized adjusted storm rainfall amounts for all area
sizes. These DA curves represent the maximum rainfall potential based on standard
procedure modifications of the largest observed historic storms in the region surrounding
the basins. An enveloping curve is drawn using the largest rainfall values. All of the
plotted rainfall amounts either lie on the enveloping curve or below it. The exception is
in the case where there is reason to suspect that a value is larger than is reasonable and
that rainfall value may be undercut, i.e. the envelop curve should be drawn beneath the
value. Undercutting should rarely be done and each case needs to be justified. No
undercutting was done in this study. In general, the enveloping curve should provide a
smooth transition among the maximum rainfall values for various area sizes. This
process of enveloping DA plots provides continuity in space for the rainfall amounts
among various area sizes.

After enveloping curves are completed for each of the duration periods, DD
curves are plotted on a linear-linear graph, with duration on one axis and depth on the
other. Since there is only a single curve for each area size from the enveloped DA plots,
all of DA curves can be plotted as a family of curves on a single graph. Enveloping of
curves is completed for each area size. The enveloping curve should provide a smooth
transition among the maximum rainfall values for various durations. This procedure of
enveloping DD plots provides continuity in time for the rainfall amounts among various
durations.

The final envelopment curves provide the maximum rainfall amounts that

represent PMP values for each particular grid point. Rainfall amounts for each area size
and each duration are taken from the curves and used to construct the PMP DAD table.
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Appendix E

Storm Precipitation Analysis System (SPAS)
Description



INTRODUCTION

The Storm Precipitation Analysis System (SPAS) is grounded on years of scientific
research with a demonstrated reliability in hundreds of post-storm precipitation analyses.
It has evolved into a trusted hydrometeorological tool that provides accurate precipitation
data at a high spatial and temporal resolution for use in a variety of sensitive hydrologic
applications (Faulkner et al 2004, Tomlinson et al 2003-2012). Applied Weather
Associates, LLC and METSTAT, Inc. initially developed SPAS in 2002 for use in
producing Depth-Area-Duration values for Probable Maximum Precipitator (PMP)
analyses. SPAS utilizes precipitation gauge data, “basemaps” and radar data (when
available) to produce gridded precipitation at time intervals as short as 5-minutes, at
spatial scales as fine as 1 km? and in a variety of customizable formats. To date (April
2012) SPAS has been used to analyze over 230 storm centers across all types of terrain,
among highly varied meteorological settings and some occurring over 100-years ago.

SPAS output has many applications including, but not limited to: hydrologic model
calibration/validation, flood event reconstruction, storm water runoff analysis, forensic
cases and PMP studies. Detailed SPAS-computed precipitation data allow hydrologists
to accurately model runoff from basins, particularly when the precipitation is unevenly
distributed over the drainage basin or when rain gauge data is limited or not available.
The increased spatial and temporal accuracy of precipitation estimates has eliminated the
need for commonly made assumptions about precipitation characteristics (such as
uniform precipitation over a watershed), thereby greatly improving the precision and
reliability of hydrologic analyses.

In order to instill consistency in SPAS analyses, many of the core methods have remained
consistent from beginning. However, SPAS is constantly evolving and improving
through new scientific advancements and as new data and improvements are
incorporated. This write-up describes the current inter-workings of SPAS, but the reader
should realize SPAS can be customized on a case-by-case basis to account for special
circumstances; these adaptations are documented and included in the deliverables. The
over arching goal of SPAS is to combine the strengths of rain gauge data and radar data
(when available) to provide sound, reliable and accurate spatial precipitation data.

Hourly precipitation observations are generally limited to a small number of locations,
with many basins lacking observational precipitation data entirely. Meanwhile Next
Generation Radar (NEXRAD) data provides valuable spatial and temporal information
over data-sparse basins, it has historically lacked reliability for determining precipitation
rates and reliable quantitative precipitation estimates (QPE). The improved reliability in
SPAS is made possible by hourly calibration of the NEXRAD radar-precipitation
relationship, combined with local hourly bias adjustments to force consistency between
the final result and “ground truth” precipitation measurements. If NEXRAD radar data is
available (generally for storm events since the mid-1990's), precipitation at temporal
scales as frequent as 5-minutes is available, otherwise the precipitation data is available
hourly. A summary of the general SPAS processes are shown in flow chart in Figure E.O.
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Figure E.0 SPAS flow chart.
SETUP

Prior to a SPAS analysis careful definition of the storm analysis domain and time frame
to be analyzed is established. Several considerations are made to ensure the domain
(longitude-latitude box) and time frame are sufficient for the given application.

SPAS Analysis Domain

For PMP applications it is important to establish an analysis domain that completely
encompasses a storm center, meanwhile hydrologic modeling applications are more
concerned about a specific basin, watershed or catchment. If radar data is available, then
it is also important to establish an area large enough to encompass enough stations
(minimum of ~30) to adequately derive reliable radar-precipitation intensity relationships



(discussed later). The domain is defined by evaluating existing documentation on the
storm as well as plotting and evaluating initial precipitation gauge data on a map. The
analysis domain is defined to include as many hourly recording gauges as possible given
their importance in timing. The domain must include enough of a buffer to accurately
model the nested domain of interest. The domain is defined as a longitude-latitude
(upper left and lower right corner) rectangular region.

SPAS Analysis Time Frame

Ideally, the analysis time frame, also referred to as the Storm Precipitation Period (SPP),
will extend from a dry period through the target wet period then back into another dry
period. This is to ensure that total storm precipitation amounts can be confidently
associated with the storm in question and not contaminated by adjacent wet periods. If
this is not possible, a reasonable time period is selected that is bounded by relatively
lighter precipitation. The time frame of the hourly data must be sufficient to capture the
full range of daily gauge observational periods in order for the daily observations to be
disaggregated into estimated incremental hourly values (discussed later). For example, if
a daily gauge takes observations at 8:00 AM, then the hourly data must be available from
8:00 AM the day prior. Given the configuration of SPAS, the minimum SPP is 72 hours
and aligns midnight to midnight.

The core precipitation period (CPP) is a sub-set of the SPP and represents the time period
with the most precipitation and the greatest number of reporting gauges. The CPP
represents the time period of interest and where our confidence in the results is highest.

DATA

The foundation of a SPAS analysis is the “ground truth” precipitation measurements. In
fact, the level of effort involved in “data mining” and quality control represent over half
of the total level of effort needed to conduct a complete storm analysis. SPAS operates
with three primary data sets: precipitation gauge data, a “basemap” and, if available,
radar data. Table E.O conveys the variety of precipitation gauges usable by SPAS. For
each gauge, the following elements are gathered, entered and archived into to SPAS
database:

Station ID

Station name

Station type (H=hourly, D=Daily, S=Supplemental, etc.)

Longitude in decimal degrees

Latitude in decimal degrees

Elevation in feet above MSL

Observed precipitation

Observation times

Source

If unofficial, the measurement equipment and/or method is also noted.



Based on the SPP and analysis domain, hourly and daily precipitation gauge data are
extracted from our in-house database as well as the Meteorological Assimilation Data
Ingest System (MADIS). Our in-house database is contains data dating back to the late
1800s, while the MADIS system (described below) contains archived data back to 2002.

Hourly Precipitation Data

Our hourly precipitation database is largely comprised of data from NCDC TD-3240, but
also precipitation data from other mesnonets and meteorological networks (e.g. ALERT,
Flood Control Districts, etc.) that we have collected and archived as part of previous
studies. Meanwhile, MADIS provides data from a large number of networks across the
U.S., including NOAA’s HADS (Hydrometeorological Automated Data System),
numerous mesonets, the Citizen Weather Observers Program (CWOP), departments of
transportation, etc. (see http://madis.noaa.gov/mesonet providers.html for a list of
providers). Although our automatic data extraction is fast, cost-effective and efficient, it
never captures all of the available precipitation data for a storm event. For this reason, a
thorough “data mining” effort is undertaken to acquire all available data from sources
such as U.S. Geological Survey (USGS), Remote Automated Weather Stations (RAWS),
Community Collaborative Rain, Hail & Snow Network (CoCoRaHS), National
Atmospheric Deposition Program (NADP), Clean Air Status and Trends Network
(CASTNET), local observer networks, Climate Reference Network (CRN), Global
Summary of the Day (GSD) and Soil Climate Analysis Network (SCAN). Unofficial
hourly precipitation are gathered to give guidance on either timing or magnitude in areas
otherwise void of precipitation data. The WeatherUnderground and MesoWest, two of
the largest weather databases on the Internet, contain a good deal of official data, but also
unofficial gauges.

Table E.0 Different precipitation gauge types used by SPAS.

Precipitation Gauge Type Description

Hourly Hourly gauges with complete, or nearly
complete, incremental hourly precipitation
data.

Hourly estimated Hourly gauges with some estimated hourly

values, but otherwise reliable.

Hourly pseudo Hourly gauges with reliable temporal
precipitation data, but the magnitude is
questionable in relation to co-located daily
or supplemental gauge.

Daily Daily gauge with complete data and known
observation times.



http://madis.noaa.gov/mesonet_providers.html

Daily estimated Daily gauges with some or all estimated
data.

Supplemental Gauges with unknown or irregular
observation times, but reliable total storm
precipitation data. (E.g. public reports,
storms reports, “Bucket surveys”, etc.)

Supplemental estimated Gauges with estimated total storm
precipitation values based on other
information (e.g. newspaper articles,
stream flow discharge, inferences from
nearby gauges, pre-existing

total storm isohyetal maps, etc.)

Daily Precipitation Data

Our daily database is largely based on NCDC’s TD-3206 (pre-1948) and TD-3200 (1948
through present) as well as SNOTEL data from NRCS. Since the late 1990s, the
CoCoRaHS network of more than 15,000 observes in the U.S. has become a very
important daily precipitation source. Other daily data is gathered from similar, but
smaller gauge networks, for instance the High Spatial Density Precipitation Network in
Minnesota.

As part of the daily data extraction process, the time of observation, as indicted in
database (if available), accompanies each measured precipitation value. Accurate
observation times are necessary for SPAS to disaggregate the daily precipitation into
estimated incremental values (discussed later). Knowing the observation time also allows
SPAS to maintain precipitation amounts within given time bounds, thereby retaining
known precipitation intensities. Given the importance of observation times, efforts are
taken to insure the observation times are accurate. Hardcopy reports of “Climatological
Data,” scanned observational forms (available on-line) and/or gauge metadata forms have
proven to be valuable and accurate resources for validating observation times.
Furthermore, erroneous observation times are identified in the mass-curve quality-control
procedure (discussed later) and can be corrected at that point in the process.

Supplemental Precipitation Gauge Data

For gauges with unknown or irregular observation times, the gauge is considered a
“supplemental” gauge. A supplemental gauge can either be added to the storm database
with a storm total and the associated SPP as the temporal bounds or as a gauge with the
known, but irregular observation times and associated precipitation amounts. For
instance, if all that is known is 3” fell between 0800-0900, then that information can be
entered. Gauges or reports with nothing more than a storm total are often abundant, but
in order to use them, it is important the precipitation is only from the storm period in
question. Therefore, it is ideal to have the analysis time frame bounded by dry periods.




Perhaps the most important source of data, if available, is from “bucket surveys,” which
provide comprehensive lists of precipitation measurements collected during a post-storm
field exercise. Although some bucket survey amounts are not from conventional
precipitation gauges, they provide important information, especially in areas lacking data.
Particularly for PMP-storm analysis applications, it is customary to accept extreme, but
valid non-measured precipitation values in order to capture the highest precipitation
values.

Basemap

“Basemaps” are independent grids of spatially distributed weather or climate variables
that are used to govern the spatial patterns of the hourly precipitation. The basemap also
governs the spatial resolution of the final SPAS grids, unless radar data is available/used
to govern the spatial resolution. Note that a base map is not required as the hourly
precipitation patterns can be based on a station characteristics and an inverse distance
weighting technique (discussed later). Basemaps in complex terrain are often based on
the PRISM mean monthly precipitation (Figure E.la) or Hydrometeorological Design
Studies Center precipitation frequency grids (Figure E.1b) given they resolve orographic
enhancement areas and micro-climates at a spatial resolution of 30-seconds (about 800
m). Basemaps of this nature in flat terrain are not as effective given the small terrain
forced precipitation gradients. Therefore, basemaps for SPAS analyses in flat terrain are
often developed from pre-existing (hand-drawn) isohyetal patterns (Figure E.lc),
composite radar imagery or a blend of both.
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a)
Figure E.1 Sample SPAS “basemaps:” (a) A pre-existing (USGS) isohyetal pattern

across flat terrain (SPAS 1209), (b) PRISM mean monthly (October) precipitation (SPAS
1192) and (c) A 100-year 24-hour precipitation grid from NOAA Atlas 14 (SPAS 1138).

Radar Data
For storms occurring since approximately the mid-1990's, weather radar data is available

to supplement the SPAS analysis. A fundamental requirement for high quality radar-
estimated precipitation is a high quality radar mosaic, which is a seamless collection of



concurrent weather radar data from individual radar sites, however in some cases a single
radar is sufficient (i.e. for a small area size storm event such as a thunderstorm). Weather
radar data has been in use by meteorologists since the 1960’s to estimate precipitation
depths, but it was not until the early 1990’s that new, more accurate NEXRAD Doppler
radar (WSR88D) was placed into service across the United States. Currently efforts are
underway to convert the WSR88D radars to dual polarization (DualPol) radar. Today,
NEXRAD radar coverage of the contiguous United States is comprised of 159
operational sites and 30 in Canada. Each U.S. radar covers an approximate 285 mile (460
km) radial extent and while Canadian radars have approximately 256 km (138 nautical
miles) radial extent over which the radar can detect precipitation. (see Figure E.2) The
primary vendor of NEXRAD weather radar data for SPAS is Weather Decision
Technologies, Inc. (WDT), who accesses, mosaics, archives and quality-controls
NEXRAD radar data from NOAA and Environment Canada. SPAS utilizes Level II
NEXRAD radar reflectivity data in units of dBZ, available every 5-minutes in the U.S.
and 10-minutes in Canada.

NEXRAD Coverage Below 10,000 Feet AGL
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Figure E.2 U.S. radar locations and their radial extents of coverage below 10,000 feet
above ground level (AGL). Each U.S. radar covers an approximate 285 mile radial
extent over which the radar can detect precipitation.



The WDT and National Severe Storms Lab (NSSL) Radar Data Quality Control
Algorithm (RDQC) removes non-precipitation artifacts from base Level-II radar data and
remaps the data from polar coordinates to a Cartesian (latitude/longitude) grid. Non-
precipitation artifacts include ground clutter, bright banding, sea clutter, anomalous
propagation, sun strobes, clear air returns, chaff, biological targets, electronic interference
and hardware test patterns. The RDQC algorithm uses sophisticated data processing and a
Quality Control Neural Network (QCNN) to delineate the precipitation echoes caused by
radar artifacts (Lakshmanan and Valente 2004). Beam blockages due to terrain are
mitigated by using 30 meter DEM data to compute and then discard data from a radar
beam that clears the ground by less than 50 meters and incurs more than 50% power
blockage. A clear-air echo removal scheme is applied to radars in clear-air mode when
there is no precipitation reported from observation gauges within the vicinity of the radar.
In areas of radar coverage overlap, a distance weighting scheme is applied to assign
reflectivity to each grid cell, for multiple vertical levels. This scheme is applied to data
from the nearest radar that is unblocked by terrain.

Once the data from individual radars have passed through the RDQC, they are merged to
create a seamless mosaic for the United States and southern Canada as shown in Figure
E.3. A multi-sensor quality control can be applied by post-processing the mosaic to
remove any remaining “false echoes”. This technique uses observations of infra-red cloud
top temperatures by GOES satellite and surface temperature to create a precipitation/no-
precipitation mask. Figure 4 shows the impact of WDT’s quality control measures.
Upon completing all QC, WDT converts the radar data from its native polar coordinate
projection (1 degree x 1.0 km) into a longitude-latitude Cartesian grid (based on the
WGS84 datum), at a spatial resolution of ~1/3"-square mile for processing in SPAS.

Figure E.3 (a) Level-II radar mosaic of CONUS radar with no quality control, (b) WDT
quality controlled Level-II radar mosaic.



SPAS conducts further QC on the radar mosaic by infilling areas contaminated by beam
blockages. Beam blocked areas are objectively determined by evaluating total storm
reflectivity grid which naturally amplifies areas of the SPAS analysis domain suffering
from beam blockage as shown in Figure E.4.

-~

Figure E.4 Illustration of SPAS-beam blockage infilling where (a) is raw, blocked radar
and (b) is filled for a 42-hour storm event.

METHODOLOGY
Daily and Supplemental Precipitation to Hourly

To obtain one hour temporal resolutions and utilize all gauge data, it is necessary to
disaggregate the daily and supplemental precipitation observations into estimated hourly
amounts. This process has traditionally been accomplished by distributing (temporally)
the precipitation at each daily/supplemental gauge in accordance to a single nearby
hourly gauge (Thiessen polygon approach). However, this may introduce biases and not
correctly represent hourly precipitation at daily/supplemental gauges situated in-between
hourly gauges. Instead, SPAS uses a spatial approach by which the estimated hourly
precipitation at each daily and supplemental gauge is governed by a distance weighted
algorithm of all nearby true hourly gauges.

In order to disaggregate (i.e. distribute) daily/supplemental gauge data into estimate
hourly values, the true hourly gauge data is first evaluated and quality controlled using
synoptic maps, nearby gauges, orographic effects, gauge history and other documentation
on the storm. Any problems with the hourly data are resolved, and when
possible/necessary accumulated hourly values are distributed. If an hourly value is
missing, the analyst can choose to either estimate it or leave it missing for SPAS to
estimate later based on nearby hourly gauges. At this point in the process, pseudo
(hourly) gauges can be added to represent precipitation timing in topographically
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complex locations, areas with limited/no hourly data or to capture localized convention.
In order to adequately capture the temporal variations of the precipitation a pseudo hourly
gauge is sometimes necessary. A pseudo gauge is created by distributing the
precipitation at a co-located daily gauge or by creating a completely new pseudo gauge
from other information such as inferences from COOP observation forms, METAR
visibility data (if hourly precipitation isn’t already available), lightning data, satellite
data, or radar data. Often radar data is the best/only choice for creating pseudo hourly
gauges, but this is done cautiously given the potential differences (over-shooting of the
radar beam equating to erroneous precipitation) between radar data and precipitation. In
any case, the pseudo hourly gauge is flagged so SPAS only uses it for timing and not
magnitude. Care is taken to ensure hourly pseudo gauges represent justifiably important
physical and meteorological characteristics before being incorporated into the SPAS
database. Although pseudo gauges provide a very important role, their use is kept to a
minimum. The importance of insuring the reliability of every hourly gauge cannot be
over emphasized. All of the final hourly gauge data, including pseudos, are included in
the hourly SPAS precipitation database.

Using the hourly SPAS precipitation database, each hourly precipitation value is
converted into a percentage that represents the incremental hourly precipitation divided
by the total SPP precipitation. The GIS-ready x-y-z file is constructed for each hour that
contains the latitude (x), longitude(y) and percent of precipitation (z) for a particular
hour. Using the GRASS GIS, an inverse-distance-weighting squared (IDW) interpolation
technique is applied to each of the hourly files. The result is a continuous grid with
percentage values for the entire analysis domain, keeping the grid cells on which the
hourly gauge resides faithful to the observed/actual percentage. Since the percentages
typically have a high degree of spatial autocorrelation, the spatial interpolation has skill
in determining the percentages between gauges, especially since the percentages are
somewhat independent of the precipitation magnitude. The end result is a GIS grid for
each hour that represents the percentage of the SPP precipitation that fell during that
hour.

After the hourly percentage grids are generated and QC’ed for the entire SPP, a program
is executed that converts the daily/supplemental gauge data into incremental hourly data.
The timing at each of the daily/supplemental gauges is based on (1) the
daily/supplemental gauge observation time, (2) daily/supplemental precipitation amount
and (3) the series of interpolated hourly percentages extracted from grids (described
above).

This procedure is detailed in Figure E.5 below. In this example, a supplemental gauge
reported 1.40" of precipitation during the storm event and is located equal distance from
the three surrounding hourly recording gauges. The procedure steps are:

Step 1.  For each hour, extract the percent of SPP from the hourly gauge-based

percentage at the location of the daily/supplemental gauge. In this example,
assume these values are the average of all the hourly gauges.
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Step 2. Multiply the individual hourly percentages by the total storm precipitation
at the daily/supplemental gauge to arrive at estimated hourly precipitation at the
daily/supplemental gauge. To make the daily/supplemental accumulated
precipitation data faithful to the daily/supplemental observations, it is sometimes
necessary to adjust the hourly percentages so they add up to 100% and account for
100% of the daily observed precipitation.

Hour
Precipitation 1 2 3 1 5 6 Total
Hourly station 1 0.02 0.12 0.42 0.30 0.10 0.00 1.16
Hourly station 2 0.01 0.15 0.48 0.62 0.05 0.01 1.32]
Hourly station 3 0.00 0.18 0.328 0.55 0.20 0.05 1.36

Hour
Percent of total storm precip. 1 2 3 a4 5 6 Total
Hourly station 1 2% 10% 36% 43% 9% 0% 100%
Hourly station 2 1% 11% 36% 47% 4% 1% 100%
Hourly station 3 0% 13% 28% 40% 15% 4% 100%
Average 1% 12% 34% 44% 5% 1% 100%
Storm total precipitation at daily gauge 1.40

Hour
Precipitation (estimated) 1 2 3 4 5 6 Total
Daily station 0.01 0.16 0.47 0.61 0.13 0.02 1.40

Figure E.5 Example of disaggregation of daily precipitation into estimated hourly
precipitation based on three (3) surrounding hourly recording gauges.

In cases where the hourly grids do not indicate any precipitation falling during the
daily/supplemental gauge observational period, yet the daily/supplemental gauge reported
precipitation, the daily/supplemental total precipitation is evenly distributed throughout
the hours that make up the observational period; although this does not happen very
often, this solution is consistent with NWS procedures. However, the SPAS analyst is
notified of these cases in a comprehensive log file, and in most cases they are resolvable,
sometimes with a pseudo hourly gauge.

GAUGE QUALITY CONTROL

Exhaustive quality control measures are taken throughout the SPAS analysis. Below are
a few of the most significant QC measures taken.

Mass Curve Check
A mass curve-based QC-methodology is used to ensure the timing of precipitation at all
gauges is consistent with nearby gauges. SPAS groups each gauge with the nearest four

gauges (regardless of type) into a single file. These files are subsequently used in
software for graphing and evaluation. Unusual characteristics in the mass curve are
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investigated and the gauge data corrected, if possible and warranted. See Figure E.6 for

an example.

e

- Jme |

Figure E.6 Sample mass curve plot depicting a precipitation gauge with an erroneous
observation time (blue line). X-axis is the SPAS index hour and the y-axis is inches. The
statistics in the upper left denote gauge type, distance from target gauge (in km), and
gauge ID. In this example, the center gauge (blue line) was found to have an observation

error/shift of 1 day.

Gauge Mis-location Check

Although the gauge elevation is not explicitly used in SPAS, it is however used as a
means of QCing gauge location. Gauge elevations are compared to a high-resolution 15-
second DEM to identify gauges with large differences, which may indicate erroneous

longitude and/or latitude values.

Co-located Gauge QC

Care is also taken to establish the most accurate precipitation depths at all co-located
gauges. In general, where a co-located gauge pair exists, the highest precipitation is
If the hourly gauge reports higher precipitation, then the co-

accepted (if accurate).
located daily (or supplemental) is removed from the analysis since it would not add
Often daily (or supplemental) gauges report greater

anything to the analysis.
precipitation than a co-located hourly station since hourly tipping bucket gauges tend to

suffer from gauge under-catch, particularly during extreme events, due to loss of
In these cases the daily/supplemental is retained for the

precipitation during tips.
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magnitude and the hourly used as a pseudo hourly gauge for timing. Large discrepancies
between any co-located gauges are investigated and resolved since SPAS can only utilize
a single gauge magnitude at each co-located site.

SPATIAL INTERPOLATION

At this point the QCed observed hourly and disaggregated daily/supplemental hourly
precipitation data are spatially interpolated into hourly precipitation grids. SPAS has
three options for conducting the hourly precipitation interpolation, depending on the
terrain and availability of radar data, thereby allowing SPAS to be optimized for any
particular storm type or location. Figure E.7 depicts the results of each spatial
interpolation methodology based on the same precipitation gauge data.

L L L
WEEEEN

Figure E.7 Depictions of total storm precipitation based on the three SPAS interpolation
methodologies for a storm (SPAS 1177, Vanguard, Canada) across flat terrain: (a) no
basemap, (b) basemap-aided and (3) radar.

Basic Approach

The basic approach interpolates the hourly precipitation point values to a grid using an
inverse distance weighting squared GIS algorithm. This is sometimes the best choice for
convective storms over flat terrain when radar data is not available, yet high gauge
density instills reliable precipitation patterns. This approach is rarely used.

Basemap Approach

Another option includes the use of a “basemap”, also known as a climatologically-aided
interpolation (Hunter 2005). As noted before, the spatial patterns of the basemap govern
the interpolation between points of hourly precipitation estimates, while the actual hourly
precipitation values govern the magnitude. This approach to interpolating point data
across complex terrain is widely used. In fact, it was used extensively by the NWS
during their storm analysis era from the 1940s through the 1970s.

In application, the hourly precipitation gauge values are first normalized by the

corresponding grid cell value of the basemap before being interpolated. The
normalization allows information and knowledge from the basemap to be transferred to
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the spatial distribution of the hourly precipitation. Using an IDW squared algorithm, the
normalized hourly precipitation values are interpolated to a grid. The resulting grid is
then multiplied by the basemap grid to produce the hourly precipitation grid. This is
repeated each hour of the storm.

Radar Approach

The coupling of SPAS with NEXRAD provides the most accurate method of spatially
and temporally distributing precipitation. To increase the accuracy of the results
however, quality-controlled precipitation observations are used for calibrating the radar
reflectivity to rain rate relationship (Z-R relationship) each hour instead of assuming a
default Z-R relationship. Also, spatial variability in the Z-R relationship is accounted for
through local bias corrections (described later). The radar approach involves several
steps, each briefly described below. The radar approach cannot operate alone — either the
basic or basemap approach must be completed before radar data can be incorporated.

Z-R Relationship

SPAS derives high quality precipitation estimates by relating quality controlled level-II
NEXRAD radar reflectivity radar data with quality-controlled precipitation gauge data in
order to calibrate the Z-R (radar reflectivity, Z, and precipitation, R) relationship.
Optimizing the Z-R relationship is essential for capturing temporal changes in the Z-R.
Most current radar-derived precipitation techniques rely on a constant relationship
between radar reflectivity and precipitation rate for a given storm type (e.g. tropical,

convective), vertical structure of reflectivity and/or reflectivity magnitudes. This non-
linear relationship is described by the Z-R equation below:
IR Aslatisnship BPAE 1118 b
250 AT e e 15 T3 Z=AR (1)
T Ot Where Z is the radar reflectivity (measured in
7] ~= units of dBZ), R 1is the precipitation
e (precipitation) rate (millimeters per hour), A is
A ";. the “multiplicative coefficient” and b is the
of “power coefficient”. Both A and b are directly
g related to the rain drop size distribution (DSD)
N L and rain drop number distribution (DND)
P -;:. . within a cloud (Martner and Dubovskiy 2005).
; :.f-. S .-._,: T2l The variability in the results of Z versus R is a
L_“ﬂuﬁ.ﬂ' direct result of differing DSD, DND and air

i [£3] i ] ot 2 [ L1l
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Figure E.8 Example SPAS (denoted
as “Exponential”) vs. default Z-R
relationship (SPAS #1218, Georgia
September 2009).

mass characteristics (Dickens 2003). The

DSD and DND are determined by complex
interactions of microphysical processes that
fluctuate regionally, seasonally, daily, hourly,
and even within the same cloud. For these
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reasons, SPAS calculates an optimized Z-R relationship across the analysis domain each
hour based on observed precipitation rates and radar reflectivity (see Figure E.8).

The National Weather Service (NWS) utilizes different default Z-R algorithms,
depending on the precipitation-causing event, to estimate precipitation through the use of
NEXRAD radar reflectivity data across the United States (see Figure E.90) (Baeck and
Smith 1998 and Hunter 1999). A default Z-R relationship of Z = 300R'* is the primary
algorithm used throughout the continental U.S. However, it is widely known that this,
compared to unadjusted radar-aided estimates of precipitation, suffers from deficiencies
that may lead to significant over or under-estimation of precipitation.

| RELATIONSHIP I Optimum for: | Also recommended for: |
Marshall-Palmer General stratiform precipitation

(z=200R™"%)

East-Cool Stratiform Winter stratiform precipitation - east of Orographic rain - East
(z=130R*" continental divide

West-Cool Stratiform Winter stratiform precipitation - west of Orographic rain - West
(z=75R™") continental divide

WSR-88D Convective Summer deep convection Othear non-tropical
(z=300R"") convection

Rosenfeld Tropical Tropical convective systems

(z=250R"?)

Figure E.9 Commonly used Z-R algorithms used by the NWS.

Instead of adopting a standard Z-R, SPAS utilizes a least squares fit procedure for
optimizing the Z-R relationship each hour of the SPP. The process begins by
determining if sufficient (minimum 12) observed hourly precipitation and radar data pairs
are available to compute a reliable Z-R. If insufficient (<12) gauge pairs are available,
then SPAS adopts the previous hour Z-R relationship, if available, or applies a user-
defined default Z-R algorithm from Figure 9. If sufficient data are available, the one
hour sum of NEXRAD reflectivity (Z) is related to the 1-hour precipitation at each gauge.
A least-squares-fit exponential function using the data points is computed. The resulting
best-fit, one hour-based Z-R is subjected to several tests to determine if the Z-R
relationship and its resulting precipitation rates are within a certain tolerance based on the
R-squared fit measure and difference between the derived and default Z-R precipitation
results. Experience has shown the actual Z-R versus the default Z-R can be significantly
different (Figure E.10).
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Figure E.10 Comparison of the SPAS optimized hourly Z-R relationships (black lines)
versus a default Z=75R2.0 Z-R relationship (red line) for a period of 99 hours for a storm
over southern California.

Radar-aided Hourly Precipitation Grids

Once a mathematically optimized hourly Z-R relationship is determined, it is applied to
the total hourly Z grid to compute an initial precipitation rate (inches/hour) at each grid
cell. To account for spatial differences in the Z-R relationship, SPAS computes residuals,
the difference between the initial precipitation analysis (via the Z-R equation) and the
actual “ground truth” precipitation (observed — initial analysis), at each gauge. The point
residuals, also referred to as local biases, are normalized and interpolated to a residual
grid using an inverse distance squared weighting algorithm. A radar-based hourly
precipitation grid is created by adding the residual grid to the initial grid; this allows the
precipitation at the grid cells for which gauges are “on” to be true and faithful to the
gauge measurement. The pre-final radar-aided precipitation grid is subject to some final,
visual QC checks to ensure the precipitation patterns are consistent with the terrain; these
checks are particularly important in areas of complex terrain where even QCed radar data
can be unreliable. The next incremental improvement with SPAS program will come as
the NEXRAD radar sites are upgraded to dual-polarimetric capability.

Radar- and Basemap-Aided Hourly Precipitation Grids

At this stage of the radar approach, a radar- and basemap-aided hourly precipitation grid
exists for each hour. At locations with precipitation gauges, the grids are equal, however
elsewhere the grids can vary for a number of reasons. For instance, the basemap-aided
hourly precipitation grid may depict heavy precipitation in an area of complex terrain,
blocked by the radar, whereas the radar-aided hourly precipitation grid may suggest little,
if any, precipitation fell in the same area. Similarly, the radar-aided hourly precipitation
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grid may depict an area of heavy precipitation in flat terrain that the basemap-approach
missed since the area of heavy precipitation occurred in an area without gauges. SPAS
uses an algorithm to compute the hourly precipitation at each pixel given the two results.
Areas that are completely blocked from a radar signal are accounted for with the
basemap-aided results (discussed earlier). The precipitation in areas with orographically
effective terrain and reliable radar data are governed by a blend of the basemap- and
radar-aided precipitation. Elsewhere, the radar-aided precipitation is used exclusively.
This blended approach has proven effective for resolving precipitation in complex terrain,
yet retaining accurate radar-aided precipitation across areas where radar data is reliable.
Figure E.11 illustrates the evolution of final precipitation from radar reflectivity in an
area of complex terrain in southern California.

c) = -.:- . = = -' - 5 e d)

Figure E.11 A series of maps depicting 1-hour of precipitation utilizing (a) inverse
distance weighting of gauge precipitation, (b) gauge data together with a
climatologically-aided interpolation scheme, (c) default Z-R radar-estimated interpolation
(no gauge correction) and (d) SPAS precipitation for a January 2005 storm in southern
California, USA.
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SPAS versus Gauge Precipitation

Performance measures are computed and evaluated each hour to detect errors and
inconsistencies in the analysis. The measures include: hourly Z-R coefficients, observed
hourly maximum precipitation, maximum gridded precipitation, hourly bias, hourly mean
absolute error (MAE), root mean square error (RMSE), and hourly coefficient of
determination (1?).

Dbsarved vs Predicted SPAS 1010

AT 00 0 (AT M

ZA Asdationahip SPAS 1278

SRR | EOCRCs | GhiT Mmcar Soun e 1EAZ e DEE

Puihciond i8]

P bl s (e
4
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Figure E.12 Z-R plot (a), where the blue line is the SPAS derived Z-R and the black line
is the default Z-R, and the (b) associated observed versus SPAS scatter plot at gauge
locations.

Comparing SPAS-calculated precipitation (Rgpas) to observed point precipitation depths at
the gauge locations provides an objective measure of the consistency, accuracy and bias.
Generally speaking SPAS is usually within 5% of the observed precipitation (see Figure
E.12). Less-than-perfect correlations between SPAS precipitation depths and observed
precipitation at gauged locations could be the result of any number of issues, including:

e Point versus area: A rain gauge observation represents a much smaller area than
the area sampled by the radar. The area that the radar is sampling is
approximately 1 km”, whereas a rain gauge only samples approximately 8.0x10”
km®. Furthermore, the radar data represents an average reflectivity (Z) over the
grid cell, when in fact the reflectivity can vary across the 1 km?” grid cell.
Therefore, comparing a grid cell radar derived precipitation value to a gauge
(point) precipitation depth measured may vary.

e Precipitation gauge under-catch: Although we consider gauge data “ground
truth,” we recognize gauges themselves suffer from inaccuracies. Precipitation
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gauges, shielded and unshielded, inherently underestimate total precipitation due
to local airflow, wind under-catch, wetting, and evaporation. The wind under-
catch errors are usually around 5% but can be as large as 40% in high winds (Guo
et al 2001, Duchon and Essenberg 2001, Ciach 2003, Tokay et al 2010). Tipping
buckets miss a small amount of precipitation during each tip of the bucket due to
the bucket travel and tip time. As precipitation intensities increase, the volumetric
loss of precipitation due to tipping tends to increase. Smaller tipping buckets can
have higher volumetric losses due to higher tip frequencies, but on the other hand
capture higher precision timing.

Radar Calibration: NEXRAD radars calibrate reflectivity every volume scan,
using an internally generated test. The test determines changes in internal
variables such as beam power and path loss of the receiver signal processor since
the last off-line calibration. If this value becomes large, it is likely that there is a
radar calibration error that will translate into less reliable precipitation estimates.
The calibration test is supposed to maintain a reflectivity precision of 1 dBZ. A 1
dBZ error can result in an error of up to 17% in Ry using the default Z-R
relationship 7Z=300R'*. Higher calibration errors will result in higher Ry, errors.
However, by performing correlations each hour, the calibration issue is minimized
in SPAS.

Attenuation: Attenuation is the reduction in power of the radar beams’ energy as
it travels from the antenna to the target and back. It is caused by the absorption
and the scattering of power from the beam by precipitation. Attenuation can
result in errors in Z as large as 1 dBZ especially when the radar beam is sampling
a large area of heavy precipitation. In some cases, storm precipitation is so
intense (>12 inches/hour) that individual storm cells become “opaque” and the
radar beam is totally attenuated. Armed with sufficient gauge data however,
SPAS will overcome attenuation issues.

Range effects: The curvature of the Earth and radar beam refraction result in the
radar beam becoming more elevated above the surface with increasing range.
With the increased elevation of the radar beam comes a decrease in Z values due
to the radar beam not sampling the main precipitation portion of the cloud (i.e.
“over topping” the precipitation and/or cloud altogether). Additionally, as the
radar beam gets further from the radar, it naturally samples a larger and larger
area, therefore amplifying point versus area differences (described above).

Radar Beam Occultation/Ground Clutter: Radar occultation (beam blockage)
results when the radar beam’s energy intersects terrain features as depicted in
Figure E.13. The result is an increase in radar reflectivity values that can result in
higher than normal precipitation estimates. The WDT processing algorithms
account for these issues, but SPAS uses GIS spatial interpolation functions to
infill areas suffering from poor or no radar coverage.
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e Anomalous Propagation (AP) - AP is false reflectivity echoes produced by
unusual rates of refraction in the atmosphere. WDT algorithms remove most of
the AP and false echoes, however in extreme cases the air near the ground may be
so cold and dense that a radar beam that starts out moving upward is bent all the
way down to the ground. This produces erroneously strong echoes at large
distances from the radar. Again, equipped with sufficient gauge data, the SPAS
bias corrections will overcome AP issues.

Shielding W Blocking

Beam
Filling

Ducting
Anomalous
Npagation

Figure E.13 Depiction of radar artifacts. (Source: Wikipedia)

Ovenhooting Orographic Radar
Enhancement

SPAS is designed to overcome many of these short-comings by carefully using radar data
for defining the spatial patterns and relative magnitudes of precipitation, but allowing
measured precipitation values (“ground truth) at gauges to govern the magnitude. When
absolutely necessary, the observed precipitation values at gauges are nudged up (or
down) to force the SPAS results to be consistent with observed gauge values. Nudging
gauge precipitation values helps to promote better consistency between the gauge value
and the gridcell value, even though these two values sometimes should not be the same
since they are sampling different area sizes. For reasons discussed in the "SPAS versus
Gauge Precipitation" section, the gauge value and gridcell value can vary. Plus, SPAS is
designed to toss observed individual hourly values that are grossly inconsistent with the
radar data, hence driving a difference between the gauge and gridcell. In general, when
the gauge and gridcell value differ by more than 15% and/or 0.50 inches, and the gauge
data has been validated, then it is justified to nudge (artificially increase or decrease) the
observed gauge value to "force" SPAS to derive a gridcell value equal to the observed
value. Sometimes simply shifting the gauge location to an adjacent gridcell resolves the
problems. Regardless, a large gauge versus gridcell difference is a "red flag" and
sometimes the result of an erroneous gauge value or a mis-located gauge, but in some
cases the difference can only be resolved by nudging the precipitation value.

Before final results are declared, a precipitation intensity check is conducted to ensure the
spatial patterns and magnitudes of the maximum storm intensities at 1-, 6-, 12-, etc. hours
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are consistent with surrounding gauges and published reports. Any erroneous data are
corrected and SPAS re-run. Considering all of the QA/QC checks in SPAS, it typically
requires 5-15 basemap SPAS runs and, if radar data is available, another 5-15 radar-aided
runs, to arrive at the final output.

Test Cases
To check the accuracy of the DAD software, three test cases were evaluated.
"Pyramidville” Storm

The first test was that of a theoretical storm with a pyramid shaped isohyetal pattern.
This case was called the Pyramidville storm. It contained 361 hourly stations, each
occupying a single grid cell. The configuration of the Pyramidville storm (see Figure
E.14) allowed for uncomplicated and accurate calculation of the analytical DA truth
independent of the DAD software. The main motivation of this case was to verify that
the DAD software was properly computing the area sizes and average depths.

Storm center: 39°N 104°W
Duration: 10-hours
Maximum grid cell precipitation: 1.00”
Grid cell resolution: 0.06 sq.-miles (361 total cells)
Total storm size: 23.11 sq-miles
Distribution of precipitation:
Hour 1: Storm drops 0.10” at center (area 0.06 sq-miles)
Hour 2:  Storm drops 0.10” over center grid cell AND over one cell width around
hour 1 center
Hours 3-10:
1. Storm drops 0.10” per hour at previously wet area, plus one cell width
around previously wet area
2. Area analyzed at every 0.10”
3. Analysis resolution: 15-sec (~.25 square miles)

S e
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Figure E.14 "Pyramidville” Total precipitation. Center = 1.00”, Outside edge = 0.10”.

The analytical truth was calculated independent of the DAD software, and then compared
to the DAD output. The DAD software results were equal to the truth, thus
demonstrating that the DA estimates were properly calculated (Figure E.15).

Depth-Area Curves for 10-hr Storm
"Pyramidville” - 39.5N 104.5W & 39N 104W
100.0000
“ 5
O
]
o
~ 10.0000 al
€ ]
8‘- + DAD Software -
© O Analytical truth
e
< 1.0000 s
@
0.1000 T T T T T
0 0.2 04 0.6 0.8 1 1.2
Maximum Average Precipitation Depth (inches)

Figure E.15 10-hour DA results for “Pyramidville”; truth vs. output from DAD software.
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The Pyramidville storm was then changed such that the mass curve and spatial
interpolation methods would be stressed. Test cases included:

e Two-centers, each center with 361 hourly stations

e A single center with 36 hourly stations, 0 daily stations

e A single center with 3 hourly stations and 33 daily stations

As expected, results began shifting from the ‘truth,” but minimally and within the
expected uncertainty.

Ritter, Iowa Storm, June 7, 1953

Ritter, lowa was chosen as a test case for a number of reasons. The NWS had completed
a storm analysis, with available DAD values for comparison. The storm occurred over
relatively flat terrain, so orographics was not an issue. An extensive “bucket survey”
provided a great number of additional observations from this event. Of the hundreds of
additional reports, about 30 of the most accurate reports were included in the DAD
analysis.

The DAD software results are very similar to the NWS DAD values (Table E.1).

Table E.1 The percent difference [(AWA-NWS)/NWS] between the AWA DA results
and those published by the NWS for the 1953 Ritter, lowa storm.

%
Difference

Duration (hours)
Area
(sq.mi.) 6 12 24 total
10 -15% 7% 2% 2%
100 -7% -6% 1% 1%
200 2% 0% 9% 9%
1000 -6% -7% 4% 4%
5000 -13% -8% 2% 2%
10000 -14% -6% 0% 0%

Westfield, Massachusetts Storm, August 8, 1955

Westfield, Massachusetts was also chosen as a test case for a number of reasons. It is a
probable maximum precipitation (PMP) driver for the northeastern United States. Also,
the Westfield storm was analyzed by the NWS and the DAD values are available for
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comparison. Although this case proved to be more challenging than any of the others, the
final results are very similar to those published by the NWS (Table E.2).

Table E.2 The percent difference [(AWA-NWS)/NWS] between the AWA DA results
and those published by the NWS for the 1955 Westfield, Massachusetts storm.

%
Difference

Duration (hours)
Area (sq.
mi.) 6 12 24 36 48 60 total
10 2% 3% 0% 1% -1% 0% 2%
100 -5% 2% 4% -2% -6% -4% -3%
200 -6% 1% 1% -4% -7% -5% -5%
1000 -4% -2% 1% -6% -7% -6% -3%
5000 3% 2% -3% -3% -5% -5% 0%
10000 4% 9% -5% -4% -7% -5% 1%
20000 7% 12% -6% -3% -4% -3% 3%

The principal components of SPAS are: storm search, data extraction, quality control
(QC), conversion of daily precipitation data into estimated hourly data, hourly and total
storm precipitation grids/maps and a complete storm-centered DAD analysis.

OUTPUT

Armed with accurate, high-resolution precipitation grids, a variety of customized output
can be created (see Figures E.16A-D). Among the most useful outputs are sub-hourly
precipitation grids for input into hydrologic models. Sub-hourly (i.e. 5-minute)
precipitation grids are created by applying the appropriate optimized hourly Z-R (scaled
down to be applicable for instantaneous Z) to each of the individual 5-minute radar scans;
5-minutes is often the native scan rate of the radar in the US. Once the scaled Z-R is
applied to each radar scan, the resulting precipitation is summed up. The proportion of
each 5-minute precipitation to the total 1-hour radar-aided precipitation is calculated.
Each 5-minute proportion (%) is then applied to the quality controlled, bias corrected 1-
hour total precipitation (created above) to arrive at the final 5-minute precipitation for
each scan. This technique ensures the sum of 5-minute precipitation equals that of the
quality controlled, bias corrected 1-hour total precipitation derived initially.

Depth-area-duration (DAD) tables/plots, shown in Figure E.16d, are computed using a
highly-computational extension to SPAS. DADs provide an objective three dimensional
(magnitude, area size, and duration) perspective of a storms’ precipitation. SPAS DADs
are computed using the procedures outlined by the NWS Technical Paper 1 (1946).
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Figure E.16 Various examples of SPAS output, including (a) total storm map and its
associated (b) basin average precipitation time series, (c) total storm precipitation map,
(d) depth-area-duration (DAD) table and plot, and (e) precipitation gauge catalog with

total storm statistics.

SUMMARY
Grounded on years of scientific research with a demonstrated reliability in post-storm
analyses, SPAS is a hydro-meteorological tool that provides accurate precipitation

analyses for a variety of applications. SPAS has the ability to compute precise and
accurate results by using sophisticated timing algorithms, “basemaps”, a variety of
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precipitation data and most importantly NEXRAD weather radar data (if available). The
approach taken by SPAS relies on hourly, daily and supplemental precipitation gauge
observations to provide quantification of the precipitation amounts while relying on
basemaps and NEXRAD data (if available) to provide the spatial distribution of
precipitation between precipitation gauge sites. By determining the most appropriate
coefficients for the Z-R equation on an hourly basis, the approach anchors the
precipitation amounts to accepted precipitation gauge data while using the NEXRAD
data to distribute precipitation between precipitation gauges for each hour of the storm.
Hourly Z-R coefficient computations address changes in the cloud microphysics and
storm characteristics as the storm evolves. Areas suffering from limited or no radar
coverage, are estimated using the spatial patterns and magnitudes of the independently
created basemap precipitation grids. Although largely automated, SPAS is flexible
enough to allow hydro-meteorologists to make important adjustments and adapt to any
storm situation.
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Appendix F:
All Season Short Storm List Storm Analyses
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Boulder, CO, AWA 86

September 8, 2013
Storm Type: Frontal
Grid Point Used: 21-22
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Storm Name: SPAS1302 Boulder, CO Zone 1
Storm Date: 9/8-18/2013 Storm Adjustment for Grid Point 21
AWA Analysis Date: 12/20/2013
Temporal Transposition Date 31-Aug
Lat Long Moisture Inflow Direction: SE @ 255 miles
Storm center location 4002 N  10527TW (Grid Point Elevation 7381 feet
Storm Rep dew point location 370N 10Z5W Storm Center Elevation 5330 feet
Transposition dewpoint location 3726N 10413 W Storm Rep Analysis Duration 24 feet
Basin location 39.00N 10500 W
The storm representative dew pointis 76.0F with total precipitable water above sea level of 299  inches.
The in-place maximum dew pointis  76.5F with total precipitable water above sea level of 3.07  inches.
The transpositioned maximum dew pointis  77.0F with total precipitable water above sealevel of 3.14  inches.
The in-place storm elevationis 5330 which subtracts 119 inches of precipitable water at 76.0 F
The in-place storm elevationis 5330 which subtracts 121 inches of precipitable water at T6.5F
The transposition zrid elevationat 7,381 which subtracts 1.59 inches of precipitable water at 77.0F
The inflow barrier/gnd elevation heightis 7,381 which subtracts 1.59 inches of precipitable water at 77.0F
The in-place storm maximization factor is 1.02 MNotez: DAD values taken from SPAS 1302 Zons 2. Storm
The transposition/elevation to basin factoris 0.84 representative dew point value was based on maximum 24-hr Td
The barrier adjustment factor is 1.00 vilues between September 11-12_ 2013 at KDHT, KCAO, KSPD
and KLHX.
The total adjustment factor is 0.86
‘Observed Storm Depth-Area-Duration
1 Hours 3 Hours 6 Hours 12 Hours ;| 18 Hours ;| 24 Hours ;| 36 Hours ;| 48 Hours ;| 72 Hours : 96 Hours
1 sq miles 25 4.7 6.5 0.2 10.9 121 14.3 153 158 17.6
10 sq miles 22 4.3 5.6 7.2 0.2 10.6 128 14.3 14.7 16.3
100 sq miles 1.3 2.0 4.3 6.2 7.7 0.3 11.3 124 13.2 14.4
200 sq miles 11 2.6 4.0 5.8 7.1 8.5 10.6 11.8 124 135
300 sq miles 0.9 21 35 4.9 6.1 7.5 0.3 10.3 10.9 11.0
1000 sq miles 0.6 1.7 3.0 3.9 5.1 6.6 8.0 8.7 0.3 0.9
2000 sq miles 0.4 13 23 33 4.1 5.4 6.5 6.9 7.7 8.4
5000 sq miles 0.2 0.6 11 1.9 2.4 3.0 4.1 4.5 5.3 5.8
10000 sq miles 0.1 0.4 0.8 1.0 12 1.6 2.3 35 4.0 4.5
20000 sq miles - - - - - - - - - -
30000 sq miles - - - - - - - - - -
Adjusted Storm Depth-Area-Durati
1 Hours 3 Hours 6 Hours 12 Hours | 18 Hours ; 24 Hours | 36 Hours ;| 48 Hours | 72 Hours 96 Hours
1 sq miles 22 4.1 5.6 7.9 0.4 10.4 123 13.2 13.6 15.2
10 sq miles 1.9 3.7 48 6.2 7.0 0.2 11.0 11.3 12.7 14.0
100 sq miles 11 15 a7 5.4 6.7 8.0 9.7 10.7 11.3 114
200 sq miles 0.9 22 34 5.0 6.1 7.3 9.1 10.2 10.7 11.6
300 sq miles 0.7 1.8 3.0 4.2 5.3 6.5 8.0 8.8 9.4 10.2
1000 sq miles 0.5 15 2.6 34 4.4 5.7 6.9 7.5 8.0 8.6
2000 sq miles 0.4 11 2.0 28 a5 4.6 5.6 5.9 6.7 7.3
3000 sq miles 0.2 0.6 0.9 1.7 2.1 2.6 35 38 4.6 5.0
10000 sq miles 0.1 0.4 0.6 0.8 11 14 2.0 3.0 34 38
20000 sq miles - - - - - - - - - -
20000 sq miles - - - - - - - - - -
Storm or Storm Center Name SPAS51302 Boulder, CO Zone 1
Storm Date(s) 9/8-18/2013
Storm Type Synoptic
Storm Location 4002 N 10527TW
Storm Center Elevation 3,330
Precipitation Total & Duration 2041 Inches 240-hours
Storm Representative Dewpoint T60F 24
Storm Representative Dewpoint Location 3TN 1025 W Aug Sep
Maximum Dewpoint T65F 78.30 73.00
Moisture Inflow Vector SE @ 233 Miles
In-place Maximization Factor 1.03
Temporal Transposition (Date) 31-Aug
Transposition Dewpoint Location 376N 10413 W Aug Sep
Transposition Maximum Dewpoint TI0F 78.50 73.530
Transposition Adjustment Factor 0.84
Average Basin Elevation 7381 S0sgqmi ave
Highest Elevation in Basin 14344
Inflow Barrier Height 7,381
Elevation Adjustment Factor 1.00
Total Adjustment Factor 0.86

Appendix F: Table F.2: Storm spreadsheet for Boulder, CO September 8, 2013
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Storm 1302 - Sep. 8 (800 UTC) - Sep. 18 (700 UTC), 2013
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration {hours)
frea iml’:l 1 3 i 12 18 24 36 43 T?m 1] 10 144 163 152 216 240 Total
] 753 | 489 | 795 | 946 | Tzl | 243 | 1500 | 624 | 1689 | 87 | 7893 | 7093 | 2041 | 2041 | 20471 | 2041 | w041
1 252 | 472 | 649 | 998 | 1004 | 1208 | 943 | 1532 | 1658 | 764 | 1795 | &3 | 1913 [ 1913 | 1913 | 1943 | 1913
10 22 4.3 & 8T r.23 9.15 10.54 12.79 1433 14.73 1627 1642 1T.94 523 18.24 18:33 1833 18.33
] 157 33 515 B 715 .66 10 08 123 13 68 14,35 15 56 157 17 18 1T 51 17 .53 17T &1 17 61 17 &1
50 167 | 333 | A% | 65 | 827 | 98 | 1185 | 1904 | 1379 | 84 | 1525 | 1635 | 1686 | 1667 | 1698 | 1698 | 1698
100 126 | 285 | 43 | 624 | 774 | 93 | 1129 | 1241 | 1315 | 144 | 1446 | 1559 | 613 | 1613 | 62 | 162 | 1620
200 1.06 258 3.58 679 107 845 10.61 118 12.42 1249 1317 14.7h 1621 15.36 15.36 15.36 15.36
300 1.03 242 3.86 §.38 5.T89 g3 10.18 11.26 11.95 12,52 1318 1413 1 14.74 .75 14.75 14 75
400 B9 2347 366 522 §.25 7.78 5T 10 72 11 36 12.03 1228 13,04 40 42 1422 14 23 1423
] 085 212 349 487 R 75 533 1027 1091 e 1207 12.96 1355 13 64 RERE] 1381 138
1.000 058 | 172 | 285 | 391 | 513 | 661 | 747 | #73 | 897 | 93 | 1045 | 1M | 1141 | 1204 | 2% | 1223 | 1228
2,000 044 132 2.29 EFE] 4.08 5.35 645 658 T.14 B43 ga44 9.62 .67 10.45 0.5 10051 10.51
5,000 .24 064 1.08 194 241 299 4.05 446 5.29 5.83 692 .58 .76 16 8.2 824 B3
10,000 034 041 ars o8& 1.23 158 232 351 30 446 5.9 §T4 5ad 533 626 B3 530
16,014 [K 0.2% 054 185 111 1.63 214 254 FI] 337 3.85 41 454 4 .85 4 67 4 &8 4 68
Appendix F: Table F.3: Depth-area-duration values for Boulder, CO September 8, 2013
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Appendix F: Figure F.1: Depth-area-duration chart for Boulder, CO September 8, 2013
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Cheyenne Mountain, CO, AWA 85

September 8, 2013
Storm Type: Frontal
Grid Point Used: 14, 21-22
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Storm Name: SPAS 1302 Chey M in, C(|
Storm Date: 9/8-18/2013 Storm Adjustment for Grid Point 22
AWA Analysis Date: :12/20/2013
Temporal Transposition Date 31-Aug
Lat Long Moisture Inflow Direction: SE @ 180 miles
Storm center location 387N 104.87TW Grid Point Elevation 9,871 feet
Storm Rep dew point location 3T00N 1025W Storm Center Flevation 9,380 feet
Transposition dewpoint locati 3726N  10413W Storm Rep Analysis Duration 24 feet
[Basin location 39.00N  106.50 W
The storm representative dew pointis~ 76.0 F with total precipitable water above sealevel of 299  inches.
The in-place maximum dew pointis  76.5F with total precipitable water above sea level of 3.07  inches.
The transpositioned maximum dew pointis  76.0F with total precipitable water above sealevel of 299  inches.
The in-place storm elevationis 9,380 which subtracts 1.83 inches of precipitable water at 76.0F
The in-place storm elevationis 9,380 which subtracts 187 inches of precipitable water at T6.5F
The transposition grid elevation at 9,871 which subtracts 1.89 inches of precipitable water at 76.0F
The inflow barrier/grid elevation heightis 9,871 which subtracts 1.89 inches of precipitable water at 76.0 F
The in-place storm maximization factor is 1.03 Notes: DAD walues talken from SPAS 1302 Zone 2. Storm
The transposition/elevation to basin factor is 0.92 representative dew point value was based on maximum 24-hr Td
The barrier adjustment factor is 1.00 values between September 11-12, 2013 at KDHT, KCAOQ, KSPD
and KLHX.
The total adjustment factor is 0.95
Ohserved Storm Depth-Area-Durati
1 Hours 3 Hours 6 Hours 12 Hours ; 18 Hours : 24 Hours ; 36 Hours : 48 Hours ; 72 Hours :96 Hours
1 sg miles 4.5 8.5 9.7 10.4 11.7 12.2 12.7 12.0 13.4 18.0
10 sq miles 3.5 7.0 8.0 8.5 9.8 10.5 11.8 12.4 12.8 16.2
100 sq miles 1.2 2.8 a2 4.4 4.9 6.9 8.3 8.4 8.0 10.2
200 =q miles 0.8 2.0 3.0 33 4.7 5.7 7.5 7.8 8.2 8.4
300 sq miles 0.5 15 2.0 2.8 6 4.4 5.2 6.0 6.4 6.4
1000 sq miles 0.4 0.8 17 2.1 2.6 29 44 4.6 4.7 5.1
2000 sq miles 0.3 0.6 1.2 1.9 21 24 2.8 28 4.1 4.1
30040 =g miles 0.2 0.3 0.5 0.8 12 17 23 25 2.7 2.8
10000 sq miles - - - - - - - - - -
20000 sq miles - - - - - - - - - -
30000 sq miles - - - - - - - - - -
Adjusted Storm Depth-Area-Duration
1 Hours 3 Hours 6 Hours 12 Hours : 18 Hours ;| 24 Hours ;| 36 Hours | 48 Hours : 72 Hours 96 Hours
1 =g miles 4.2 8.1 9.2 9.8 11.1 11.7 12.1 12.2 12.7 17.1
10 sq miles 34 6.6 7.6 8.1 9.3 9.9 11.2 1.7 12.1 154
100 =q miles 1.1 2.6 31 42 4.6 6.5 7.9 8.0 8.4 9.6
200 sq miles 0.8 1.9 2.8 a1 4.4 5.4 7.1 7.4 7.8 7.9
300 sq miles 0.5 14 1.9 2.7 a4 4.2 5.0 5.7 6.1 6.1
1000 sq miles 0.4 0.7 16 2.0 2.5 2.7 4.1 4.4 4.5 4.8
2000 =q miles 0.3 0.6 11 13 2.0 23 2.6 27 a8 3.9
3000 sg miles 0.1 0.3 0.5 0.8 L1 16 22 2.4 2.6 2.7
10000 sq miles - - - - - - - - - -
20000 sg miles - - - - - - - - - -
20000 sg miles - - - - - - - - - -
Storm or Storm Center Name SPAS 1302 Chevenne Mountain, CO Zone 2
Storm Date(s) 9/8-18/2013
Storm Type Synoptic
Storm Location 3BT9N 104.87 W
Storm Center Elevation 9380
Precipitation Total & Duration 18.89 Inches 240-hours
Storm Representative Dewpoint 160F 24
Storm Representative Dewpoint Location 3700N 1025W Aug Sep
Maximum Dewpoint T635F 78.50 73.00
Moisture Inflow Vector SE @ 180 Miles
In-place Maximization Factor 1.03
Temporal Transposition (Date) 3l-Aug
Transposition Dewpoint Location 372N 10413 W Aug Sep
Transposition Maximum Dewpoint 160F 78.00 7400
Transposition Adjustment Factor 0.92
Averaze Basin Elevation 2871 30sgmi ave
Highest Elevation in Basin 14344
Inflow Barrier Height 9871
Elevation Adjustment Factor 1.00
Total Adjustment Factor 0.95

Appendix F: Table F.4: Storm spreadsheet for Cheyenne Mountain, CO September 8, 2013
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Storm 1302 - Sep. B (800 UTC) - Sep. 18 (700 UTC), 2013
MAXIMUM AVERAGE DEFTH OF PRECIPITATION (INCHES)

Duration {hours)
Area jmi’) 1 3: i 12 18 o] 36 48 il a5 120 144 163 182 216 240 Total
0.4 4 51 872 9.85 10 52 11.89 1246 1254 13.08 1378 1629 187 18.92 1692 18 92 18 92 1892 18.92
1 447 845 9.65 10.35 1173 1211 1211 12.9 13.41 17 58 18.2 18.42 1842 18.42 1242 1642 18.42 |
10 315 .95 B.03 B53 2.8 10 48 18 1237 1277 16.23 16 58 1715 1715 17 16 w2 172 17.20
15 247 508 614 (LT ] 945 11.06 1161 11.89 W 1547 157 1571 1671 1577 1577 1577
50 146 123 458 [EE] (X 513 5.78 16 41 10.9 124 13178 14 04 144 1407 1412 14 12 14.12
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Appendix F: Table F.5: Depth-area-duration values for Cheyenne Mountain, CO September 8§, 2013
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Appendix F: Figure F.4: Depth-area-duration chart for Cheyenne Mountain, CO September 8, 2013
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Appendix F: Figure F.5: Mass curve chart for Cheyenne Mountain, CO September 8, 2013
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Appendix F: Figure F.6: Total storm isohyetal analysis for Cheyenne Mountain, CO September 8, 2013
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Dubuque, IA, AWA 1
July 27,2011
Storm Type: Frontal/ MCC
Grid Point Used: 8-10, 16-18
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[Storm Name: SPAS1220 Dubugue, IA
[Storm Date: 7/27-28/2011 Storm Adjustment for ANO Grid Point 8
|AWA Analvsis Date: :12/13/2013
Temporal Transposition Date 15-Jul
Lat Long Moisture Inflow Direction SSE @105  miles
Storm Center Location 4244 N 20.75 W (Grid Point Elevation 1,200 feet
Storm Rep Dew Point Location 4095 N 90.27TW Storm Center Flevation 200 feet
Transposition Dew Point Location 41.24 N 9210 W Storm Rep Analysis Duration 12 hours
(Grid Point Location 3T50N  93.00W
The storm representative dew pointis  7O.0F with total precipitable water above sealevel of 344 inches.
The in-place mamimum dew pointis  81L0F with total precipitable water above sealevel of 376  inches.
The transpositioned maximum dew pointis  81.0F with total precipitable water above sealevel of 376  inches.
The in-place storm elevation is 200 which subtracts 0.26 inches of precipitable water at T9.0F
The in-place storm elevation is 200 which subtracts 0.28 inches of precipitable water at 81.0F
The transposition basin elevationat 1,200 which subtracts 0.30 inches of precipitable water at 81.0F
The Grid point‘inflow barrer heightis 1,000 which subtracts 0.30 inches of precipitable water at 81.0F

The in-place storm maximization factor is 1.00 Notes: DAD values taken from SPAS 1220. Storm representative
The transposition elevation to basin factor is 0.99 dew point value was based on maximum 12-hr Td values between
The barrier adjustment factor is 1.00 July 23-28, 2011 at WBAN (4949, 14842, and 14923,
The total adjustment factor is 1.09
|Observed Storm Depth-Area-Durati

1 Hours 3 Hours 6 Hours 12Houwrs : 18 Houwrs : 24 Howrs | 36 Howrs : 48Howurs : 72 Howrs

1 =g miles 41 2.1 10.6 144 14.7 14.7 - - -

10 =g miles 3.9 8.6 10.2 13.7 144 14.5 - - -

100 =g miles 2.9 5.7 9.1 124 132 13.3 - - -

200 =q miles 23 5.6 8.8 11.9 12.6 12.7 - - -

300 =g miles 21 4.6 7.9 10.9 11.7 11.7 - - -

1000 sg miles L7 3.9 7.0 9.6 10.2 10.4 - - -

2000 sq miles 13 3.0 5.2 7.7 8.4 8.6 - - -

3000 sq miles 0.7 1.6 33 4.9 5.4 5.9 - - -

10000 sg miles 0.4 1.0 1.9 2.9 3.5 as - - -

20000 sq miles - - - - - - - - -

Adjusted Storm Depth-Area-Duration

1 Hours 3 Hours 6 Hours 12Houwrs : 18 Hours | 24 Howrs : 36 Howrs | 48Hours : 72 Howrs

1 sg miles 4.5 2.9 11.5 15.6 16.0 16.0 - - -

10 sq miles 4.2 9.3 11.1 14.9 15.6 15.8 - - -

100 sq miles 31 6.2 2.9 13.5 143 14.4 - - -

200 sq miles 2.5 6.1 9.6 13.0 13.7 13.8 - - -

300 =g miles 2.2 5.0 8.6 11.9 12.7 12.7 - - -

1000 sg miles 1.9 4.2 7.6 10.5 11.1 11.2 - - -

2000 sq miles 14 32 5.7 8.3 9.1 2.4 - - -

5000 sq miles 0.7 1.8 EX ) 53 5.9 6.4 - - -

10000 sq miles 0.4 11 21 32 a8 41 - - -

20000 sq miles - - - - - - - - -

Storm or Storm Center Name

SPAS1220 Dubugque, 1A

Storm Date(s) 7/27-28:2011

Storm Type MCC

Storm Location 424N 9075 W
Storm Center Elevation 000

|Precipitation Total & Duration

15.14 Inches 24-hours

Storm Bepresentative Dew Point 100F 12
Storm Bepresentative Dew Point Location 4095 N 20.2TW
Maximum Dew Point 81.0F
Moisture Inflow Vector SEE @ 105 Miles
|In-place Maximization Factor 1.09
Temporal Transposition (Date) 15-Tul
Transposition Dew Point Location 41.24N 9210w
Transposition Maximum Dew Point S310F
Transposition Adjustment Factor 0.99
(Grid Point Elevation 1,200
|Eighest Elevation in Basin 14,344
|mfiow Barrier Height 1000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.09

Appendix F: Table F.6:
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Storm 1220 - July 27 (2100 UTC) - July 28 (2000 UTC), 2011
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
Duration (hours)

Area (mi?) 1 2 3 ; 12 18 24 Total
0.4 42 6.92 9.38 10.9 14 8 1514 | 1514 | 15.14
1 4.1 6.76 9.13 10.6 1437 | 1472 | 1473 | 1473
10 3.86 6.26 8.56 1024 | 1374 | 1438 14 5 14 50
25 35 582 7.83 9.32 1314 | 1394 14 14.00
50 3.12 5 41 715 9.26 1268 | 1359 | 1364 | 1364
100 2.86 501 5 69 9.13 1242 | 1317 | 1325 | 1325
150 262 475 5 68 8.98 12 1287 | 1293 | 1293
200 234 453 563 8.84 1192 | 1263 12.7 12.70
300 2.24 4.21 495 8.56 11.51 1226 | 1233 | 1233
400 215 3.98 482 7.97 1122 | 1197 | 1202 | 12.02
500 2.06 3.78 458 7.9 1092 | 1165 1.7 11.70
1,000 171 3.01 3.9 6.99 9 62 1019 | 1038 | 10.38
2,000 1.3 218 293 52 767 8.4 8.63 8.63
5,000 0.68 1.1 1.64 3.33 4.86 5.44 5.91 5.91
10,000 0.39 0.71 0.99 1.92 2.91 3.49 3.8 3.80
12,295 0.31 0.6 0.86 159 263 3.06 3.07 3.07

Appendix F: Table F.7: Depth-area-duration values for Dubuque, IA July 27, 2011
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Appendix F: Figure F.7: Depth-area-duration chart for Dubuque, IA July 27, 2011
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Appendix F: Figure F.8: Mass curve chart for Dubuque, IA July 27,2011
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Appendix F: Figure F.9: Total storm isohyetal analysis for Dubuque, IA July 2011
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Warner Park, TN, AWA 2
April 30, 2010
Storm Type: Frontal/ MCC
Grid Points Used: 1-3, 8-10, 16-17
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[Storm Name: SPAS 1208, Warner Park, TN
[Storm Date: 5/1-3/2010 Storm Adjustment for ANO Grid Point 1
|AWA Analvsis Date: :12/20/2013
Temporal Transposition Date 15-May
Lat Long Moisture Inflow Direction SEW @ 360 miles
Storm Center Location 36.06 N B8691W (Grid Point Flevation 350 feet
Storm Rep Dew Point Location 3L50N  90.00W Storm Center Elevation 600 feet
Transposition Dew Point Location 3816 N 9504W Storm Rep Analysis Duration 12 hours
Grid Point Location 3531N  9323W
The storm representative dew pointis  750F with total precipitable water above sealevel of 2.85 inches.
The in-place maximum dew pointis  T6.5F with total precipitable water above sealevel of 3.07  inches.
The transpositioned maxmum dew pointis  75.0F with total precipitable water above sealevel of 2.85  inches.
The in-place storm elevation is 600 which subtracts  0.15 inches of precipitable water at 75.0F
The in-place storm elevation is 600 which subtracts 0.16 inches of precipitable water at T6.5F
The transposition storm elevationat 350 which subtracts  0.25 inches of precipitable water at 75.0F
The Grid point/inflow barier heightis 1,000 which subtracts  0.25 inches of precipitable water at 75.0F

The i.n-place maximization factor is 1.08 Motes: Storm representative Td valoe was based on 12-hr surface

The transposition/elevation factor is 0.90 wm[ ""‘1‘_"’35 batwaen m'\hy_ 1 al“fng with Hysplit bad:""a'r_‘:‘
The barrier adjustment factor is 1.00 trajectory. Values wers szlected in region \'-'l'tzta temperature did not

vary more than a degres over a large area. Used an averags of

! ! KIAN, KMCB, KHBG, 2nd KASD.
The total adjustment factor is 0.96
(Observed Storm Depth-Area-Duration

1 Hours ;| 6 Hours 12 Hours 18 Hours ;| 24 Howrs | 36 Howrs ;| 48 Howrs | 60Hows | 72 Hours

10 sg miles 4.4 15.0 17.3 18.0 18.1 19.0 19,2 19.4 -

100 sq miles a7 132 159 16.5 16.6 18.3 18.5 18.7 -

200 sg miles 34 12,2 15.0 15.6 15.8 17.8 18.1 18.3 -

300 sq miles 1.8 10.6 13.5 14.3 14.6 16.8 17.4 17.7 -

1000 sg miles 2.3 9.0 12.6 13.3 13,5 16.4 16.9 17.1 -

2000 sq miles 1.8 7.4 11.1 12.0 12.6 15,7 16.1 16.4 -

3000 sq miles 1.4 5.2 9.2 10.3 10.9 14.1 14.8 15.0 -

10000 sq miles 1.0 38 7.4 8.4 8.6 122 13.0 13.1 -

20000 sq miles 0.7 2.9 54 6.3 7.2 10.2 11.0 11.2 -

Adjusted Storm Depth-Area-Duration

1 Howrs : 6 Hours 12 Hours 18 Hours ; 24 Hours : 36 Hours : 48 Howrs i 60Hours @ 72 Howrs

10 sg miles 4.3 144 16.7 17.3 17.4 18.3 18.4 18.7 -

100 sq miles .6 12.7 153 15.9 16.0 17.6 17.8 18.0 -

200 sg miles i3 11.7 14.4 15.0 15,2 17.1 17.4 17.6 -

300 sq miles 2.7 10.2 13.0 12.8 14.1 16.2 16.8 17.0 -

1000 sg miles 2.2 8.7 12.1 12.8 13.0 15.8 16.2 16.4 -

2000 sq miles 1.7 7.1 10.7 11.5 12.2 151 15.5 15.8 -

3000 sq miles 13 5.0 8.9 2.9 10.5 13.6 14.2 144 -

10000 sq miles 1.0 3.6 7.1 8.1 8.3 11.8 125 12.6 -

20000 sq miles 0.6 2.8 5.2 6.1 6.9 9.9 10.6 10.7 -

Storm or Storm Center Name

SPAS 1208, Warner Park, TN

Storm Date(s) 3/1-3/2010

Storm Type Synoptic

Storm Location 36.06 N 8601 W
Storm Center Elevation 600

Precipitation Total & Duration (10 sq mi)

19.71 inches in 60 hours

Storm Eepresentative Td J3.0F 12
Storm Representative Td Location 3130N S0.00 W
In-place Maximum Td T6.5F

Moisture Inflow Vector S5W @ 360

In-place Maximization Factor 1.08

Temporal Transposition (Date) 15-May

Transposition Td Location 816N 054 W
Transposition Mazimum Td J5.0F

Transposition Adjustment Factor 0.90

Grid point Elevation 330

Hizhest Elevation in Basin 14 344

Inflow Barrier Height 1,000

Elevation Adjustment Factor 1.00

Total Adjustment Factor 0.96

Appendix F: Table F.8:
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Storm 1208 - May 1 (0100 UTC) - May 3 (1200 UTC), 2010

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
Area (mi%) 1 3 6 12 18 24 36 48 60 Total
0.4 4.63 8.92 15.31 1777 15.33 18.39 19.36 19.66 19.71 19.71
1 4.58 B.52 15.06 17.52 15.03 18.12 19.11 19.38 19.45 19.45
10 4.44 8.81 14.98 17.31 17.97 16.06 19.04 19.15 19.43 19.43
25 4.29 B8.61 14 66 17.08 1769 17.8 15.91 19.04 19.24 19.24
50 4.04 B8.25 14.12 16.7 17.2 17.33 15.67 15.82 19.01 19.01
100 3.72 7.72 13.21 15.9 16.52 16.63 15.31 18.51 18.71 18.71
150 3.58 7.37 12 62 16.37 16.04 16.07 179 16.35 15.48 16.48
200 3.43 7.12 12.18 14.99 15.57 156.78 17.75 18.11 15.32 18.32
300 3.16 6.72 11.56 14.47 15.07 15.28 17.33 17.85 15.05 18.05
400 297 b6.44 11.07 14.08 14.65 14.91 16.9 17.65 17.85 17.85
500 2.81 5.19 10.63 13.52 14.34 14.61 16.84 174 17.67 17.67
1,000 227 5.26 5.99 12.55 13.27 13.5 16.39 16.86 17.05 17.05
2,000 1.79 4.19 7.41 1.1 11.96 12.62 15.72 16.14 16.37 16.37
5,000 1.38 3 523 9.24 10.3 10.93 14.12 14.79 15 15.00
10,000 0.99 2.28 3.76 7.39 5.42 8.64 12.21 13 13.13 13.13
20,000 (.66 1.6 2.93 544 6.33 7.16 10.24 11.04 11.15 11.15
50,000 0.32 0.88 1.58 3.19 4.08 459 6.63 7.63 7.75 775

Appendix F: Table F.9: Depth-area-duration values for Warner Park, TN, May 30, 2010
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Appendix F: Figure F.10: Depth-area-duration chart for Warner Park, TN, May 30, 2010
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Appendix F: Figure F.11: Mass curve chart for Warner Park, TN, May 30, 2010
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Appendix F: Figure F.12: Total storm isohyetal analysis for Warner Park, TN, May 30, 2010
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Alley Spring, MO, AWA 3
March 17, 2008
Storm Type: Frontal
Grid Points Used: 8-10, 16-17
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Storm Name: SPAS 1242 Alley Spring, MO
Storm Date: 3/17-20/2008 Storm Adjustment for ANO Grid Point 1
AWA Analysis Date: :12/13/2013
Temporal Transposition Date 1-Apr
Lat Long Moisture Inflow Direction SE @ 500  miles
Storm Center Location 3716 N 9145W Grid Point Elevation 350 feet
Storm Rep Dew Point Location 310N B6.40W Storm Center Elevation 1,050 feet
Transposition Dew Point Location 36.85N 87.18W Storm Rep Analysis Duration 24 hrs
Grid Point Location 3531N 0323W
The storm representative dew pointis  66.0 F with total precipitable water above sea level of 1.86 inches.
The in-place maximum dew pointis  7LOF with total precipitable water above sea level of 236  inches.
The transpositioned maximum dew pointis  67.0F with total precipitable water above sea level of 1.95 inches.
The in-place storm elevationis 1,050 which subtracts 0.20 inches of precipitable water at 66.0 F
The in-place storm elevationis 1,050 which subtracts 0.23 inches of precipitable water at 71.0F
The transposition storm elevationat 350 which subtracts 0.19 inches of precipitable water at 67.0F
The Grid Point/inflow barrier heightis 1,000 which subtracts 0.19 inches of precipitable water at 67.0 F
The in-place maximization factor is 1.28 Motes: Storm representative dew point valse was based on
The transposition factor is 0.82 maximum 24-hr Td valves for March 16-17, 2008 at EGZH,
The elevation/batrier adjustment factor is 1.00 KPRN, KOZR, KCEW, 20d K791,
The total adjustment factor is 1.06

|observed Storm Depth-Area-Duration

1 Hours : 6 Hours 12 Hours 18 Hours | 24 Hours : 36 Hours | 48 Hours ;| 60 Hours ;| 72 Hours
1 sg miles 2.2 6.0 8.9 11.0 12.9 143 147 14.7
10 sg miles 2.0 5.9 8.7 11.0 1.9 14.3 14.7 14,7
100 sq miles 1.6 5.0 8.0 10.8 127 13,7 14.0 14.1
200 sg miles 1.4 4.6 7.7 10.5 12.4 13.4 13.6 13.8
300 sq miles 1.3 3.9 7.1 2.8 11.8 12.7 13.0 13.2
1000 sg miles 1.2 a8 6.2 8.9 11.0 12.2 12.5 12.6
2000 sq miles 1.1 3.3 5.9 8.1 10.5 11.6 11.9 12.0
3000 sg miles 0.9 2.8 5.2 7.2 9.4 10.6 11.0 11.0
10000 sg miles 0.7 1.5 4.7 6.5 8.3 9.7 10.0 10.1
20000 sg miles 0.6 2.2 4.1 5.6 7.0 8.6 8.9 2.0

Adjusted Storm Depth-Area-Duration

1 Hours : 6 Hours 12 Hours 18 Howrs : 24 Hours | 36 Hours | 48 Hours | 60 Hours | 72 Hours
1 sg miles 23 6.4 9.4 11.6 13.6 15.1 15.6 - 15.6
10 =g miles 21 6.2 9.2 11.6 13.6 15.1 15.6 - 15.6
100 sq miles 1.7 5.3 8.4 11.5 134 144 14.8 - 14.9
200 =g miles 1.5 4.9 8.1 11.1 13.1 141 14.4 - 14.6
300 =g miles 1.4 41 7.5 10.4 124 134 13.7 - 13,9
1000 =g miles 1.3 4.0 6.6 0.4 11.6 12,9 13.2 - 13.3
2000 sg miles 1.2 35 6.3 8.6 11.0 12.3 12.6 - 12.7
3000 =g miles 1.0 3.0 5.5 7.6 9.9 11.2 11.6 - 11.6
10000 sg miles 0.8 2.7 4.9 6.9 8.7 10.2 10.6 - 10.7
20000 =g miles 0.6 2.3 4.3 5.9 7.4 9.1 2.4 - 9.5

Storm or Storm Center Name

SPAS 1242 Alley Spring, MO

Storm Date(s) 3/17-20/2008

Storm Type (eneral Storm

Storm Location 37116 N 9145 W
Storm Center Elevation 1050

|Precipitation Total & Duration (10 sq mi) 15.09 inches in 72 hours

Storm Representative Dew Point 66.0F 24
Storm Representative Dew Point Location 330N 3640 W Mar Apr
MMaximum Dew Point TOF 60.5 72
Moisture Inflow Vector SE @ 500

|In-place Maxmization Factor 1.28
Temporal Transposition (Date) 1-Apr
Transposition Dew Point Location 3685 N 37.18W Mar Apr
Transposition Maximum Dew Point 670F 63 68.5
Transposition Adjustment Factor 0.83
(Grid Point Basin Elevation 350

|Eighest Elevation in Basin 14344

|tnflow Barrier Height 1,000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.06

Appendix F: Table F.10:

Storm spreadsheet for Alley Spring, MO, March 17, 2008
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Storm 1278 - March 7 (0700 UTC) - Mach 12 (0600 UTC), 1964

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration {hours)
Area (mi%) 1 3 6 12 18 24 36 48 72 96 120 Total
0.3 2 2.89 39 5.64 7.74 8.71 9.37 11.25 11.59 11.67 11.67 11.67
1 1.97 2.83 3.64 5.64 7.63 8.52 9.17 1 11.34 11.43 11.43 11.43
10 1.97 283 3.84 5.63 7.63 5.52 917 11 11.34 11.43 11.43 11.43
25 1.96 2.82 3.83 5.62 7.62 5.52 917 11 11.34 11.43 11.43 11.43
50 1.94 28 3.82 5.59 7.61 5.52 917 11 11.34 11.43 11.43 11.43
100 1.9 276 3.74 553 749 5.52 917 11 11.34 11.43 11.43 11.43
200 1.82 2.7 3.68 542 719 5.29 5.97 10.83 11.12 11.25 11.28 11.28
300 1.75 2.65 3.61 5.3 7 7.78 5.67 10.49 10.79 10.96 11.06 11.06
400 1.72 26 3.57 518 6.81 7.71 5.37 9.94 10.65 10.74 10.85 10.85
500 1.66 255 3.53 5.05 6.7 7.55 5.27 9.89 10.53 10.61 10.65 10.65
1,000 1.45 2.39 3.37 474 645 7.07 7.96 9.59 10.05 10.16 10.34 10.34
2,000 1.4 213 3.16 4.51 6.25 6.82 7.56 9.13 9.72 9.8 9.81 9.81
5,000 1.2 1.92 277 3.95 5.81 6.44 718 8.6 9.3 9.32 9.35 9.35
10,000 1.02 1.75 2.46 3.68 5.29 6.09 6.66 8.26 8.82 B8.64 B8.68 B8.68
20,000 0.84 1.54 212 3.36 4.64 5.61 6.46 7.82 8.23 8.24 8.36 8.36
50,000 0.6 1.08 1.76 2.64 3.79 4.84 5.74 6.38 7.1 7.2 7.23 7.23
100,000 0.3 0.86 1.34 214 298 3.63 476 547 59 5.97 6.01 6.01
227,343 0.2 0.45 0.73 1.2 1.76 2.24 2.85 3.34 3.72 3.72 3.07 3.07

Appendix F: Table F.11:
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Appendix F: Figure F.13: Depth-area-duration chart for Alley Spring, MO March 17, 2008
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Appendix F: Figure F.14: Mass curve chart for Alley Spring, MO March 17, 2008
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Appendix F: Figure F.15: Total storm isohyetal analysis for Alley Spring, MO March 2008
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Larto Lake, LA, AWA 4

September 1, 2008
Storm Type: Tropical
Grid Points Used: 1-2
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[Storm Name: SPAS 1182 Larto Lake, LA
|Storm Date: 9/1-5/2008 Storm Adjustment for ANO Grid Point 1
|AWA Analysis Date: :12/13/2013
Temporal Transposition Date 15-Aug
Lat Long Moisture Inflow Direction: SW@ 150  miles
Storm center location 3122N  9213W (Grid Point Flevation 400 feet
Storm Rep Td location 30.00N 9400 W Storm Center Elevation 50 feet
Transposition Td location 3410N  9510W Storm Rep Analysis Duration 24 hours
(Grid Point location 3531N  0323W
The storm representative Tdis  76.0F with total precipitable water above sea level of 2.99  inches.
The in-place maximum Tdis  80.0F with total precipitable water above sea level of 3.60  inches.
The transpositioned maximum Tdis 79.5F with total precipitable water above sea level of 352 inches.
The in-place storm elevation is 50 which subtracts 0.03 inches of precipitable water at 76.0F
The in-place storm elevation is 50 which subtracts 0.03 inches of precipitable water at 80.0F
The transposition storm elevation at 400 which subtracts 0.12 inches of precipitable water at T9.5F
The Grid point/inflow barrier height is 400 which subtracts 0.12 inches of precipitable water at 79.5F
The in-place maximization factor is 121 Motes:
The transposition factor is 0.95
The elevation barrier adjustment factor is 1.00
The total adjustment factoris 1.15
|Observed Storm Depth-Area Duration
6 Hours : 12 Hours 18 Hours 24 Hours | 30Hours | 36 Hours | 48 Hours | 60 Hours | 72 Hours
10 sg miles 10.9 128 14.8 16.1 - 18.6 220 - 224
100 sq miles 7.9 11.9 13.7 14.9 - 17.5 202 - 21.1
200 sg miles 7.4 11.5 13.5 143 - 17.0 20.2 - 20.7
300 sg miles 6.7 10.2 12.3 132 - 16.2 19.5 - 19.8
1000 sq miles 6.0 9.2 111 12.0 - 15.5 18.1 - 18.9
2000 sg miles 53 8.1 9.5 10.3 - 144 16.5 - 17.7
3000 sg miles 3.9 6.7 8.0 9.1 - 12.3 147 - 149
10000 sq miles 32 5.6 6.0 8.1 - 10.4 114 - 1.6
20000 sq miles 25 4.5 5.6 6.0 - 8.5 10.3 - 11.1
Adjusted Storm Depth-Area-Duration
6 Hours : 12 Hours 18 Hours 24 Hours : 30Hours : 36 Hours ; 48 Hours : 60 Hours : 72 Hours
10 sg miles 125 14.7 17.0 18.5 - 21.4 252 - 25.7
100 sq miles 9.1 13.7 15.7 17.1 - 20.1 232 - 242
200 sg miles 8.4 13.2 154 16.4 - 19.5 232 - 237
300 sg miles 7.7 11.7 142 152 - 18.6 214 - 228
1000 sg miles 6.9 10.6 12.7 138 - 17.9 20.8 - 217
2000 sq miles 6.1 0.3 10.9 11.8 - 16.6 19.0 - 20.4
3000 sq miles 4.5 7.7 0.2 10.4 - 14.1 16.9 - 17.1
10000 sg miles 3.6 6.4 8.0 0.3 - 11.9 14.2 - 14.4
20000 sq miles 1.8 5.2 6.4 7.9 - 9.7 11.8 - 1.7
Storm or Storm Center Name SPAS 1182 Larto Lake, LA
Storm Date(s) 9/1-3/2008
Storm Type Tropical Storm  Gustay
Storm Location 312N 0213 W
Storm Center Elevation 30
|Precipitation Total & Duration (10 sq mi) 2331 inches in T2hrs
Storm Representative Td 76.0F
Storm Representative Td Location 30.00N S400W A
IIn-place Maximum Td 300F 79
|7 oisture Inflow Vector SW @ 150
|In-p1ac & Maximization Factor
Temporal Transposition (Date) 13-Aug
Transposition Dewpoint Location MI0N 05.10W A
Transposition Maxmum Td 795F 78.5
Transposition Adjustment Factor
Grid Point Elevation 400
|Highest Elevation in Basin 14344
|Enflow Basrier Height NA
Elevation Adjustment Factor
Total Adjustment Factor 1.15

Appendix F: Table F.12: Storm spreadsheet for Larto Lake, LA, September 1, 2008
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Storm 1182 - September 1 (0100 UTC) to September 5 (0000 UTC), 2008
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
Area (mi%) 1 3 6 12 18 24 36 43 72 96 Total
0.40 6.35 9.89 11.34 13.44 15.26 16.55 19.37 22.93 233 233 233
1 6.15 9.65 11.08 13.02 14.80 16.10 18.75 2217 22 60 22 60 22 60
10 590 942 10.91 12.80 14.80 16.10 18.59 2198 2237 22 48 22 48
25 525 8.82 10.29 12.56 1426 15.51 18.29 21.66 22.03 2210 2210
50 4564 8.03 942 12.09 14.24 1517 17.89 21.00 2134 2156 2156
100 3.58 6.92 7.88 11.94 13.66 14 85 17 47 2021 211 2128 21.28
150 285 572 744 11.70 13.60 14.32 1711 20.20 20.89 21.01 21.01
200 27 5.61 7.35 11.46 13.45 14.29 16.99 2019 20.67 20.73 20.73
300 223 510 715 11.15 13.09 13.79 16.72 20.03 20.25 20.39 20.39
400 2.20 4.74 6.96 10.84 12.75 13.45 16.45 19.77 20.04 2013 2013
500 217 4.61 6.70 10.22 12.32 13.20 16.21 19.51 19.83 19.87 19.87
1,000 1.78 3.93 6.00 9.23 11.08 12.01 15.54 18.07 18.90 18.98 18.98
2,000 1.36 3.00 5.27 8.09 9.47 10.25 14.42 16.52 17.74 17.75 17.75
5.000 1.02 248 3.92 6.66 7.99 9.05 12.30 14.67 14.86 15.67 15.67
10,000 0.79 1.91 3.16 5AT 6.93 8.06 10.39 12.35 12.57 13.85 13.85
20,000 0.44 1.35 247 452 b5 6.89 8.47 10.31 11.06 11.87 11.87
50,000 0.23 0.71 1.36 2.68 3.78 4.64 6.20 7.63 5.86 9.05 9.05
97,260 0.12 0.23 0.34 0.67 222 2.90 3.98 4.89 5.86 5.94 5.94

Appendix F: Table F.13: Depth-area-duration values for Larto Lake, LA, September 1, 2008
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Appendix F: Figure F.16: Depth-area-duration chart for Larto Lake, LA, September 1, 2008
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Appendix F: Figure F.17: Mass curve chart for Larto Lake, LA, September 1, 2008
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Appendix F: Figure F.18 Total storm isohyetal analysis for Larto Lake, LA, September 1, 2008
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Fall River, KS, AWA 5

June 30, 2007
Storm Type: Frontal/ MCC
Grid Points Used: 1-4, 8-11, 16-18
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[Storm Name: SPAS 1228 Fall River, KS
[Storm Date: 6/28/2007 - 7/2/2007 Storm Adjustment for ANO Grid Point 1
|AWA Analvsis Date: :12/13/2013
Temporal Transposition Date 15-Jul
Lat Long Moisture Inflow Direction S @ 460 miles
Storm Center Location 3763 N 96.05'W Grid Point Elevation 350 feet
Storm Rep Dew Point Location 3L00N 95.50' W Storm Center Elevation 200 feet
Transposition Dew Point Location 36.10 N 92.00 W Storm Rep Analysis Duration 24 hours
Grid Point Location 3531N 9323 W
The storm representative dew pointis  76.5F with total precipitable water above sealevel of 3.07  inches.
The in-place mamimum dew pointis  80.0F with total precipitable water above sealevel of 3.60  inches.
The transpositioned maximum dew pointis  80.5F with total precipitable water above sealevel of 3.68  inches.
The in-place storm elevation is 200 which subtracts 0.21 inches of precipitable water at 76.5F
The in-place storm elevation is 200 which subtracts 027 inches of precipitable water at 800F
The transposition basin elevation at 350 which subtracts 0.30 inches of precipitable water at 80.5F
The grid point/inflow barmier heightis 1,000 which subtracts 0.30 inches of precipitable water at 80.5F

The in-place storm maximization factor is 1.17 Notes: DAD values taken from SPAS 1228, Storm representative
The transposition/elevation to basin factor is 1.02 dew point value was based on maximum 24-hr Td values between
The barrier adjustment factor is 1.00 June 27-28, 2007 at KDKR. and KUTS.
The total adjustment factor is 1.18
|Observed Storm Depth-Area-Durati

1 Hours 3 Hours 6 Hours 12Howrs : 18 Hours : 24 Howrs : 36 Howrs : 48 Howrs @ 72 Hours

1 =g miles 4.6 6.4 8.9 11.0 14.4 14.5 17.2 22,1 248

10 =g miles 4.2 6.3 8.8 10.7 13.8 13.9 17.1 21.9 24.8

100 =g miles 31 51 7.6 10.2 127 13.0 15.7 18.1 2.7

200 =q miles 2.8 4.7 7.0 2.6 11.8 11.9 148 17.1 20.7

300 =g miles 22 3s 5.9 8.4 10.4 10.7 13.2 15.5 19.2

1000 sg miles 1.6 33 4.8 7.2 9.0 10.0 121 14.2 18.1

2000 sq miles 1.1 24 3.9 6.0 7.8 2.0 10.8 12.6 16.0

3000 sq miles 0.7 1.8 2.9 4.7 6.3 6.4 9.0 10.4 13.7

10000 sg miles 0.4 1.4 2.2 a7 5.1 6.0 7.5 8.7 11.1

20000 sg miles 0.2 0.6 1.5 2.7 3.8 4.6 5.7 7.0 9.2

Adjusted Storm Depth-Area-Duration

1 Hours 3 Hours 6 Hours 12Howrs : 18 Hours | 24 Howrs : 36 Hours ;| 48 Howrs : 72 Hours

1 sg miles 5.4 7.6 10.5 13.0 17.0 17.1 204 26.2 204

10 sq miles 4.9 7.5 10.4 12.7 16.3 16.4 20.2 25,9 204

100 sg miles a7 6.1 2.0 12.1 151 15.4 18.6 21.5 25,7

200 sq miles 33 5.5 8.3 11.4 13.9 14,1 17.5 20.2 244

300 sg miles 2.6 4.2 6.9 2.9 12.3 12.6 157 18.4 22.7

1000 sg miles 1.9 3.0 5.6 8.5 10.7 11.9 14.4 16.8 215

2000 sq miles 1.3 2.8 4.6 7.1 9.3 10.6 128 14.9 19.0

5000 sq miles 0.8 22 3.5 5.6 7.4 7.5 10.6 12.3 16.3

10000 sq miles 0.5 1.7 2.5 44 6.0 7.1 8.9 10.2 131

20000 sq miles 0.3 0.7 1.8 3.2 4.5 5.4 6.7 8.2 10.9

Storm or Storm Center Name

SPAS 1228 Fall River, KS

Storm Date(s) 6/28/2007 - 7/2/2007
Storm Type Synoptic

Storm Location 316N 96.05 W
Storm Center Elevation 200

|Precipitation Total & Duration

25.50 Inches 25-hours

Storm Bepresentative Dew Point W63F 24
Storm Bepresentative Dew Point Location LN 0330w
Maximum Dew Paint 80.0F
Moisture Inflow Vector S @ 460 Miles
|In-place Maximization Factor 1.17
Temporal Transposition (Date) 15-Tul
Transposition Dew Point Location 36.10N Q2.00W
Transposition Maximum Dew Point 803 F
Transposition Adjustment Factor 1.02
Grid Point Elevation 330
|Eighest Elevation in Basin 14344
|mflow Barmier Height 1000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.18

Appendix F: Table F.14:
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Storm 1228 - June 28 (0200 UTC) - July 2 (0000 UTC), 2007
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration {hours)

Area :miz} 1 2 3 6 12 18 24 36 45 [ Total
0.4 4 68 f.84 6.6 812 11.37 1472 1491 17.72 22 66 2643 2650
1 456 57 6.41 6.86 10.99 14 35 14 46 17.2 22.09 24 84 24.90
10 416 55 6.31 8.81 10.69 13.76 13.89 17.08 21.88 24 .84 24.90
25 378 499 6.02 8.51 10.63 13.66 13.85 16.71 20.96 23.86 2410
50 3.5 4. 66 558 817 10.53 13.31 13.53 16.24 19.81 22 .86 2318
100 314 426 512 764 10.22 12.73 13.1 15.68 18.13 21.74 221
150 29 4 41 728 993 12.22 12 58 14 89 17.65 2116 21.69
200 276 3.83 4 65 6.99 9.61 1177 11.94 14.76 17.05 20.65 21.28
300 249 3.54 44 6.5 9.14 11.07 11.13 14.05 16.39 20.02 2049
400 233 3.35 411 6.15 8.67 10.39 11.07 13.73 16.03 19.53 2017
500 216 3.18 352 587 8.36 10.36 10.65 13.24 16.63 1921 19.84
1,000 157 2.66 329 476 7.18 9.02 10.04 12.13 1417 18.13 18.71
2,000 1.14 1.79 237 3.92 6.03 7.83 8.95 10.82 12.62 16.03 17.37
2,000 069 1.29 1.83 2.92 473 6.29 6.35 8.96 10.39 13.73 1517
10,000 041 1 14 215 3.74 509 6.01 75 8.72 11.08 13.09
20,000 026 048 0.63 1.48 273 379 4 55 5 68 6.95 918 10.66
50,000 014 0.25 0.34 0.68 1.24 1.84 21 3.02 3.82 521 6.63
65,761 012 0.23 0.31 0.55 1.03 1.48 1.67 251 3.15 4.44 510
Appendix F: Table F.15: Depth-area-duration values for Fall River, KS June 30, 2007
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Appendix F: Figure F.19: Depth-area-duration chart for Fall River, KS June 30, 2007
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Appendix F: Figure F.20: Mass curve chart for Fall River, KS June 30, 2007
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Appendix F: Figure F.21: Total storm isohyetal analysis for Fall River, KS June 30, 2007
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Hokah, MN, AWA 6

August 18, 2007
Storm Type: Frontal/ MCC
Grid Points Used: 8-11, 16-18
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Storm Name: Hokah, MN-SPAS 1048
Storm Date: 18-Aug-2007 Storm Adjustment for ANO Grid Point 8
AWA Analysis Date: :12/13/2013
Temporal Transposition Date 3-Aug
Lat Long Moisture Inflow Direction 385W @ 360  miles
Storm Center Location 4381 N 91.52W Grid Point Elevation 1,200 faet
Storm Rep Dew Point Location 3891N 9385 W Storm Center Elevation 1,000 feet
Transposition Dew Point Location 37.83N  0487W Storm Rep Analysis Duration 24 hours
Grid Point Location 37.50N  03.00W
The storm representative dew pointis ~ 74.0F with total precipitable water above sea level of 2.73 inches.
The in-place mavimum dew pointis = 80.5F with total precipitable water above sea level of 3.68  inches.
The transpositioned maximum dew pointis  80.0F with total precipitable water above sea level of 3.60 inches.
The in-place storm elevationis 1,000 which subtracts 0.24 inches of precipitable water at T4.0F
The in-place storm elevationis 1,000 which subtracts 0.30 inches of precipitable water at 80.5F
The transposition basin elevation at 1,200 which subtracts 0.29 inches of precipitable water at 80.0F
The Grid point /inflow barrier heightis 1,000 which subtracts 0.29 inches of precipitable water at 80.0F
The in-place storm maximization factor is 1.36 Notes: DAD values taken from SPAS 1048, 24hr ave Td
The transposition/elevation to basin factor is 0.98 from KIXD, KLXT, KMCL KMEKC, KOJC, KSTI KSZL 17th
The barrier adjustment factor is 1.00 00Z to 13th 00Z
The total adjustment factoris 1.23
|observed Storm Depth-Area Duration
1 Hour 6 Hours 12 Hours 18Hours | 24 Hows @ 30 Howrs | 36 Hours : 48 Howrs ;| 60 Howrs : 72 Hours
1 sg miles 2.12 7.6 11.6 14.6 17.1 - 17.6 18.2 - 18.3
10 sq miles 2.12 7.5 11.1 13.9 16.0 - 16.3 17.0 - 17.2
100 sqg miles 2.09 6.3 9.4 11.5 13.3 - 13.9 14.8 - 15.1
200 sq miles 2.03 6.0 8.9 11.0 12.6 - 13.4 14.2 - 14.5
300 sq miles L79 5.5 8.1 10.1 11.6 - 12.3 13.0 - 13.3
1000 sq miles L53 5.0 7.3 9.2 10.5 - 11.1 11.8 - 12.1
2000 sq miles 0.95 4.4 6.2 8.1 9.3 - 9.9 10.5 - 10.8
3000 sq miles 0.87 35 5.2 6.5 7.6 - 8.2 8.8 - 9.0
10000 sq miles 0.63 2.7 4.0 5.4 6.1 - 6.8 7.3 - 7.5
20000 sg miles 0.41 1.8 3.0 4.0 4.5 - 5.1 5.6 - 5.9
Adjusted Storm Depth-Area-Duration
1 Hour 6 Hours 12 Hours 18 Hours | 24 Hours | 30 Hours : 36Hours | 48 Hours : 60 Hours : 72 Hours
1 sg miles 18 10.0 15.5 19.4 22.7 - 233 24.2 - 243
10 sq miles 18 10.0 14.8 18.5 212 - 217 22.6 - 22.8
100 sqg miles 18 8.4 12.5 153 17.6 - 18.5 19.6 - 201
200 sq miles 2.7 8.0 11.8 14.6 16.8 - 17.8 18.9 - 19.3
300 sq miles 24 7.3 10.8 134 154 - 16.3 17.3 - 17.7
1000 sq miles 2.0 6.6 9.7 12.2 14.0 - 14.8 15.7 - 16.0
2000 sq miles 13 5.8 8.2 10.8 124 - 13.1 14.0 - 14.3
3000 sq miles 12 4.6 6.9 8.7 10.1 - 10.9 11.7 - 11.9
10000 sq miles 0.8 3.6 5.3 7.2 8.1 - 9.0 9.7 - 10.0
20000 sg miles 0.5 24 4.0 5.3 6.0 - 6.8 7.5 - 7.8
Storm or Storm Center Name Holzah, MN-SPAS 1048
Storm Date(s) 18-Aug 2007
Storm Type Synoptic Thunderstorms
Storm Location 4381N 01.52W
Storm Center Elevation 1.000
|Precipitation Total & Duration 18.93 Inches 72-hours-SPAS 1048
Storm Representative Dew Point T4O0F 24
Storm Representative Dew Point Location BN 93.85W
Maximum Dew Point 805F
Moisture Inflow Vector SEW @ 360
|In-place Maximization Factor 136
Temporal Transposition (Date) 3-Aug
Transposition Dew Point Location 3783IN METW ) A
Transposition Maximum Dew Point S00F 8035 80
Transposition Adjustment Factor 0.98
(Grid Point Elevation 1.200
|Highest Elevation in Basin 14344
|tnflow Barrier Height 1,000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.23

Appendix F: Table F.16: Storm spreadsheet for Hokah, MN, August 18, 2007
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Storm 1048 - Hokah, MN August 18 - August 21, 2007
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
Area (mi?) 1 3 6 12 18 24 36 48 72 Total
0.24 402 511 785 11.89 14 88 17.31 17 .55 16.19 18.26 1826
1 3.72 543 7.56 11.64 14.59 17.05 17.31 17.95 18.02 18.02
10 3.70 502 749 11.10 13.88 15.96 16.31 17.03 1715 17147
25 341 4.70 6.92 10.42 12.86 14.89 1634 16.23 16.45 16.46
a0 3.09 457 6.64 9.65 12.13 14.05 14 .46 15.49 16.79 15.79
100 287 437 6.33 937 11.52 13.27 13.93 14.76 1614 15.14
200 2585 4.06 6.00 8.87 10.96 12.62 13.37 14.22 14.52 14.52
300 2.35 3.85 574 8.55 10.64 12.06 12.99 13.74 14.04 14.04
500 205 3.54 547 8.13 10.11 11.60 12.27 13.01 13.29 13.30
1,000 1.67 3.07 497 7.33 917 10.51 11.13 11.84 12.09 1212
2,000 1.21 257 439 6.16 5.10 9.30 9.85 10.56 10.86 10.92
5,000 0.99 2.09 357 523 6.59 T.65 8.28 8.89 937 947
10,000 0.53 162 286 429 546 6.33 6.93 77 8.24 8.45
20,000 0.46 114 216 337 426 495 578 6.71 7.39 743
50,000 0.23 0.56 1.11 1.61 2.28 3.1 3.95 520 572 5.80
Appendix F: Table F.17: Depth-area-duration values for Hokah, MN, June 2007
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Appendix F: Figure F.22: Depth-area-duration chart for Hokah, MN, June 2007
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Appendix F: Figure F.23: Mass curve chart for Hokah, MN, June 2007
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Appendix F: Figure F.24: Total storm isohyetal analysis for Hokah, MN, June 2007
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Ogallala, NE, AWA 7

July 6, 2002
Storm Type: MCC
Grid Points Used: 5,12, 19-20
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Storm Name: Ogallala, NE
Storm Date: 06-Jul-2002 Storm Adjustment for ANO Grid Point 5
AWA Analysis Date: :12/13/2013
Temporal Transposition Date 15-Jul
Lat Long Moisture Inflow Direction: S@ 125 miles
Storm center location AMO0IN 10178 W Grid Point Elevation 3,700 feet
Storm Rep dew point location 39.34N 10197 W Storm Center Elevation 3,428 feet
Transposition dewpoint location ~ 40.56 N 101.00 W Storm Rep Analysis Duration 6 hours
Grid Point location 35.00 N 102.00 W
The storm representative dew pointis  74.5F with total precipitable water above sea level of 2.79  inches.
The in-place maximum dew pointis  8L5F with total precipitable water above sea level of 384  inches
The transpositioned manimum dew pointis  82.0F with total precipitable water above sea level of 392  inches.
The in-place storm elevationis 3,428 which subtracts  0.775 inches of precipitable water at T45F
The in-place storm elevationis 3,428 which subtracts 0.99 inches of precipitable water at 81.5F
The transposition basin elevation at 3,700 which subtracts 0.9 inches of precipitable water at 82.0F
The Grid point‘inflow barrier heightis 3,117 which subtracts 0.9 inches of precipitable water at 82.0F

The in-place storm maximization factor is 1.41 Notes: 6hr average, Td taken from KGDC and KIRT from 07
The transposition/elevation to basin factoris 106 06-2002 04Z local to 07-06-2002 11Z, DAD wvalues taken from
The barrier adjustment factor is 1.00 SPAS 1033
The total adjustment factoris 1.50
(Observed Storm Depth-Area-Duration
6 Hours 12Hours | 18Hows | 24 Hours | 30Howrs | 36Hours ;| 48 Howrs ! 60 Hours | 72 Hours
10 =g miles 12.5 144 14.4 14.5 0.0 0.0 0.0 0.0 0.0
100 =q miles 10.1 11.7 11.7 11.8 0.0 0.0 0.0 0.0 0.0
200 =g miles 8.8 10.2 10.3 10.5 0.0 0.0 0.0 0.0 0.0
300 =q miles 6.7 8.1 8.3 8.5 0.0 0.0 0.0 0.0 0.0
1000 =g miles 5.1 6.2 6.6 6.8 0.0 0.0 0.0 0.0 0.0
5000 sq miles 2.0 2.7 31 32 0.0 0.0 0.0 0.0 0.0
10000 =g miles 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20000 sq miles 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Adjusted Storm Depth-Area-Duration
6 Hours 12Hours | 18Hows | 24 Howrs | 30Howrs | 36 Hours ;| 48 Hows | 60 Hours | 72 Hours
10 sg miles 18.8 21.6 21.6 21.8 0.0 0.0 0.0 0.0 0.0
100 sg miles 15.1 17.5 17.5 17.7 0.0 0.0 0.0 0.0 0.0
200 sqg miles 13.2 15.3 154 15.7 0.0 0.0 0.0 0.0 0.0
300 sq miles 10.0 12.2 12.5 12.7 0.0 0.0 0.0 0.0 0.0
1000 sq miles 7.7 9.4 9.9 10.1 0.0 0.0 0.0 0.0 0.0
3000 sq miles 3.0 4.0 4.6 4.8 0.0 0.0 0.0 0.0 0.0
10000 sq miles 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20000 sg miles 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Storm or Storm Center Name Ogallala, NE
Storm Date(s) 6-Jul-2002
Storm Type Synoptic-Thunderstomms
Storm Location 4103 N 101.78 W
Storm Center Elevation 3428

Precipitation Total & Duration

14.82 in 24hrs from SPAS 1033

Storm Representative Dewpoint TASF

Storm Representative Dewpoint Location 3834 N 10197 W
Maximum Dewpoint 815F

Moisture Inflow Vector S@123

In-place Maximization Factor 141

Temporal Transposition (Date) 15-Jul

Transposition Dewpoint Location 4036 N 101.00 W
Transposition Maximum Dewpoint 820F

(Grid Point Elevation 3.700

Highest Elevation in Basin 14344

Transposition to Basin Adjustment Factor 1.06

Hizher of Basin Elevation - Inflow Barier Height 3117

Elevation Adjustment Factor

1.00

Total Adjustment Factor

1.50

Appendix F: Table F.18: Storm spreadsheet for Ogallala, NE, July 6, 2002
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Storm 1033 - Ogallala, NE July 6 (300 ) - July 7 (600 Z), 2002
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration {hours)

Area (mi%) 1 2 3 4 5 G 12 18 24 28 total
1 5.18 6.51 5.45 10.06 11.61 13.19 14.77 14.78 14.92 14.92 14.92
10 3.90 5.40 7.95 9.583 11.04 12.54 14.39 14.41 14.53 14.57 14.57
20 3.52 5.23 7.65 9.7 10.66 12.12 14.00 14.01 14.12 14.16 14.16
30 3.28 512 747 8.93 10.35 11.79 13.57 13.60 13.74 13.74 13.74
40 3.10 4.96 7.30 8.69 10.08 11.47 13.22 13.25 13.36 13.39 13.39
50 295 4.86 7.14 8.50 9.85 11.18 12.90 12.93 13.05 13.08 13.08
60 2.83 475 7.00 8.29 9.57 10.90 12.61 12.63 12.77 12.75 12.78
70 2.71 4.64 6.85 8.13 9.41 10.65 12.34 12.36 12.50 12.51 12.51

100 2.39 4.37 6.46 7.67 5.88 10.06 11.66 11.69 11.84 11.84 11.84
200 2.09 372 5.49 6.69 7.7a 8.79 10.22 10.30 10.46 10.46 10.46
500 1.65 2.89 4.09 5.07 6.04 6.70 8.14 5.34 8.50 8.51 8.51
1,000 1.19 2.1 3.06 3.82 4.54 51 G.24 6.59 6.75 6.76 6.76
5,000 0.41 (.84 1.11 1.40 1.72 2.00 265 3.09 3.23 3.25 3.25

Araa (mi)

Appendix F: Table F.19: Depth-area-duration values for Ogallala, NE, July 6, 2002
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Appendix F: Figure F.25: Depth-area-duration chart for Ogallala, NE, July 6, 2002
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Appendix F: Figure F.26: Mass curve chart for Ogallala, NE, July 6, 2002
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Appendix F: Figure F.27: Total storm isohyetal analysis for Ogallala, NE, July 6, 2002
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Fort Collins, CO, AWA 8

July 28, 1997
Storm Type: MCC
Grid Points Used: 6,13, 15, 21
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Storm Name: SPAS 1230 Fort Collins, CO
Storm Date: 7127-28/1997 Storm Adjustment for ANO Grid Point 6
AWA Analysis Date: :3/9/2012
Temporal Transposition Date 15-Jul
Lat Long Moisture Inflow Direction: ESE @ 100  miles
Storm center location 4055 N 105.13W (Grid Point Elevation 4,400 feet
Storm Rep dew point location 40.00 N 103.35W Storm Center Elevation 5,150 feet
Transposition dewpoint location 3816N BT4SW Storm Rep Analysis Duration 12 hours
Grid Point location 34.50N  104.00 W
The storm representative dew pointis  76.5F with total precipitable water above sealevel of 3.07  inches.
The in-place maximum dew pointis  T9.0F with total precipitable water above sea level of 3.44  inches.
The transpositioned maximum dew pointis  80.0F with total precipitable water above sealevel of 3.60  inches.
The in-place storm elevationis 5,150 which subtracts 1.17 inches of precipitable water at T6.5F
The in-place storm elevationis 5,150 which subtracts 127 inches of precipitable water at T9.0F
The transposition basin elevationat 4,400 which subtracts LXX inches of precipitable water at 80.0F
The Grid point/inflow barrier height is X which subtracts XXX inches of precipitable water at 80.0F
The in-place storm masimization factor is 1.14 Motes: DAD valves talen from SPAS 1230, Storm representative
The transposition/elevation to basin factor is " HVALUE! "‘a‘ ?mt “1"‘3 was based on manimum 12-he Td values July 28 at
The barrier adjustment factor is " HVALUE! KAKO 2nd KLIC.
The total adjustment factor is " HVALUE!
Observed Storm Depth-Area-Duration
1 Hours 2 Hours 3 Hours 4 Hours 3 Hours & Hours 12 Hours | 18 Hours {24 Hours (31 Hours 36 Hours 36 Hours
1 sq mile 4.2 5.8 7.6 8.4 9.2 9.3 2.3 11.2 23 2.7 2.7 12.8
10 sq mile 34 4.9 6.3 6.9 7.5 7.6 7.7 0.5 10.9 12.2 12.2 12.2
30 sq mile 2.2 33 4.3 4.7 5.0 51 54 7.5 9.0 10.2 10.2 10.4
100 sq miles 1.7 25 32 1.7 3.9 3.9 43 6.1 7.4 8.7 8.7 8.8
200 sq miles 0.8 1.8 24 2.7 1.8 1.9 31 4.6 5.7 6.7 6.7 6.9
300 sq miles 0.5 0.8 11 1.2 1.3 1.4 L7 22 3.0 3.7 4.2 4.2
627 sq miles 0.4 0.7 1.0 1.1 1.3 1.3 1.4 2.1 2.8 3.5 3.5 3.5
Adjusted Storm Depth-Area-Duration
1 Hours 2 Hours 3 Hours 4 Hours 3 Hours GHows | 12Hows @ 18Hows | 24 Howrs : 31 Hows | 36 Hows : 36 Hours
10 sq mile! #¥VALUE! | #VALUE! : &VALUF! | #VALUE! | #VALUE!  #VALUF! @ #VALUE! ;| #VALUE! ! &VALUF! | #VALUE! { #VALUF! ;| #VALUE!
30 sqmile! ¥VALUE! | ¥VALUE! : #VALUE! | #VALUE! | #VALUE! ' #VALUE! ' #VALUE! | #VALUE! | #VALUE! | #VALUE! | #VALUE! ;| #VALUE!
100 sq miles! #VALUE! | #VALUE! | &VALUF! | &#VALUF! | #VALUE! ' #VALUE! @ #VALUE! ;| #VALUE! | #VALUF! | #VALUE! | #VALUF! | #VALUE!
200 sqmiles! #VALUE! @ #VALUE! ' #VALUE! | #VALUE! & #VALUE! { #VALUE! | #VALUE! @ #VALUE! | #VALUE! | #VALUE! | #VALUE! : #VALUE!
300 sq miles! #VALUE! | #VALUF! | &VALUE! | &#VALUF! {#VALUE! ' #VALUE! @ #VALUE! ;| #VALUE! | &VALUF! | #VALUE! { #VALUF! ;| #VALUE!
627 sqmiles! ¥VALUE! | #VALUE! { #VALUE! | #VALUE! | #VALUE! | #VALUE! | ¥VALUE! | #VALUE! | #VALUE! ! ¥VALUE! | #VALUE! ;| #VALUE!
Storm or Storm Center Name SPAS 1230 Fort Collins, CO
Storm Date(s) 1/27-28/1997
Storm Type Convective
Storm Location 4033 N 105.13W
Storm Center Elevation 3,130
Precipitation Total & Duration 14.48 inches in 36 Hours
Storm Representative Dewpoint 165F 12
Storm Fepresentative Dewpeint Location 40.00 N 10335 W July Aug
Maximum Dewpoint 190F 78.78 8.6
DMoisture Inflow Vector ESE @ 100
In-place Maximization Factor 1.14
Temporal Transposition (Date) 15-Tul
Transposition Dewpoint Location 38.16N BTASW July Aug
Transposition Mammum Dewpoint 80.0F
Transposition Adjustment Factor "¥VALUE!
(Grid Point Elevation 4400
Highest Elevation in Basin 14,344
Inflow Barrier Height ey
Elevation Adjustment Factor "UVALUE!
Total Adjustment Factor ¥VALUE!

Appendix F: Table F.20: Storm spreadsheet for Fort Collins, CO, July 28, 1997
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Storm 1230 - July 27 (1700 UTC) - July 30 (0000 UTC), 1997

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration fhours)
Area mi’) 1 2 3 1 5 § 12 18 M M 36 5% Tatal
[ 4.56 6.76 B4 5.3 10.13 10.24 .26 12.85 13.72 14.48 14.48 14,48 14.48
1 1.2 5.16 (3] a1 517 8.3 928 1A 123 121 2.1 12.83 12.83
] 343 a8 LrL] 5% .53 T.63 163 943 0.5 LAl 1247 1118 1213
P 16| & L] 58 (7] [ .46 [XF] [N (K] (1] (K] I
50 217 iH 4.2 455 5,04 El] 338 .51 9,03 10,19 10.12 1043 1943
] 167 ] 318 ¥ 186 T (¥ 609 ] FHL 8.1 E18 (KD
150 1.28 114 .71 31 118 1% 161 4.89 [E1] 7,61 751 7.78 7.78
200 B.82 &1 238 .72 L84 5 306 4.55 5.73 E.T4 6.74 654 B.54
300 058 12 1,56 15 ] 215 249 159 1.06 4.88 5.4 578 578
4 (1] 083 1.17 1.2 1.7 1.4 143 .95 176 4,63 458 4.88 458
500 Q.45 0.3 109 118 1.26 137 167 FAL 3 368 498 .22 1%
(] 0.39 073 1 1 1% 1.3 142 PRI XL 145 145 a8 34

Appendix F: Table F.21:

Depth-area-duration values for Fort Collins, CO, July 28, 1997
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Appendix F: Figure F.28: Depth-area-duration chart for Fort Collins, CO, July 28, 1997
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Appendix F: Figure F.29: Mass curve chart for Fort Collins, CO, July 28, 1997
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Appendix F: Figure F.30: Total storm isohyetal analysis for Fort Collins, CO, July 28, 1997
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Pawnee Creek, CO, AWA 9

July 29, 1997
Storm Type: MCC
Grid Points Used: 5-6,12, 15, 19-20
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Storm Name: Pawnee Creel, CO
Storm Date: 28 Jul-1097 Storm Adjustment for ANO Grid Point 3
AWA Analvsis Date: :12/17/2013
Temporal Transposition Date 15-Jul
Lat Long Moisture Inflow Direction: SE@ 215N  miles
Storm center location 407N 103.63 W Grid Point Flevation 3,700 feat
Storm Rep dew point location 39.20N  100.15W Storm Center Elevation 4,500 feet
Transposition dewpoint location =~ 41.43 N 98.96 W Storm Rep Analysis Duration 6 hours
Grid Point location 35.00 N 102.00 W
The storm representative dew pointis  75.5F with total precipitable water above sea level of 202  inches.
The in-place maximum dew pointis  8LO0OF with total precipitable water above sea level of 376  inches.
The transpositioned maximum dew point is 825 with total precipitable water above sea level of 384  inches.
The in-place storm elevationis 4,500 which subtracts 1.02 inches of precipitable water at T55F
The in-place storm elevationis 4,500 which subtracts 1.22 inches of precipitable water at 81.0F
The transposition basin elevationat 3,700 which subtracts 1215 inches of precipitable water at 825
The Grid point/inflow barrier heizhtis 4,432 which subtracts 1215 inches of precipitable water at 815

Precipitation Total & Duration

13.38" from SPAS 1037, 13.7 Inches 12-hours Colorado Climate Center report,

Storm Representative Dewpoint 133F ]

Storm Representative Dewpoint Location 39.20N 10015 W
Mazximum Dewpoint S810F

Moisture Inflow Vector SE @ 215 Miles
In-place Maximization Factor 134

Temporal Transposition (Date) 15-Jul

Transposition Dewpoint Location 4143 N 98.96 W
Transposition Maximun Dewpoint 823

(Grid Point Elevation 3,700

Highest Elevation in Basin 14344
Transposition to Basin Adjustment Factor 1.03

Higher of Basin Elevation - Inflow Barrier Heizht 4 432

Elevation Adjustment Factor

1.00

Total Adjustment Factor

1.38

The in-place storm maximization factor is 1.34 Notes: DAD values taken from SPAS 1036. Storm Rep Td Ave of KHLC
The transposition/elevation to basin factor is 1.03 19Z/28th-01Z/2%h, KHYS 21Z/28th-027/20th, KGLD 00Z-
The barrier adjustment factor is 1.00 03Z/28th, original storm
The total adjustment factor is 1.38
|Observed Storm Depth_Area Duration
6 Hours 12Hours : 18Hows : 24 Howrs | 30 Howrs ;| 36 Hours ;| 48 Hows | 60 Hours | 72 Hours
10 sq miles 123 132 0.0 0.0 0.0 0.0 0.0 0.0 0.0
100 =q miles 9.5 11.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200 sq miles 8.0 9.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
300 =q miles 6.0 73 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1000 sq miles 4.7 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5000 =q miles 1.7 2.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0
10000 =q miles 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20000 sq miles 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Adjusted Storm Depth-Area-Duration
6 Hours 12Hours | 18Hows : 24 Howrs | 30 Howrs | 36 Hours ;| 48 Hows ! 60 Hours : 72 Hours
10 sq miles 16.9 18.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
100 =q miles 13.2 153 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200 sq miles 111 132 0.0 0.0 0.0 0.0 0.0 0.0 0.0
300 =q miles 8.3 10.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1000 sq miles 6.5 8.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5000 =q miles 2.3 3.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0
10000 sq miles 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20000 sq miles 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Storm or Storm Center Name Pawnee Creek, CO
Storm Date(s) 28-Jul-1997
Storm Type MCC-Thunderstorms
Storm Location 4078 N 10363 W
Storm Center Elevation 4500

Appendix F: Table F.22: Storm spreadsheet for Pawnee Creek, CO, July 29, 1997
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Storm 1036 - Pawnee Creek, CO July 29 - 30, 1997
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)

Area (mi?) 1 2 3 4 5 6 12 17 total
1 5.20 8.02 960 1090 1212 1283 1358 1358 1358

10 472 751 9.03 1043 1161 1226 1322 1323 1323
100 3.05 5.09 6.46 7 46 8.70 953 11.06 1107 1107
200 2.41 4.07 5.20 6.13 7.21 8.00 g 54 g 55 9 55
500 1.91 3.04 357 4.62 528 6.02 7.31 7.42 7.42
1,000 1.45 229 278 3.72 4.18 4.69 597 6.01 6.01
5,000 0.53 0.76 0.95 1.24 1.48 167 2 63 2 67 267

Appendix F: Table F.23: Depth-area-duration values for Pawnee Creek, CO, July 29, 1997
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Appendix F: Figure F.31: Depth-area-duration chart for Pawnee Creek, CO, July 29, 1997
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Appendix F: Figure F.32: Mass curve chart for Pawnee Creek, CO, July 29, 1997
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Appendix F: Figure F.33: Total storm isohyetal analysis for Pawnee Creek, CO, July 29, 1997
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Aurora College, IL, AWA 10

July 16, 1996
Storm Type: Frontal/ MCC
Grid Points Used: 1-3, 8-10, 16-17
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Storm Name: SPAS 1029-Aurora College, IL
Storm Date: 17-Jul-1996 Storm Adjustment for ANO Grid Point 1
AWA Analysis Date: 112/13/2013
Temporal Transposition Date 15-Jul
Lat Long Moisture Inflow Direction SW@ 300  miles
Storm Center Location 4146N  B3.0TW Grid Point Elevation 350 feet
Storm Rep Dew Point Location 3863N 9224W Storm Center Elevation 650 feet
Transposition Dew Point Location 32.61N  26.54 W Storm Rep Analysis Duration 24 hours
Grid Point Location 3531N 0323 W
The storm representative dew pointis  74.0F with total precipitable water above sea level of 2.73  inches.
The in-place maximum dew pointis  80.5F with total precipitable water above sea level of 3.68  inches.
The transpositioned maximum dew pointis 805 F with total precipitable water above sea level of 3.68  inches.
The in-place storm elevation is 650 which subtracts ~ 0.16 inches of precipitable water at T40F
The in-place storm elevation is 650 which subtracts 0.20 inches of precipitable water at 80.5F
The transposition basin elevation at as0 which subtracts 0.20 inches of precipitable water at 80.5F
The Grid Point Inflow Barrier heightis 1,000 which subtracts 0.30 inches of precipitable water at 80.5F
The in-place storm maximization factor is 1.35 Notes: DAD values taken from SPAS 1029, 24hr average Td
The transposition/elevation to basin factor is 0.97 from 07-17-86 0000 CDT to 07-17-86 2300 CDT.
The bartrier adjustment factor is 1.00
The total adjustment factor is 1.32
|Observed Storm Depth-Area-Duration
1 Hour 6 Hours 12 Hours 18 Hours : 24 Hours | 30Hours : 36 Hours | 48 Hours : 60 Hours | 72 Hours
1 sq miles 6.1 144 15.4 17.3 17.6 - 17.6 - - -
10 sg miles 5.9 14.0 15.1 17.2 17.2 - 17.5 - - -
100 sq miles 4.3 12.1 13.4 15.6 16.0 - 16.1 - - -
200 sg miles 3.6 10.4 12.5 14.6 15.1 - 15.1 - - -
300 sq miles 3.1 9.0 10.9 12.8 13.1 - 134 - - -
1000 sg miles 25 7.9 9.7 11.0 11.2 - 121 - - -
3000 sg miles 1.6 4.8 6.2 7.8 8.1 - 8.4 - - -
10000 sq miles 0.7 35 5.0 6.1 6.6 - 7.0 - - -
20000 sg miles 0.4 1.6 3.6 4.6 5.2 - 5.4 - - -
Adjusted Storm Depth-Area-Duration
1 Hour 6 Hours 12 Hours 18 Hours ;| 24 Hours ;| 30Hours : 36 Hours | 48 Hours ; 60 Hours : 72 Hours
1 sq miles 8.0 18.9 20.2 22.8 23.1 - 232 - - -
10 sg miles 7.7 184 19.8 22.6 22.6 - 23.0 - - -
100 sq miles 5.7 1509 17.6 20.5 211 - 211 - - -
200 sg miles 4.8 13.6 16.4 10.2 19.9 - 19.9 - - -
300 sq miles 4.1 11.8 14.3 16.8 17.2 - 17.7 - - -
1000 sg miles 32 10.4 12.8 14.5 14.7 - 16.0 - - -
3000 sq miles 2.1 6.3 8.1 10.3 10.6 - 11.0 - - -
10000 sq miles 0.9 4.6 6.5 8.0 8.6 - 9.2 - - -
20000 sg miles 0.5 2.1 4.7 6.0 6.8 - 7.2 - - -
Storm or Storm Center Name SPAS 1029-Aurora College, IL:
Storm Date(s) 17-Tul-1996
Storm Type Synoptic-Thunderstorms
Storm Location 4146 N 88.07 W
Storm Center Elavation 630
|Precipitation Total & Duration 18.13 in 2dhrs from SPAS 1286
Storm Representative Dew Point T40F 4
Storm Representative Dew Point Location 3863 N 24w
Maximum Dew Point 805F
Moisture Inflow Vector SW @ 300
|in-place Maximization Factor 135
Temporal Transposition (Date) 15-Tul
Transposition Dew Point Location B6IN 96.54 W
Transposition Maximum Dew Point 803F
Transposition Adjustment Factor 0.97
Grid Point Elevation 330
|Highest Elevation in Basin 14,344
[inflow Barrier Height 1,000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.32

Appendix F: Table F.24: Storm spreadsheet for Aurora College, IL, July 16, 1996
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Storm 1286 - Aurora, IL July 17- 18, 1996
MAXIMUM AVERAGE DEFTH OF PRECIPITATION [INCHES)

Duration (howrs)

Area fmi) 1 2 3 4 5 [ 12 18 M total {36t
L 606 445 1135 14,38 15 35 17,33 17.50 1764
10 589 Bdb 1054 1402 1505 17.15 17 18 17.51
-] 554 B.0% 10.47 13 44 14.38 16.81 16.96 17.04
50 503 110 9,49 1297 14.04 1618 16.61 15,61
100 4N 743 9.28 1211 1342 15 50 16:04 1606
150 376 671 8.8 11.28 1294 14.94 15 53 15.58
200 154 B.37 T45 1037 12.46 14 55 15 12 1514
W00 146 561 7.38 6] "7 13 59 14 04 14.42
A0 123 445 6&7 9.2 1M 13.08 1324 13,86
s00 113 g 520 8458 10.87 12.76 1310 1343

1,000 245 407 5 40 79 972 11.04 11.18 1213
2,000 208 326 456 553 8.50 950 89 67 10.56
5,000 158 268 126 470 615 TB2 B0S i
10,004 0.55 1.40 1.73 351 4.98 BOT 685 T
20,000 041 0&7 1.05 155 357 455 518 544
36,456 0.32 .57 0.32 138 23 3100 343 361

Appendix F: Table F.25: Depth-area-duration values for Aurora College, IL, July 16, 1996
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Appendix F: Figure F.34: Depth-area-duration chart for Aurora College, IL, July 16, 1996
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Appendix F: Figure F.35: Mass curve chart for Aurora College, IL, July 16, 1996
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Appendix F: Figure F.36: Total storm isohyetal analysis for Aurora College, IL July 1996
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Minneapolis, MN, AWA 11

July 23, 1987
Storm Type: MCC
Grid Points Used: 8-11, 16-18
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Storm Name: Minneapolis, MN SPAS 1210
Storm Date: July23-24,1987 Storm Adjustment for ANO Grid Point 8
AWA Analysis Date: :12/13/2013
Temporal Transposition Date 15-Jul
Lat Long Moisture Inflow Direction WSW @ 90 miles
Storm Center Location 44,80 N 93,40 W Grid Point Elevation 1,200 feet
Storm Rep Dew Point Location 4454 N 95.16 W Storm Center Elevation 200 feet
Transposition Dew Point Location 4238 N 9428 W Storm Rep Analysis Duration 6 hours
Grid Point Location 37.50N  93.00W
The storm representative dew pointis  T8.0F with total precipitable water above sea level of 329 inches.
The in-place maxvimum dew pointis  81.5F with total precipitable water above sea level of 383  inches.
The transpositioned maximum dew pointis  82.0F with total precipitable water above zea level of 391  inches.
The in-place storm elevation is 200 which subtracts 0.25 inches of precipitable water at 78.0F
The in-place storm elevation is 200 which subtracts 0.29 inches of precipitable water at 81.5F
The transposition basin elevationat 1,200 which subtracts 0.31 inches of precipitable water at 820F
The Grid point/inflow barrier heightis 1,000 which subtracts 0.31 inches of precipitable water at 82.0F
The in-place storm maximization factor is 1.16 MNotes: Storm representative dew point value was based on maximum 6-
The transposition/elevation to basin factor is 1.02 hr Td "EIIES_MF 23, 193? at Redwood Falls, MN. Th\ was 'rmt =h
The barrier adjustment factor is 1.00 EPRI :.malys\s. The T4 climatology mf'ip'? p-rcxiu:ad during the Nebraska
statewide PMP study were used to maximizad this svent.
The total adjustment factor is 1.18
|Observed Storm Depth-Area Duration
1 Hours 3 Hours 6 Hours 12Hours | 18 Hours | 24 Hours | 36 Hours 48 Hours 72 Hours
1 sq miles 5.0 0.8 11.1 11.3 11.4 11.4 11.4 11.4 11.0
10 sq miles 4.3 8.7 10.7 11.2 11.3 11.3 11.3 11.3 11.0
100 sqg miles 3.0 7.3 9.4 10.1 10.2 10.2 10.2 10.2 10.9
200 sq miles 2.6 6.6 8.5 9.3 9.3 9.4 9.4 9.4 10.0
300 sq miles 2.1 5.3 7.0 7.6 7.9 8.0 8.0 8.0 8.6
1000 sq miles 1.6 4.1 5.8 6.6 6.7 6.8 6.8 6.8 7.3
2000 sq miles 11 2.9 4.5 5.5 5.5 5.6 5.6 5.6 5.9
3000 sq miles 0.7 L5 2.7 .6 3.6 3.8 3.8 3.8 4.1
10000 sq miles 0.4 0.9 1.9 2.5 2.6 2.6 2.6 2.6 2.8
20000 sg miles - - - - - - - - -
Adjusted Storm Depth-Area-Duration
1 Hours 3 Hours 6 Hours 12 Hours | 18 Hours @ 24 Hours | 36 Hours 48 Hours 12 Hours
1 sg miles 5.9 11.5 13.2 134 13.5 13.5 13.5 13.5 14.1
10 sq miles 5.0 10.3 12.6 13.3 13.3 13.3 13.3 13.3 14.1
100 sqg miles 3.6 8.6 11.1 11.9 12.0 12.0 12.1 12.1 12.9
200 sq miles 3l 7.8 10.0 10.9 11.0 11.1 111 11.1 11.9
300 sq miles 2.5 6.3 8.3 9.0 9.3 9.4 9.5 9.5 10.1
1000 sg miles 1.9 4.8 6.9 7.8 7.9 8.0 8.1 8.1 8.6
2000 sq miles 13 34 5.3 6.5 6.6 6.6 6.6 6.6 7.0
3000 sq miles 0.8 L8 a2 4.3 4.3 4.5 4.5 4.5 4.8
10000 sq miles 0.4 L1 22 0 31 31 31 3l 33
20000 sg miles - - - - - - - - -

Storm or Storm Center Name

Minneapolis, MN SPAS 1210

Storm Date(s) July 23-24, 1987

Storm Type MCC

Storm Location 4480 N 03.40W
Storm Center Elevation 900

|Precipitation Total & Duration

12.13 Inches 72-hours

Storm Representative Dewpoint 180F
Storm Representative Dewpoint Location 454N 03.16 W
Maximum Dewpoint 813F
Moisture Inflow Vector WEW @ 20
Jin-place Maximization Factor 1.16
Temporal Transposition (Date) 15-Jul
Transposition Dewpoint Location 4238N 9428 W
Transposition Maximum Dewpoint 820F
Transposition Adjustment Factor 1.02
(Grid Point Elevation 1,200
|Eighest Elevation in Basin 1434
|inflow Barrier Height 1,000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.18

Appendix F: Table F.26: Storm spreadsheet for Minneapolis, MN July 23, 1987
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Storm 1210 - July 23 (0700 UTC) - July 24 (1800 UTC),1987
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration {hours)
Area (mi’) 1 2 3 6 12 15 24 36 43 72 Total
0 5.16 5.19 10 11.24 11.5 11.54 11.55 11.55 11.55 12.13 12.13
1 497 7.99 9.75 11.12 11.34 11.41 11.42 11.42 11.42 11.96 11.96
10 4.25 7.27 8.72 10.65 11.24 11.27 11.28 11.28 11.28 11.91 11.91
25 3.78 6.76 5.04 10.36 10.96 10.98 11.01 11.05 11.05 11.68 11.68
50 34 6.33 7.76 9.96 10.67 10.7 10.73 10.75 10.75 11.39 11.39
100 3.03 58 7.3 9.39 10.07 10.16 10.17 10.21 10.21 10.87 10.87
150 273 543 6.9 8.58 9.66 9.7 9.75 9.78 9.78 10.43 10.43
200 26 512 6.56 8.47 9.25 9.33 9.37 9.39 9.39 10.04 10.04
300 2.39 4.65 6.04 7.92 5.51 8.62 8.65 8.83 8.83 9.43 9.43
400 2.24 4.3 5.64 7.44 8.05 8.13 8.15 8.39 8.39 5.97 8.97
500 2.1 4.02 53 7.04 7.64 7.89 7.98 5.01 8.01 8.58 B8.58
1,000 1.59 312 4.1 5.81 6.59 6.69 6.77 6.83 6.83 7.29 7.29
2,000 1.13 2 2.91 4.49 548 5.54 5.59 5.59 5.59 5.92 5.92
5,000 0.67 1.25 1.54 272 36 36 j.g2 3.82 3.82 4.08 4.08
10,000 0.36 0.66 0.93 1.85 2.54 2.58 2.62 2.63 2.63 2.78 2.78
13,158 0.34 0.59 0.74 1.46 2.02 2.05 2.09 2.09 2.09 222 222

Appendix F: Table F.27: Depth-area-duration values for Minneapolis, MN July 23, 1987
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Appendix F: Figure F.37: Depth-area-duration chart for Minneapolis, MN July 23, 1987
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Appendix F: Figure F.38: Mass curve chart for Minneapolis, MN July 23, 1987
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Appendix F: Figure F.39: Total storm isohyetal analysis Minneapolis, MN July 23, 1987
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Big Rapids, MI, AWA 12
September 9, 1986
Storm Type: Frontal
Grid Points Used: 8-11, 16-18
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[Storm Name: SPAS126 Big Rapids, MI
|Storm Date: 9/9-12/1986 Storm Adjustment for ANO Grid Point 8
|AWA Analvsis Date: |12/13/2013
Temporal Transposition Date 1-Sep
Lat Long Moisture Inflow Direction SW i@ 230 miles
Storm Center Location 4361 N 8531W (Grid Point Elevation 1,200 feet
Storm Rep Dew Point Location 4136 N 88.68 W Storm Center Elevation 250 feet
Transposition Dew Point Location 4048 N 9591 W Storm Rep Analysis Duration 24 hours
Grid Point Location 3T.50N  93.00W
The storm representative dew pointis  TO.5F with total precipitable water above sealevel of 231  inches.
The in-place mamimum dew pointis  T7.0F with total precipitable water above sealevel of 314  inches.
The transpositioned maximum dew pointis  77.5F with total precipitable water above sealevel of 322  inches.
The in-place storm elevation is 950 which subtracts 0.21 inches of precipitable water at 70.5F
The in-place storm elevation is 950 which subtracts 0.26 inches of precipitable water at 770F
The transposition basin elevationat 1,200 which subtracts 0.28 inches of precipitable water at 775F
The Grid Point‘inflow barmier heightis 1,000 which subtracts 0.28 inches of precipitable water at 77.5F

The in-place storm maximization factor is 1.18 Notes: DAD values taken from SPAS 1206. Storm representative
The transposition/elevation to basin factor is 1.02 dew point value was based on maximum 24-hr Td values between
The barrier adjustment factor is 1.00 September 8-12, 1986 at KMDMMO. Values were selected in region
where temperature did not vary more than a 1-degres over a large
The total adjustment factor is 1.40 ared.
|Observed Storm Depth-Area Durati
1 Hours 3 Hours 6 Hours 12Hours | 18 Howrs | M4 Howrs | 36 Hours | 48 Howrs | 72 Hours
1 sq miles 2.7 4.3 4.7 6.1 7.6 0.7 11.3 11.7 13.0
10 sg miles 1.6 42 4.6 6.0 7.6 0.7 11.3 12.7 13.0
100 sq miles 22 35 3.9 58 7.5 0.4 11.2 12.7 13.0
200 sq miles 2.0 32 38 5.6 7.3 9.3 11.1 12.6 12.9
300 sq miles 17 2.7 3.6 5.4 7.1 9.0 10.9 12.3 12.6
1000 sq miles 1.4 21 34 5.2 6.9 8.6 10.7 11.9 12.2
2000 sq miles 11 1.9 3.0 4.9 6.5 8.1 10.3 11.2 11.6
3000 sq miles 0.7 1.6 2.7 4.4 6.0 7.5 9.7 10.6 10.7
10000 sq miles 0.5 1.2 22 3.8 5.3 6.6 8.7 9.5 9.5
20000 sg miles 0.3 0.9 1.6 3.1 4.2 5.4 7.4 7.9 8.1
Adjusted Storm Depth-Area-Duration
1 Hours 3 Hours 6 Hours 12Hours | 18 Hours | 24 Hours | 36 Hours @ 48 Hours | 72 Hours
1 sq miles 3.8 6.0 6.5 8.6 10.6 13.6 15.8 17.7 18.2
10 sq miles 37 5.8 6.4 8.4 10.6 13.6 15.8 17.7 18.2
100 sq miles 3l 4.9 5.5 8.1 10.4 13.2 15.6 17.7 18.2
200 sq miles 2.8 4.5 5.3 7.8 10.3 13.0 15.6 17.6 18.1
300 sq miles 24 3.8 5.0 7.5 10.0 12.6 153 17.3 17.7
1000 sg miles 2.0 3.0 4.7 7.3 9.6 12.0 15.0 16.6 17.0
2000 sq miles 1.6 2.7 4.2 6.9 9.2 11.4 14.5 15.6 16.2
5000 sq miles L0 22 a7 6.2 8.3 10.4 13.6 14.8 15.0
10000 sq miles 0.7 1.7 3l 5.3 7.4 0.3 121 134 134
20000 sq miles 0.5 1.3 2.3 4.3 5.9 7.5 10.4 11.0 11.4
Storm or Storm Center Name SPAS126 Big Rapids, MI
Storm Date(s) 9/9-12/1986
Storm Type Synoptic
Storm Location 4361N 3531w
Storm Center Elevation 950
|Precipitation Total & Duration 13.18 Inches 72-hours
Storm Bepresentative Dew Point W3F 24
Storm Bepresentative Dew Point Location 4136N 3868 W Aug Sep
Maximum Dew Paint T10F 79 45
Moisture Inflow Vector SW @230  Miles
|In-place Maximization Factor 1.38
Temporal Transposition (Date) 1-Sep
Transposition Dew Point Location 4048 N 951w Aug Sep
Transposition Maximum Dew Point TI5F 80 13
Transposition Adjustment Factor 1.02
(Grid Point Elevation 1200
|Eighest Elevation in Basin 14344
|mflow Barmier Height 1000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.40

Appendix F: Table F.28: Storm spreadsheet for Big Rapids, MI September 9, 1986
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Storm 1206 - Sep 9 (0600 UTC) - Sep 13 (0500 UTC), 1986
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHE 3)

Duration (hours)

Area (mi?) 1 3 B 12 18 24 36 48 72 96 Total
0 273 4.29 4.69 618 7.68 9.86 11.42 12.86 13.18 13.18 13.18

1 27 4.25 4.66 6.12 7.57 9.74 11.28 12.66 12.97 12.97 12.97
10 2.64 4.15 4.55 6.02 7.57 9.74 11.28 12.66 12.97 12.97 12.97
23 2.53 3.99 4.349 5.92 7.56 9.68 11.28 12.66 12.97 12.97 12.97
a0 24 3.78 4.18 5.86 7.438 9.57 11.28 12.66 12.97 12.97 12.97
100 2.23 3.52 3.92 5.75 7.45 9.44 1117 12.66 12.97 12.97 12.97
120 2.12 3.35 377 5.66 7.39 9.35 11.14 12.63 12.96 12.96 12.96
200 2.03 3.21 377 5.6 7.33 9.28 1.1 12.59 12.91 12.91 12.91
300 1.89 299 3.68 5.48 7.28 9.16 11.04 12.5 12.62 12.62 12.62
400 1.78 282 3.61 5.43 7.22 9.07 10.98 12.41 12.67 12.73 12.73
500 1.69 269 3.87 5.37 7.12 .96 10.92 12.33 12.63 12.65 12.65
1,000 1.42 213 3.36 5.18 6.87 §.58 10.69 11.86 1217 12.23 12.23
2,000 1.12 1.9 3.03 4.9 6.54 8.13 10.33 A7 11.55 11.61 11.61
5,000 0.68 1.55 2.66 4.39 5.96 7.45 9.71 10.56 10.72 10.75 10.75
10,000 0.52 1.23 2.24 3.79 5.27 6.61 8.67 9.54 9.54 9.7 9.7
20,000 0.33 0.9 1.63 3.08 4.23 5.36 7.39 7.86 8.13 8.17 8.17
38,326 0.22 0.6 1.07 202 2.87 373 513 572 5.88 5.88 5.88

Appendix F: Table F.29: Depth-area-duration values for Big Rapids, MI September 9, 1986

Appendix F: Figure F.40: Depth-area-duration chart for Big Rapids, MI September 9, 1986
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Appendix F: Figure F.41: Mass curve chart for Big Rapids, MI September 9, 1986
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Appendix F: Figure F.42: Total storm isohyetal analysis for Big Rapids, MI September 9, 1986
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Cheyenne, WY, AWA 13

August 1, 1985
Storm Type: Thunderstorm
Grid Points Used: 6,13, 15, 21
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[Storm Name: SPAS 1213 Chevenne, WY
|Storm Date: 8/01/1985 Storm Adjustment for ANO Grid Point 6
|AWA Analysis Date: :12/17/2013
Temporal Transposition Date 15-Jul
Lat Long Moisture Inflow Direction: S@o9s miles
Storm center location 4114 N  104.82'W (Grid Point Elevation 4,400 feet
Storm Rep dew point location 39.80N 10500 W Storm Center Elevation 6,100 feet
Transposition dewpoint location 3816 N 8745W Storm Rep Analysis Duration 6 hours
Grid Point location 34.50N 10400 W
The storm representative dew pointis  77.0F with total precipitable water above sealevel of 314  inches.
The in-place mamimum dew pointis  T8SF with total precipitable water above sealevel of 337  inches.
The transpositioned maximum dew pointis  78.0F with total precipitable water above sealevel of 329  inches.
The in-place storm elevationis 6,100 which subtracts 1.37 inches of precipitable water at 770F
The in-place storm elevationis 6,100 which subtracts 1.44 inches of precipitable water at 785F
The transposition basin elevation at 4,400 which subtracts LIX inches of precipitable water at 78.0F
The Grid Point/Inflow barrier height is XX which subtracts LXK inches of precipitable water at 78.0F

The in-place storm maximization factor is 1.00 Notes: DAD values taken from SPAS 1213, Storm representative
The transposition/elevation to basin factor is " EVALUE! dew point value was based on maximum 6-hr Td values between
The barmier adjustment factoris’ #VALUE! Aug 1, 1983 at KBJC, KDNR. and KAPA.
The total adjustment factor is " VALUE!
|Observed Storm Depth-Area Durati
1 Hours 3 Hours 6 Hours 12Howrs : 18 Hours | 24 Howrs : 36 Howrs | 48 Howrs : 72 Hours
1 sq miles 4.0 5.4 6.3 6.9 6.9 6.9 6.9 0.0 0.0
10 sg miles 35 4.6 5.4 6.0 6.0 6.0 6.0 0.0 0.0
100 sq miles 1.7 22 1.6 p ] 2.9 ] 2.0 0.0 0.0
200 sq miles 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
300 sq miles 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1000 sq miles 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2000 sq miles 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3000 sq miles 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
10000 sq miles 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20000 sg miles 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Adjusted Storm Depth-Area-Duration
1 Hours 3 Hours 6 Hours 12Houwrs : 18 Hours : 24 Howrs : 36 Hours : 48 Howrs : 72 Hours
1 sqmiles’ #VALUE! | #VALUE! | #VALUE! | #VALUE! | #VALUE! | #VALUE! | #VALUE! @ #VALUE! | #VALUE!
10 sq miles; #VALUE! | #VALUE! | #VALUE! | #VALUE! @ #VALUE! | #VALUE! | #VALUE! | #VALUE! | #VALUE!
100 sq miles{ #VALUE! | #VALUE! ;| #VALUE! [ #VALUE! | #VALUE! | #&VALUE! { #VALUE! | #VALUE! | #VALUE!
200 sq miles; #VALUE! | #VALUE! | #VALUE! | #VALUE! | #VALUE! | #VALUE! | #VALUE! | #VALUE! | #VALUE!
300 sq miles! #VALUE! | #VALUE! | #VALUE! @ #VALUE! | #VALUE! | #VALUE! | #VALUE! | #VALUE! | #VALUE!
1000 sq miles; #VALUE! | #VALUE! | #VALUE! | #VALUE! | #VALUE! | #VALUE! | #VALUE! | #VALUE! | #VALUE!
2000 sq miles! #¥VALUE! " #¥VALUE! © #VALUE! " #VALUE! | #VALUE! | #VALUE! | #VALUE! { #VALUE! | #VALUE!
5000 sq miles; #VALUE! | ¥VALUE! | #¥VALUE! " #VALUE! { #VALUE! | #VALUE! | #VALUE! | #VALUE! | #VALUE!
10000 sq miles! #¥WALUE! © #VALUE! ;© #VALUE! ! #VALUE! ;| #VALUE! | #&VALUE! : #VALUE! | #VALUE! : #VALUE!
20000 sq miles; #VALUE! | #VALUE! | ¥VALUE! | #VALUE! { #¥VALUE! ;| ¥VALUE! | #VALUE! | #VALUE! | #VALUE!
Storm or Storm Center Name SPAS 1213 Chevenne, WY
Storm Date(s) 8/01/1983
Storm Type Convective
Storm Location 41.14N 10482 W
Storm Center Elevation 6,100
|Precipitation Total & Duration 7.15 Inches 13-hours
Storm Representative Dewpoint J10F 6
Storm Bepresentative Dewpoint Location 080N 103.00 W Jul Aug
Maximum Dewpoitit 783F 784 783
Moisture Inflow Vector S@os
|In-place Maximization Factor 1.09
Temporal Transposition (Date) 15-Tul
Transposition Dewpoint Location 3816 N 8745 W Jul Augz
Transposition Maximum Dewpoint T8.0F 73.18 79.15
Transposition Adjustment Factor "HVALUE!
(Grid Point Elevation 4400
|Eighest Elevation in Basin 14344
|inflow Barrier Height i
Elevation Adjustment Factor "SVALUE!
Total Adjustment Factor "EVALUE!

Appendix F: Table F.30:
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SPAS #1213 DAD Curves Zone 1
August 1-2, 1985

Area (mi’) 1 2 3 a 5 6
0.1 1.14 5.53 6.44 7.15 7.15 7.15

1 4.03 5.36 6.26 6.89 6.89 6.89

10 3.47 4.64 5.4 5.99 5.99 5.99

25 2.97 3.97 4.62 5.13 5.13 5.13

50 2.32 2.97 3.6 3.99 3.99 3.99

100 1.69 2.24 2.62 2.88 2.88 2.88

126 1.5 2 2.33 2.55 2.55 2.55

Appendix F: Table F.31: Depth-area-duration values for Cheyenne, WY, August 1, 1985

SPAS #1213 DAD Curves Zone 1
August 1-2, 1985
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Appendix F: Figure F.43: Depth-area-duration chart for Cheyenne, WY, August 1, 1985
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SPAS 1213 Storm Center Mass Curve Zone 1

August 1 (2200UTC) to August 2 (1000UTC), 1985
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Appendix F: Figure F.44: Mass curve chart for Cheyenne, WY, August 1, 1985
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Appendix F: Figure F.45: Total storm isohyetal analysis for Cheyenne, WY, August 1, 1985
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Forest City, MN, AWA 14

June 20, 1983
Storm Type: MCC
Grid Points Used: 8-11, 16-18
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Storm Name: SPAS 1035-Forest City, MN
Storm Date: 21-Jun-1983 Storm Adjustment for ANO Grid Point 8
AWA Analysis Date: i12/13/2013
Temporal Transposition Date 6-Jul
Lat Long Moisture Inflow Direction SE @ 115 miles
Storm Center Location 4524 N 94.54 W (Grid Point Elevation 1.200 faat
Storm Rep Dew Point Location 4402N 02.04W Storm Center Flevation 1,100 feat
Transposition Dew Point Location 4151N 9104 W Storm Rep Analysis Duration 12 hours
Grid Point Location 3750N  93.00W
The storm representative dew pointis  72.0F with total precipitable water above sealevel of 247  inches.
The in-place maximum dew pointis  79.5F with total precipitable water above sealevel of 352 inches.
The transpositioned maximum dew pointis  80.0F with total precipitable water above sealevel of 3.60  inches.
The in-place storm elevationis 1,100 which subtracts 0.25 inches of precipitable water at 72.0F
The in-place storm elevationis 1,100 which subtracts 0.34 inches of precipitable water at T9.5F
The transposition basin elevationat 1,200 which subtracts 0.29 inches of precipitable water at 80.0F
The Grid point/inflow bamier heizhtis 1,000 which subtracts 0.29 inches of precipitable water at 80.0F
The in-place storm maximization factor is 1.43 Notes: 1.61 caleulated, but 1.50 used based on HMR 51
The transposition/elevation to basin factor is 1.04 and HME. 35A guidance. DAD values taken from SPAS
The barrier adjustment factor is 1.00 1033, 12hr average Td taken from KRST, MCW, and KMSP
Ohr ave from 06-20-83 227 to 06-21-83 06Z
The total adjustment factor is 1.49
Observed Storm Depth-Area-Durati
1 Hours 6 Hours 12 Hours 18Hows : 24 Hours | 30Hows : 36 Howrs | 48 Howrs : 60 Howrs | 72 Hours
1 sq miles 3.7 8.4 138 13.9 13.9 - 16.5 16.5 - 16.5
10 sg miles 33 7.7 12.7 12.7 12.7 - 15.3 153 - 153
100 sq miles 2.6 6.2 10.2 10.2 10.2 - 12.8 12.8 - 12.8
200 sg miles 2. 58 9.4 9.5 9.5 - 12.0 12.0 - 12.0
300 sq miles 22 5.0 7.9 8.0 8.0 - 9.9 9.9 - 10.0
1000 sg miles 2.0 4.5 6.5 6.6 6.6 - 7.9 7.9 - 7.9
3000 sq miles 11 24 34 34 34 - 4.0 4.0 - 4.0
10000 sg miles - - - - - - - - - -
20000 sg miles - - - - - - - - - -
Adjusted Storm Depth-Area-Duration
1 Hours 6 Hours 12 Hours 18 Hours | 24 Hours : 30 Hours : 36 Hours : 48 Hours : 60 Hours : 72 Hours
1 sq miles 5.5 12.4 20.6 20.7 20.7 - 24.6 246 - 24.6
10 sg miles 4.9 11.5 19.0 19.0 19.0 - 22.9 229 - 229
100 sq miles 3.9 9.3 153 153 15.3 - 19.1 19.1 - 19.1
200 sg miles 3.6 8.6 14.0 14.1 141 - 17.8 17.8 - 17.8
300 sq miles 3.3 7.5 11.8 11.9 11.9 - 14.8 14.8 - 14.9
1000 sq miles 3.0 6.6 9.8 9.8 9.8 - 11.8 11.8 - 11.8
3000 sq miles L6 3.6 5.0 5.0 5.0 - 6.0 6.0 - 6.0
10000 sg miles - - - - - - - - - -
20000 sg miles - - - - - - - - - -
Stonm or Storm Center Name SPAS 1035 Forest City, MN
Storm Date(s) 21-Jun-1983
Storm Type MCC-Thunderstorm Complex
Storm Location 454N 0454 W
Stonm Center Elevation 1.100
Precipitation Total & Duration 17.00 Inches 12-hours NCDC Storm Data report
Storm Eepresentative Dew Point T20F 12
Storm Eepresentative Dew Point Location 4402N 0204w
Maximum Dew Point T93F
MMoisture Inflow Vector SE@ 1135
In-place Maximization Factor 1.43
Temporal Transposition (Date) 6-Jul
Transposition Dew Point Location 41351N o4 w June July
Transposition Maxmum Dew Point O0F 78 81
Transposition Adjustment Factor 1.04
(Grid Point Elevation 1,200
Highest Elevation in Basin 14 344
Inflow Barmier Height 1,000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.49

Appendix F: Table F.32: Storm spreadsheet for Forest City, MN, June 20, 1983
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Storm 1035 - Forest City, MN June 19 - 22, 1983

MAXIMUM AVERAGE DEPTH OF PRECIPITATICN {INCHES)

Duration {hours)
ATEa [ITFII 1 2 3 4 5 =] 12 18 24 3E 45 T2 36 Sodal
i 3088 o168 616 E.o1 T.AE &.35 1362 13.69 13.65 16.53 16:53 16.53 1653 1653
10 328 3.97 563 B35 E.62 T.r 12.73 12.74 12.74 15.54 15.34 135.34 15.34 1524
100 282 344 4.0 5.5 5.63 6.23 1023 1023 10.23 12,78 1270 12.¥9 f2:79 12.79
200 240 326 4.62 5.23 5.33 577 938 945 9.45 11.97 11.97 11.97 11497 11.97
500 222 3.83 4_H) 4.77 4.57 5.02 T.ad 796 736 2380 3.80 EReT R-T a9y
1.000 2.03 279 3.7 & 25 4.33 445 6.54 855 6.55 7.89 7.4 7ot T8 79
5,000 108 143 1.54 272 2.26 243 3.35 338 3.38 400 4.00 4.0 4.0 4.0
SPAS #1035 DAD Curves ——1-hour
Forest City, MN June 13 - 22, 1983
2-hoar
10,000
= 3-hour
—— N0
1,000 4 —
—=— E-hour
'7;- 2-hiur
5 100 1
=
= *— 1&-hour
24-hour
12 4 36-howr
—e— 4E-hour
—— T 2-hour
1 ' t ' t c t ! — ' t ' t o t o ——
] 2 4 [ ] 10 12 14 16 i8] = :':afﬂﬁ_‘_lilﬁfﬂ
i=oTIG |
Maximum Awverage Depth of Precipliation [Inches) .

Appendix F: Table F.33 and Figure F.46: Depth-area-duration values and Depth-area-duration chart for
Forest City, MN, June 20, 1983
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Appendix F: Figure F.47: Mass curve chart for Forest City, MN, June 20, 1983

Page 80 of 346




e

Gauging Stations

® Dally © HoulyPseudo SPAS Storm #1035 - June 19 to 22, 1983

* Hourly ® Supplemental * Total Rainfall (96-hours) !
Precipitaticn (inches) Forest Cit}!’, Minnesota
Moot-100]s01-800 [t001-11.00]1501- 1800
Biot-2o0Jeoi-700 [l 11.01-1200J18.01- 1700
Bzot-zo07o01i-200 1201-1300 -
B zot-s00@z01-000 [ t201-14.00 R I 4 ; .
20t -5.00 [ 2.01 - 1000 [l 14.01 - 1500 e = Sk Sr R e SR N Smeen 1R

S e, MalsbLARA Apnd 12, 07

Appendix F: Figure F.48: Total storm isohyetal analysis for Forest City, MN June 20, 1983
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Big Fork, AR, AWA 15

December 1, 1982
Storm Type: Frontal
Grid Points Used: 1-3, 8-10, 16-17
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Storm Name: Big Fork, AR SPAS 1219
Storm Date; Dec 1-5, 1982 Storm Adjustment for ANO Grid Point 1
AWA Analvsis Date: (12/13/2013
Temporal Transposition Date 15-Nov
Lat Long Moisture Inflow Direction SSW @ 415 miles
Storm Center Location 358TN 92.12W Grid Point Elevation 350 feet
Storm Rep Dew Point Location 30.00 N 93.68 W Storm Center Elevation 750 feet
Transposition Dew Point Location 36.86 N 9427TW Storm Rep Analysis Duration 24 hours
Grid Point Location 3531N 9323 W
The storm representative dew pointis  T2.0F with total precipitable water above sea level of 247  inches.
The in-place maxvimum dew pointis  T3.0F with total precipitable water above sea level of 2.60  inches.
The transpositioned maximum dew pointis  67.0F with total precipitable water above zea level of 1.95  inches.
The in-place storm elevation is 750 which subtracts 0.17 inches of precipitable water at 720F
The in-place storm elevation is 750 which subtracts 0.18 inches of precipitable water at 73.0F
The transposition basin elevation at 350 which subtracts 0.19 inches of precipitable water at 67.0F
The Grid point/inflow barrier heightis 1,000 which subtracts 0.19 inches of precipitable water at 67.0 F

The in-place storm maximization factor is 1.05 MNotes: Storm representative dew point valve was based on maximum 24-|

The transposition/elevation to basin factor is 0.73 h_’Té valzs ba“"'a_m DE?‘ 2-3, 1982 at K‘L_C‘H= R‘B?T R‘LFT ’_‘“i

The barrier adjustment factor is 1.00 KPOE. ']jhalsa stations did not have any rainfall during this maximum
24-hr period.
The total adjustment factor is 0.77
|Observed Storm Depth-Area Duration

1 Hours 3 Hours 6 Hours 12Hours : 18 Hours : 24 Howrs : 36 Hours 48 Hours 72 Hours

1 sq miles 24 5.2 6.6 9.7 13.1 14.2 14.7 15.1 15.5

10 sq miles 1.3 5.2 6.6 9.7 13.1 14.2 14.7 15.1 15.5

100 sq miles 11 4.8 6.0 9.0 12.1 13.7 14.4 14.7 15.0

200 sq miles 2.0 4.4 5.8 8.6 12.0 13.2 14.1 14.1 14.5

300 sq miles 1.7 3.9 5.5 8.3 11.4 12.6 13.6 13.8 142

1000 sq miles 1.5 32 5.1 7.7 10.9 12.2 12.9 13.3 13.6

2000 sg miles 1.4 31 4.7 7.3 10.4 11.8 12.5 12.7 13.0

3000 sq miles 1.1 2.5 4.0 6.6 9.5 10.8 11.7 11.9 12.1

10000 sg miles 0.9 2.0 3.5 5.8 8.4 9.6 10.8 10.9 11.2

20000 sg miles 0.8 1.7 2.8 4.7 6.9 8.1 9.2 9.7 10.0

Adjusted Storm Depth-Area-Duration

1 Hours 3 Hours 6 Hours 12Hours : 18 Hours | 24 Howrs : 36 Hours 48 Hours 12 Hours

1 sg miles 1.8 3.9 5.1 7.4 10.0 10.8 11.3 11.5 1.8

10 sgq miles 1.8 3.9 5.1 7.4 10.0 10.8 11.3 11.5 11.8

100 sg miles 1.6 3.6 4.6 6.9 9.2 10.5 11.0 11.3 1.5

200 sq miles 1.5 3.4 4.4 6.6 9.2 10.1 10.8 10.8 11.1

300 sqg miles 1.3 3.0 4.2 6.3 8.7 9.6 10.4 10.6 10.8

1000 sg miles 1.2 2.4 3.9 5.9 8.3 9.4 9.9 10.2 10.4

2000 sq miles 1.0 2.4 36 5.6 8.0 9.0 2.6 9.7 9.9

3000 sq miles 0.8 1.0 31 5.1 7.2 8.3 8.0 2.1 9.3

10000 sq miles 0.7 1.5 2.6 4.5 6.4 7.3 82 84 2.6

20000 sg miles 0.6 1.3 22 3.6 5.3 6.2 7.1 7.4 7.7

Storm or Storm Center Name

Big Fork, AR SPAS 1219

Storm Date(s) Dec 1-3, 1982

Storm Type Synoptic

Storm Location 35.8TN 212w
Storm Center Elevation 150

|Precipitation Total & Duration

15.45 Inches 72-hours

Storm Representative Dew Point T20F 24
Storm Representative Dew Point Location 30.00 N 0368 W
Maximum Dew Point T3.0F
Moisture Inflow Vector SEW @ 415 Miles
Jin-place Maximization Factor 1.05
Temporal Transposition (Date) 15-Now
Transposition Dew Point Location 36.86 N 942TW
Transposition Maximum Dew Point 670F
Transposition Adjustment Factor 0.73
Grid Point Elevation 350
|Eighest Elevation in Basin 1434
|inflow Barrier Height 1,000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 0.77

Appendix F: Table F.34: Storm spreadsheet for Big Fork, AR, December 1, 1982
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Storm 1219 - Dec 1 (0100 UTC) - Dec 5 (0500 UTC), 1982

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration {hours)
Area (mi%) 1 3 B 12 18 24 36 43 72 96 Total
0.3 241 5.36 6.75 10 13.44 14.58 15.16 15.51 15.92 15.92 15.92
1 2.36 5.16 6.6 9.73 13.05 14.15 14.73 15.09 15.45 15.45 15.45
10 2.34 5.16 6.6 9.73 13.05 14.15 14.73 15.09 15.45 15.45 15.45
25 23 5.09 6.46 9.38 13 14.15 14.73 15.09 15.45 15.45 15.45
50 223 4.96 6.24 9.35 12.77 13.68 14.73 15.01 15.32 15.45 15.45
100 213 475 6.02 9.02 12.07 13.68 14.41 14.73 14.98 15.16 15.16
150 2.04 4.55 5.84 .86 12.05 13.34 14.19 14.5 14.71 14.9 14.90
200 1.96 4.38 5.78 8.59 12.02 13.18 14.12 14.12 14.45 14.8 14.50
300 1.79 42 5.64 8.55 11.57 13.09 13.94 14.02 14.35 14.6 14.60
400 1.75 4.03 5.53 8.43 11.51 12.68 13.75 13.92 14.25 14.4 14.40
500 1.71 3.86 5.46 8.29 11.42 12.59 13.56 13.82 14.15 14.19 14.19
1,000 1.53 3.18 5.09 7.72 10.88 12.24 12.88 13.32 13.6 13.72 13.72
2,000 1.37 3.1 472 7.34 10.39 11.75 12.53 12.73 13 13.17 13.17
5,000 1.08 243 4.02 6.61 9.46 10.83 11.67 11.9 12.14 12.22 12.22
10,000 0.91 1.95 3.45 5.84 8.37 9.6 10.75 10.94 11.23 11.33 11.33
20,000 0.75 1.73 2.81 4.74 6.92 8.07 9.24 9.69 10.01 10.05 10.05
50,000 0.45 1.16 22 3.55 5.01 575 7.39 7.67 7.97 8.07 8.07
100,000 0.3 0.76 1.5 25 3.5 4.25 54 5.97 6.05 6.3 6.35
138,276 0.2 0.55 1.05 1.82 2.66 3.49 4.34 472 4.95 5.1 5.10

Brea (mi®)

Appendix F: Table F.35: Depth-area-duration values for Big Fork, AR, December 1, 1982
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Appendix F: Figure F.49: Depth-area-duration chart for Big Fork, AR, December 1, 1982
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Appendix F: Figure F.50: Mass curve chart for Big Fork, AR, December 1, 1982
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Appendix F: Figure F.51: Total storm isohyetal analysis for Big Fork, AR, December 1, 1982
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Clyde, TX, AWA 65, SPAS 1184

October 10, 1981
Storm Type: Frontal/Tropical
Grid Points Used: 8, 10-11, 16-18
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Storm Name: SPAS 1184-Clvde, TX
Storm Date: 10/10-14/1981 Storm Adjustment for ANO Grid Point 8
AWA Analysis Date: :12/13/2013
Temporal Transposition Date 25-Sep
Lat Long Moisture Inflow Direction SE @ 255  miles
Storm Center Location 248N 9948W Grid Point Elevation 1.200 feet
Storm Rep Dew Point Location 2050N 9T.00W Storm Center Elevation 1,900 feet
Transposition Dew Point Location 39.68N 80.83W Storm Rep Analysis Duration 24 hours
Grid Point Location 37T50N  93.00 W
The storm representative dew pointis  76.0F with total precipitable water above sealevel of 2.99  inches.
The in-place maximum dew pointis  77.5F with total precipitable water above sealevel of 322  inches.
The transpositioned maximum dew pointis  7T4.0F with total precipitable water above sealevel of 273 inches.
The in-place storm elevationis 1,900 which subtracts (.48 inches of precipitable water at 76.0F
The in-place storm elevationis 1,900 which subtracts  0.50 inches of precipitable water at 77.5F
The transposition storm elevationat 1,200 which subtracts  0.24 inches of precipitable water at T40F
The Grid Point/inflow barrier heightis 1,000 which subtracts  0.24 inches of precipitable water at 74.0F
The in-place maximization factor is 1.08 Motes:
The transposition factor is 0.92
The elevation/barrier adjustment factor is 1.00
The total adjustment factor is 0.99
|Observed Storm Depth-Area Duration
6 Hours | 12 Hours 18 Hours 24 Hours : 30 Hours | 36 Hours : 48 Hours | 60 Hours : 72 Hours
10 sgmiles:  10.1 14.2 - 18.1 - 21.7 223 - 224
100 sq miles 8.8 12.5 - 15.7 - 18.5 20.4 - 20.6
200 sq miles 7.8 11.5 - 14.6 - 18.6 19.6 - 19.8
300 sq miles 6.7 9.9 - 13.0 - 16.7 17.8 - 17.9
1000 sq miles 5.7 9.2 - 12.5 - 15.5 171 - 17.5
2000 sg miles 5.0 8.4 - 10.9 - 142 15.8 - 16.7
5000 sq miles 4.1 7.0 - 9.4 - 13.0 144 - 148
10000 sq miles 3.5 5.0 - 8.1 - 11.5 13.0 - 133
20000 sq miles 2.6 4.7 - 6.8 - 9.2 10.6 - 11.0
Adjusted Storm Depth-Area-Duration
6 Hours : 12 Hours 18 Hours 24 Hours : 30 Hours | 36 Hours | 48 Hours | 60 Hours | 72 Hours
10 sgmiles; 10.1 141 - 18.0 - 21.5 22.1 - 222
100 sq miles 8.7 12.4 - 15.5 - 198.3 202 - 204
200 sq miles 7.8 11.4 - 14.5 - 18.4 19.4 - 19.7
500 sg miles 6.6 9.8 - 12.9 - 16.6 17.6 - 17.7
1000 sq miles 5.7 9.1 - 12.4 - 153 16.9 - 174
2000 sq miles 4.9 8.3 - 10.8 - 14.0 15.7 - 16.5
3000 sq miles 4.1 6.0 - 0.3 - 12.9 143 - 14.7
10000 sq miles 3.5 5.0 - 8.1 - 11.4 12.0 - 13.2
20000 sq miles 2.6 4.7 - 6.7 - 9.1 10.5 - 10.9
Storm or Storm Center Name SPAS 1184-Clvde, TX
Storm Date(s) 10/10-14/1981
Storm Type General Storm
Storm Location 3248N 09.48W
Storm Center Elevation 1900
|Precipitation Total & Duration (10 sq mi) 2323 inches in @3hrs, 22 4 inches in 72hrs
Storm Representative Dew Point 16.0F 24
Storm Representative Dew Point Location 2050N LW 5 0
Maximum Dew Point T13F 78 77
Moisture Inflow Vector SE @ 233
|l-place Mawimization Factor 1.08
Temporal Transposition (Date) 25-8ep
Transposition Dew Point Location 3068 N 30.83 W g o
Transposition Maximum Dew Point J40F 13 72.5
Transposition Adjustment Factor 0.92
(Grid Point Elevation 1200
|Highest Elevation in Basin 14 344
|inflow Barrier Height 1,000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 0.99

Appendix F: Table F.36:
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Storm 1184 - October 10 (1400 UTC) to October 14 (1100 UTC), 1981
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
Area (mi) 1 3 b 12 24 36 48 72 93 Total
0.30 3.97 7.32 10.44 14 .56 18.64 2227 2288 23.00 23.00 23.00
1 3.87 7.14 1014 14.19 18.13 21.69 2226 2239 2239 2239
10 3.85 7.02 1014 14.18 18.13 21.69 2226 2239 2239 2239
25 375 6.57 9.78 13.23 17.58 20.59 2145 21.81 21.96 21.96
50 3.60 6.34 9.36 13.20 16.86 20.24 20.54 21.34 21.36 21.36
100 3.40 6.01 8.79 12.46 15.66 19.48 20.40 20.60 20.66 20.66
150 3.25 564 8.04 11.62 1623 19.00 19.93 20.22 20.22 20.22
200 315 £.46 7.83 11.47 14 62 18.69 19.60 19.81 19.81 19.81
300 2.96 5.28 7.05 10.50 14.27 18.00 15.89 19.08 19.37 19.37
400 255 5.04 6.75 10.32 13.73 17.43 18.51 18.76 18.93 18.93
500 253 4.81 6.66 9.90 13.04 16.74 17.78 17.86 18.55 18.55
1,000 215 4.04 571 9.19 12 45 16.47 17.08 17.63 17.56 1756
2,000 2.05 3.49 4.98 8.37 10.86 14.16 15.83 16.65 16.69 16.69
5,000 1.53 2.85 4.10 5.95 9.35 13.03 14.42 14.83 14.89 14.849
10,000 117 229 352 591 8.12 11.53 12.97 13.28 13.31 13.31
20,000 0.52 1.64 264 4.69 6.78 921 10.56 11.00 11.17 11.17
50,000 0.24 0.81 1.38 264 437 550D 6.45 714 7.83 7.83
124,876 0.14 0.19 0.30 0.53 1.26 2.18 256 3.48 414 415

Appendix F: Table F.37: Depth-area-duration values for Clyde, TX, October 10, 1981
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Appendix F: Figure F.52: Depth-area-duration chart for Clyde, TX, October 10, 1981
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Appendix F: Figure F.53: Mass curve chart for Clyde, TX, October 10, 1981
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Appendix F: Figure F.54: Total storm isohyetal analysis for Clyde, TX, October 10, 1981

Page 91 of 346



Frijole Creek, CO, AWA 17

July 3, 1981
Storm Type: Thunderstorm
Grid Points Used: 6,13, 15, 21
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[Storm Name: SPAS 1247 Frijole Creek, CO
|Storm Date: 7/2-5/1981 Storm Adjustment for ANO Grid Point 6
|AWA Analysis Date: :12/20/2013
Temporal Transposition Date 20-Jul
Lat Long Moisture Inflow Direction: S@ 120 miles
Storm center location 370N 104.40 W (Grid Point Elevation 4,400 feet
Storm Rep dew point location 3540N 10445W Storm Center Elevation 6,550 feet
Transposition dewpoint 1 370N 10450W Storm Rep Analysis Duration 6 hours
Grid Point location 34.50N  104.00W
The storm representative dew pointis ~ 77.0F with total precipitable water above sealevel of 314  inches.
The in-place maximum dew pointis ~ 79.5F with total precipitable water above sea level of 352 inches.
The transpositioned maximum dew pointis ~ 80.0F with total precipitable water above sea level of 3.60  inches.
The in-place storm elevation is 6,550 which subtracts ~ 1.45 inches of precipitable water at 7T0F
The in-place storm elevation is 6,550 which subtracts 158 inches of precipitable water at T9.5F
The transposition basin elevation at 4,400 which subtracts ~ L16 inches of precipitable water at 80.0F
The Grid Point/inflow barrier height is 4,400 which subtracts  1.16 inches of precipitable water at 80.0F

The in-place storm mavimization factor is 1.15 Notes: Storm rep dew point taken from the 6hr average at
The transposition/elevation to basin factor is 1.26 KTCC, KLVS, and KABQ July 1 11Z to 23Z.
The barrier adjustment factor is 1.00
The total adjustment factor is 1.44
Observed Storm Depth-Area-Duration
1 Hours 2 Hours 3 Hours 4 Hours 3 Hours 6Hours | 12Hours : 18 Houwrs ;| 24 Hours
1 sq miles 6.0 12.1 144 16.0 16.0 16.0 16.0 16.1 16.1
10 sq miles 5.6 11.2 13.3 14.9 14.9 14.9 14.9 14.9 14.9
100 sg miles a5 6.9 8.3 9.5 9.5 9.5 9.5 9.5 9.5
200 sq miles 2.8 5.5 6.7 7.7 7.7 7.7 7.8 7.9 7.9
300 sq miles 2.0 4.0 4.7 5.6 5.6 5.6 5.7 5.8 5.9
1000 sq miles 14 2.8 3.2 42 42 43 43 44 44
2000 sq miles 0.4 0.9 14 Lé L6 L7 L7 2.1 2.4
3000 sq miles 0.2 0.8 0.8 0.9 0.9 0.9 0.9 0.9 0.9
10000 sq miles 0.2 0.5 0.5 0.7 0.7 0.7 0.8 0.8 0.8
20000 sq miles 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Adjusted Storm Depth-Area-Duration
1 Hours 2 Hours 3 Hours 4Hours : SHows : 6Hours | 12Howrs | 18 Hours | 24 Hours
1 sg miles 8.7 17.5 20.8 231 23.1 231 23.1 232 232
10 sq miles 8.1 16.2 10.2 21.5 21.5 21.5 21.5 21.5 21.5
100 sq miles 5.0 10.0 12.0 13.6 13.7 13.7 13.7 13.8 13.8
200 sg miles 4.0 8.0 9.7 111 11.2 11.2 11.2 113 114
500 sq miles 2.0 5.7 6.8 8.1 8.1 8.1 8.2 8.4 8.4
1000 sq miles 2.0 4.0 4.6 6.1 6.1 6.1 6.2 6.4 6.4
2000 sg miles 0.6 13 2.0 22 2.4 2.4 2.4 a0 34
5000 sq miles 0.3 L1 L1 12 13 13 13 13 13
10000 sq miles 0.3 0.8 0.8 L0 L0 L1 L1 L1 12
20000 sq miles 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Storm or Storm Center Name SPAS 1247 Frijole Creek, CO
Storm Date(s) 7/2-5/1981
Storm Type Convective
Storm Location 37.10N 104 40 W
Storm Center Elevation 6,330
Precipitation Total & Duration 16.08 Inches T2-hours
Storm Representative Dewpoint TI0F ]
Storm Representative Dewpoint Location 3540N 10445 W Jul Aug
Maximum Dewpoint 195F 7951 79.59
Moisture Inflow Vector S@120
|In-place Maximization Factor 1.15
Temporal Transposition (Date) 20-Jul
Transposition Dewpoint Location 33.70N 10450 W Jul Aug
Transposition Maxmum Dewpoint 300F 80 80
Transposition Adjustment Factor 126
(Grid Point Elevation 4,400
Highest Elevation in Basin 14344
|Inflow Barrier Heizht X
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.44

Appendix F: Table F.38:
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Storm 1247 - July 2 (8 UTC) - July 5 (7 UTC), 1981
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration {hrs}
frea [mi'} 1 2 3 4 5 & 12 18 2 H iz Tatal
6] BT 1230_| W&l _| % | %37 ¥ %20 | 1630 | 16w | 61 | 1633 | 163
1 504 1212_| 1433 | 602 | 603 | 03 | 803 | 605 | 1605 | 1608 | 1608 | 1608
__11!'_ EB3 1149 13.32 14 B6 14 87 14 87 14 54 1454 14 88 14 .53 14£.94 14.L
F 159 (N 1179 | g0 | We | W | Wwe | e | 1z | 1379 | 1330 | a0
£ 4147 B.38 10.07 11.38 11.40 11.414 1141 11.41 1142 11.62 1168 11.56
104 148 B 51 X 545 947 547 548 54 554 571 §7E 575
150 10 E1s 751 B 50 553 553 556 ) B62 Bis 817 817
204 275 552 573 770 773 773 17 78 787 ) 516 516
300 140 168 594 580 553 581 588 3] Eod 0 Ti T
200 208 an 536 519 523 523 526 533 ) 557 761 561
500 188 18 an 558 552 582 566 i) £8s Bl 518 618
1,000 1.36 280 ERr) 420 424 4.25 4.28 440 444 4T 477 47T
2,000 T4 081 139 158 163 165 165 20 237 280 1% 138
5,000 024 I 76 0 086 0 ar aar 058 0 & 084 191 281 2 81
w000 | 023 ) 15 070 [EH 073 675 ot [EY 141 168 188
15205 | 018 13 148 053 056 057 359 () 067 [ 14 090
Appendix F: Table F.39: Depth-area-duration values for Frijole Creek, CO, July 3, 1981
SPAS #1247 DAD Curves Zone 1
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Appendix F: Figure F.55: Depth-area-duration chart for Frijole Creek, CO, July 3, 1981
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Appendix F: Figure F.56: Mass curve chart for Frijole Creek, CO, July 3, 1981
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Appendix F: Figure F.57: Total storm isohyetal analysis for Frijole Creek, CO, July 3, 1981
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Albany, TX AWA 18

August 3, 1978
Storm Type: Frontal/Tropical
Grid Points Used: 2-4
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|Shcr|n Name: SPAS 1179 Amelia- Albany, TX
|Storm Date: 8/1-51878 Storm Adjustment for ANO Grid Point 2
|AWA Analysis Date: 12/13/2013
Temporal Transposition Date 15-Jul
Lat Long Moisture Inflow Direction: SSE @ 260  miles
Storm center location 32.74N  9933W (Grid Point Elevation 550 feet
Storm Rep SST location 2030N  9750W Storm Center Elevation 1,500 feat
Transposition Dew Point Location 3LO08N 0365W Storm Rep Analysis Duration 12 hours
(Grid Point location 34.50N  0550W
The storm representative 55Tis  780F with total precipitable water above sea level of 329  inches.
The in-place maximum 58Tis  80.0F with total precipitable water above sea level of 3.60  inches.
The transpositioned maxmum S8Tis  810F with total precipitable water above sea level of 376  inches.
The in-place storm elevationis 1,500 which subtracts 0.41 inches of precipitable water at 78.0F
The in-place storm elevationis 1,500 which subtracts 0.43 inches of precipitable water at 80.0F
The transposition storm elevation at 550 which subtracts  0.175 inches of precipitable water at 81.0F
The grid point/inflow barrier height is 550 which subtracts  0.175 inches of precipitable water at 81.0F

The in-place maximization factor is 1.10 MNotes: Storm Rep Td taken from awve of KSIT, KICT, EKATT,
The transposition factor is 1.13 EEaT
The elevation/barrier adjustment factor is 1.00
The total adjustment factor is 1.24
|Observed Storm Depth-Area Duration
6Hours : 12 Hours 18 Hours 24 Hours | 30Howrs | 36 Hours | 48 Hours ;| 60 Hours | 72 Hours

10 sgmiles:  20.8 26.4 - 20.7 - 314 als - als

100 sg miles 153 238 - 276 - 202 20.4 - 20.5

200 sg miles 10.3 20,9 - 24.4 - 26.6 26.8 - 27.0

300 sq miles 8.4 16.0 - 19.0 - 20,9 231 - 234
1000 sg miles 6.6 1.6 - 158 - 18.4 20.8 - 21.0
2000 =g miles 4.7 7.5 - 12.2 - 15,7 174 - 17.7
3000 sg miles 2.7 4.2 - 7.8 - 8.5 12.0 - 13.2
10000 sq miles 1.9 32 - 5.1 - 7.5 8.8 - 9.6
20000 sq miles 1.3 2.3 - 34 - 3.7 43 - 6.7

Adjusted Storm Depth-Area-Duration
6 Hours : 12 Hours 18 Hours 24 Hours | 30Hours | 36 Hours ;| 48 Hours : 60 Hours : 72 Hours

10 sgmiles: 258 329 - a7.0 - 30,0 3902 - 30,3

100 sg miles 19.1 20.6 - 343 - 6.4 6.6 - 6.7

200 sg miles 129 26.1 - 0.4 - 331 333 - 336

300 sq miles 10.5 10,9 - 236 - 26.0 28.8 - 20,1
1000 sg miles 8.2 15,7 - 19,7 - 22.9 25.0 - 262
2000 sq miles 5.8 9.4 - 152 - 19.5 216 - 22.0
3000 sq miles 33 5.2 - 9.7 - 10.6 15.0 - 16.4
10000 sq miles 2.4 4.0 - 6.3 - 2.3 11.0 - 12.0
20000 sq miles 1.6 2.9 - 4.2 - 4.6 5.3 - 8.3

Storm or Storm Center Name

SPAS 1179 Amelia- Albany, TX

Storm Date(s) 8/1-5/1978

Storm Type Remnant Tropical-Frontal
Storm Location 324N 9033 W
Storm Center Elevation 1500

|Precipitation Total & Duration (10 sq mi)

32.5inches in 48 howrs, 20.53 " M hours, 12.47" in lhr, 21.94" in 6hrs

Storm Representative S5T 13.0F 12

Storm Representative 35T Location 2030N 9130w

IIn-place Maximum 38T 300F 30
|7 oisture Inflow Vector S3E @ 260

|In-p1ac & Maximization Factor

Temporal Transposition (Date) 15-Jul

Transposition Dewpoint Location 3108 N 03.65W i)
Transposition Maxmum SST S310F 81
Transposition Adjustment Factor

Grid Point Elevation 330

|Highest Elevation in Basin 14344

|Enflow Basrier Height

Elevation Adjustment Factor

Total Adjustment Factor 1.24

Appendix F: Table F.40:

Storm spreadsheet for Albany, TX, August 3, 1978
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Storm 1179 - July 31,1978 (0600 UTC) - August 6, 1978 (0500 UTC)
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHE )

Duration (hours)
Area (mi?) 1 3 G 12 24 36 43 72 96 120 144 Total
0.30 12.47 18.53 2194 27.16 30.54 32.22 32.41 32.50 32.51 32.51 3251 3251
1 12.19 18.01 2133 2643 2971 3134 31.52 31.60 31.60 31.60 31.60 31.60
10 11.74 17 48 2076 2643 2971 3135 3152 3160 3160 3160 3160 3160
25 10.98 16.38 19.45 26.20 2971 31.35 31.52 31.60 31.60 31.60 31.60 31.60
50 10.00 14.97 17.59 25 44 2914 30.67 30.83 30.91 30.91 31.06 31.06 31.06
100 8.51 12.74 15.32 2374 2758 2922 29.44 29.51 29.51 2962 29.62 2962
150 7.51 11.25 13.52 2220 2613 27.86 2813 28.26 28.27 2827 28.29 28.29
200 6.75 10.34 10.34 2094 24 43 26.58 26.77 27.03 27.03 2721 27.22 27.22
300 592 8.87 10.15 18.76 2.4 24.40 24 66 24 69 2523 2577 26583 2583
400 522 7.08 916 17 42 2065 2297 2363 2367 24 45 24 45 24 45 24 45
500 474 6.28 8.40 1598 18.97 2085 23N 2341 2378 2378 2379 2379
1,000 345 4 62 661 12 63 15.81 16 43 2077 2103 21.04 21.05 21.06 21.06
2,000 254 3.55 4 67 7.54 12.19 15.66 17.39 17.66 17.78 17.82 17.84 17.84
5,000 0.55 1.52 268 415 7.76 8.54 12.04 13.19 13.21 13.22 13.23 13.23
10,000 0.42 1.04 19 324 510 750 8.83 963 965 9.94 10.11 10.11
20,000 0.30 0.74 1.29 2.1 3.38 3.7 424 6.67 6.74 6.75 6.75 6.75
31,010 022 0.54 0.95 127 235 357 363 363 474 475 475 475

Appendix F: Table F.41: Depth-area-duration values for Albany, TX, August 3, 1978
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Appendix F: Figure F.58: Depth-area-duration chart for Albany, TX, August 3, 1978
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Appendix F: Figure F.59: Mass curve chart for Albany, TX, August 3, 1978
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Appendix F: Figure F.60. Total storm isohyetal analysis for Albany, TX, August 3, 1978
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Big Thompson Canyon, CO, AWA 19

July, 31,1976
Storm Type: 7, 13-14, 21
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Storm Name: SPAS-1231 Big Thompson, CO
Storm Date: 7/31/1976 - 8/3/1076 Storm Adjustment for ANO Grid Point 7
AWA Analysis Date: (12/20/2013
Temporal Transposition Date 15-Jul
Lat Long Moisture Inflow Direction: ESE @ 165  miles
Storm center location 4048 N 10543 W (Grid Point Elevation 7.500 feat
Storm Rep dew point location 39.80N  10240W Storm Center Elevation 8,133 feet
Transposition dewpoint location 337T0N 104.50 W Storm Rep Analysis Duration 6 hours
Grid Point location 36.00N 10550 W
The storm representative dew pointis~ 78.5F with total precipitable water above sealevel of 337 inches.
The in-place maximum dew point is 80.0F with total precipitable water above sea level of 3.60 inches.
The transpositioned maximum dew pointis~ 80.0F with total precipitable water above sea level of 3.60  inches.
The in-place storm elevation is 8,133 which subtracts 178 inches of precipitable water at 785F
The in-place storm elevation is 8,133 which subtracts 1.88 inches of precipitable water at 80.0F
The transposition basin elevation at 7.500 which subtracts 1.79 inches of precipitable water at 80.0F
The Grid Point/inflow barrier height is 7,500 which subtracts 1.79 inches of precipitable water at 80.0 F
The in-place storm maximization factor is 1.00 Motes: Usad 6hr average from KGLD and KAKO. HMRSSA usad
The transposition/elevation to basin factor is 1.05 storm Téof Tl based on KA_‘KQ KGLD, ”“" KHLC, max Td valne
The basrier adjustment factor s 1.00 of 77 pr_z 86). In-place moisture max adjustment 1.34/1.48 page
86 and 90,
The total adjustment factor is 1.14
(Ohserved Storm Depth-Area-Duration
1 Hours 3 Hours 6 Hours 12Hours ;| 18Hours : M4 Hours | 36 Howrs | 48 Hours : 72 Hours
1 sg miles 7.1 9.3 10.0 10.4 10.4 10.5 11.1 122 12.4
10 sq miles 6.5 8.9 8.7 10.1 10.1 10.2 10.9 11.9 12.0
100 sq miles 4.9 7.4 8.3 8.7 8.7 8.0 0.5 10.6 10.7
200 sq miles 3.9 6.1 6.9 74 7.5 7.5 8.2 9.2 9.3
300 sq miles 18 4.5 5.0 5.6 5.7 5.8 6.3 7.7 7.8
1000 sq miles 1.7 2.7 32 34 35 3.6 3.0 5.3 5.4
2000 sq miles L0 L7 2.0 23 2.3 23 2.8 38 38
3000 sq miles - - - - - - - - -
10000 sq miles - - - - - - - - -
20000 sg miles - - - - - - - - -
Adjusted Storm Depth-Area-Duration
1 Hours 3 Hours 6 Hours 12Hours : 18Hours | M Hours | 36 Hours | 48 Hours : 72 Hours
1 sq miles 8.1 10.6 11.4 11.9 11.0 11.9 11.6 13.0 14.2
10 sq miles 74 10.1 11.0 11.5 11.5 11.6 12.4 13.6 13.7
100 sq miles 5.6 8.5 9.5 9.9 10.0 10.1 10.9 12.1 12.2
200 sq miles 4.4 7.0 7.8 8.4 8.5 8.6 0.3 10.6 10.7
300 sq miles 32 5.1 58 6.4 6.5 6.6 7.2 8.8 8.9
1000 sq miles 1.9 31 3.7 39 4.0 4.1 4.4 6.1 6.2
2000 sq miles 1.2 L9 13 1.6 2.6 2.6 32 43 43
3000 sg miles - - - - - - - - -
10000 sq miles - - - - - - - - -
20000 sq miles - - - - - - - - -
Storm or Storm Center Name S5PAS-1231 Big Thompson, CO
Storm Date(s) 1/31/1976 - 8/3/1976
Storm Type Convective
Storm Location 4048 N 10543 W
Storm Center Elevation 8133
Precipitation Total & Duration (10 sq mi) 12.532 inches 34 hour (SPAS 1231 DAD)
Storm Representative Dewpoint J85F 6 6hr ave from KGLD and KAKO
Storm Representative Dewpoint Location 30.80N 10240W Jul Augz
In-place Maximum Dewpoitt 30.0F 70.98 7957
Moisture Inflow Vector ESE @ 163
In-place Manimization Factor 1.09
Temporal Transposition (Date) 15-Jul
Transposition Dewpoint Location 330N 10450 W Jul Augz
Transposition Madmum Dewpoint 30.0F 30 30
Transposition Adjustment Factor 1.05
(Grid Point Elevation 7.500
Hizhest Elevation in Basin 14344
Inflow Barrier Height ha
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.14

Appendix F: Table F.42: Storm spreadsheet for Big Thompson Canyon, CO, July 31, 1976
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Storm 1231 - July 31 (2300 UTC) - August 3 (0500 UTC), 1978
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
Duration (howrs)

Area |mi’) 1 2 3 i & B 12 1R FL % ag 54 Total
[} T (5 EX T iEH 5 55 1012 [ 10 55 [ 128 12 34 T2 52 1252
1 7.06 B3 976 36T 5,06 055 10 38 10 38 10.45 1107 1215 1241 1Z.41
10 @46 783 865 035 551 967 10.05 10 08 1017 1085 113 1203 120
25 5.7 ] 526 B 502 9.2 B.56 564 9.6 1038 1142 1156 1.9
] 108 514 T B0 B 1B [E] (L] B4 [l FlE] 1067 01 .11
100 387 5 612 663 3] 687 7 36 745 753 ERLE 924 933 933
150 323 4 £ 16 5h 573 575 [ED [XE] [ 723 BT [XE BA3
20 782 1% FES a7 L 504 561 ] 575 [F] 77 778 778
300 223 FE 363 15 408 115 45l 469 a7 536 f 68 615 B.75
A 1,52 25 EXT] 1% Y45 167 i 4.03 412 ) ] 5 BY 5.8
E) 168 716 FIT FES 04 321 EET] AT 163 387 ] 5 4] 543
1,000 104 137 167 158 187 T 237 237 227 281 irs 378 3T
1,400 L] 116 147 156 166 1.72 194 199 21 247 FEE] 337 3T

Appendix F: Table F.43: Depth-area-duration values for Big Thompson Canyon, CO, July 31, 1976

SPAS #1231 DAD Curves Zone 1
Jul 31 - Aug 3, 1978
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Appendix F: Figure F.61: Depth-area-duration chart for Big Thompson Canyon, CO, July 31, 1976
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Incremental Precipitation (inches)

SPAS 1231 Storm Center Mass Curve: Zone 1
July 31 (2300 UTC) to August 3 (0400 UTC), 1976
Lat: 40.48 Lon: -105.43
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Index Hour

Accumulated Precipitation (inches)

Appendix F: Figure F.62: Mass curve chart for Big Thompson Canyon, CO, July 31, 1976
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Appendix F: Figure F.63: Total storm isohyetal analysis for Big Thompson Canyon, CO, July 31, 1976
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Waterton Red Rock, Alberta, AWA 20

June 14, 1921
Storm Type: Frontal
Grid Points Used: 7, 14, 21-22
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Storm Name: SPAS 1252 Waterton Red Rocks]
Storm Date: 06/15-06/20/1975 Storm Adjustment for ANO Grid Point 22
AWA Analysis Date: :9/11/2012
Temporal Transposition Date 1-Jul
Lat Long Moisture Inflow Direction: ESE @ 810  miles
Storm center location 4900 N 114.05W (Grid Point Elevation 11,300 feet
Storm Rep SST location 4315N  99.95W Storm Center Elevation 8,000 feet
Transposition 35T location 3333N 423 W Storm Rep Analysis Duration 24 hours
Grid Point location 36.00N 10550 W
The storm representative 85T1s  TLOF with total precipitable water above sea level of 236  inches.
The in-place maximum $5T1s  78.0F with total precipitable water above sea level of 329  inches.
The transpositioned maximum 88T1s  79.5F with total precipitable water above sea level of 352 inches.
The in-place storm elevationis 8,000 which subtracts 136 inches of precipitable water at 71.0F
The in-place storm elevationis 8,000 which subtracts  1.74 inches of precipitable water at 78.0F
The transposition storm elevation at 10,000 which subtracts ~ 2.17 inches of precipitable water at T95F
The Grid point/inflow barrier heizhtis 10,000 which subtracts  2.17 inches of precipitable water at 79.5F
The in-place maximization factor is 1.50 Notes: Storm rep Td value used from KMCE, KLEF, and
The transposition factor is 0.87 EPIR 24hr ave and 24hr 100yr Td climatology.
The elevation barrier adjustment factor is 1.00
The total adjustment factor is 1.31
(Ohserved Storm Depth-Area-Dh
1 Hours : 3 Hours 6 Hours 12 Hours : 18 Hours : 24 Hours | 36 Hours | 48 Hours @ 72 Hours
1 sq miles 0.9 1.2 23 4.1 5.7 7.2 9.2 10.5 12.5
10 =q miles 0.8 1.3 23 4.1 5.7 7.2 9.2 10.5 12.5
100 sq miles 0.6 L1 2.0 3.6 5.0 6.2 7.9 2.2 10.9
200 sq miles 0.4 L0 13 3.4 43 5.7 7.3 85 10.1
300 sqg miles 0.4 0.9 L7 a1 4.1 5.1 6.7 7.6 2.0
1000 sq miles 0.4 0.9 16 3.0 as 4.7 6.3 7.2 7.7
2000 sq miles 0.3 0.8 L5 2.7 36 4.3 5.7 6.5 7.7
3000 sq miles 0.3 0.7 13 2.5 il a8 4.9 5.6 6.1
10000 =g miles 0.3 0.6 1.2 22 2.7 3.2 4.1 4.7 5.0
20000 sg miles 0.2 0.5 1.0 1.8 2.1 2.5 32 3.6 3.9
Adjusted Storm Depth-Area-Duration
I Hours | 3 Hours 6 Hours 12 Hours : 18 Howrs | 24 Hours | 36 Hours | 48 Hours | 72 Howrs
1 sq miles 12 1.7 3.0 5.3 7.5 9.4 12.1 13.8 16.3
10 sqg miles L1 17 3.0 53 7.5 9.4 12.1 138 16.3
100 sq miles 0.7 1.4 2.6 4.7 6.6 8.1 10.4 12.0 143
200 sq miles 0.6 12 24 4.4 5.7 7.4 9.6 11.1 13.2
300 sqg miles 0.5 1.2 22 4.1 53 6.6 8.7 10.0 11.8
1000 sg miles 0.5 L1 21 3.0 5.0 6.2 8.2 9.4 10.1
2000 sq miles 0.4 L0 2. 3.6 4.7 5.6 7.4 8.5 10.0
3000 sq miles 0.4 0.9 17 a2 4.1 4.9 6.4 7.3 7.0
10000 sq miles 0.3 0.8 15 2.9 3.5 4.2 5.4 6.1 6.5
20000 sg miles 0.3 0.7 1.3 2.3 2.8 3.3 4.2 4.7 5.1
Storm or Storm Center Name SPAS 1252 Waterton Red Rocks, Alberta
Storm Date(s) 06/13-06/20/1875
Storm Type Synoptic
Storm Location 4008 N 11405 W
Storm Center Elevation 3.000
|EPrecipitation Total & Duration 1446 Inches 144 hours
Storm Representative 88T T10F 24
Storm Representative S5T Location 4315 N 9005 W June July 0
|in-place Maximum SST I180F
M oisture Inflow Vector ESE @ 810
|In-p1ace Maximization Factor 1.50
Temporal Transposition (Date) 1-Jul
Transposition 88T Location 333N M23W June July
Transposition Mawimum 88T 195F
Transposition Adjustment Factor 0.87
(Grid Point Elevation 10,000
|Eighest Elevation in Basin 14344
|inflow Barrier Height 1,150
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.21

Appendix F: Table F.45: Storm spreadsheet for Waterton Red Rocks, AB, June 14, 1975
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SPAS 1252 - June 14 (800 UTC) - June 21 (TOD UTC), 1975

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duratlan {hiirs)
Area (mi)] 1 3 8 7 1 24 3% 48 72 56 120 143 168 Total |
¥ () 15 738 119 543 T4 951 1087 1268 1318 TR Y3 1445 1445
1 (A 132 15 407 574 i 324 1053 1247 1273 EL] 1401 ] 1401
10 .84 132 | a4ar 574 12 924 10.53 1247 12.78 13 64 140 141 4.0
% 074 121 2196 19 553 703 303 10.29 1221 1246 [ERE 1361 1374 1374
50 0 ES 118 Z17 18 541 6.62 §59 9.8 11.57 12.06 1295 1328 1329 13.29
1 055 107 i 158 504 618 733 ERE) 1052 1124 115 1248 1253 1253
150 045 1.01 188 148 476 587 T.53 B 10.22 1011 1131 11.98 12 12 .00
200 [ED] (S T 13 43 57 732 Baz 013 1061 (AAL 1153 1167 1167
300 542 R i1 EFD 13 B 708 T EES) 558 1058 [EEE KL 1.7
[ (ET] [ 17 i 415 515 672 77 EXE: K] 1037 10 68 1081 081
500 S ] 169 71 ilE 508 566 T3 7 (] ] 1053 1054 1054
1,000 [ES 3 16 29 382 172 525 717 772 BT ) 576 576 376
2,000 (3] 0 151 in 356 i3 565 5 T B2 B3 T 541 L
5000 ] DE3 131 247 it 378 188 559 E07 BE3 ] 13 751 751
10,000 025 062 147 22 2 3323 4.1 4 &6 i £ Bh 653 BDE [y L)
0,000 | 02 153 102 119 212 253 32 350 Bl 441 159 an 163 183
1[oEk | o0ie (] 074 125 157 186 23 258 258 im 144 155 356 356
Appendix F: Table F.46: Depth-area-duration values for Waterton Red Rocks, AB, June 14, 1975
SPAS #1252 DAD Curves Zone 1
June 14-21, 1975
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Appendix F: Figure F.64: Depth-area-duration chart for Waterton Red Rocks, AB, June 14, 1975
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Incremental Precipitation (inches)

-y
o
L

=
=]

=
=}

=
I

0.2 A

0.0

SPAS 1252 Storm Center Mass Curve: Zone 1
June 14 (800 UTC) - June 21 (700 UTC), 1975
Lat: 49.0875 Lon: -114.0458

R | ncremental

— Aocumulated

10 20

30

14457

40

50 G0 7O 80 50 100 110 120 130 140 150 160
Index Hour

T 15

+ 10

Accumulated Precipitation (inches)

Appendix F: Figure F.65: Mass curve chart for Waterton Red Rocks, AB, June 14, 1975
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Appendix F: Figure F.66: Total storm isohyetal analysis for Waterton Red Rocks, AB, June 14, 1975
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Enid, OK, AWA 21

October 10, 1973
Storm Type: MCC
Grid Points Used: 1-4, 8-11, 16-18
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Storm Name: SPAS -1034-Enid, OK
Storm Date: 10-0ct-1973 Storm Adjustment for ANO Grid Point 1
AWA Analvsis Date: :12/14/2013
Temporal Transposition Date 15-Sep
Lat Long Moisture Inflow Direction: SSE @ 225 miles
Storm center location 36.38N  978TW (Grid Point Flevation 350 feet
Storm Rep dew point location 33385N 0655 W Storm Center Flevation 1250 feat
Transposition dewpoint location 3030N 96092 W Storm Rep Analysis Duration 12 hrs
(Grid Point location 3531N 0323 W
The storm representative dew pointis  75.0F with total precipitable water above sealevel of 2.85  inches.
The in-place maximum dew pointis  T65F with total precipitable water above sealevel of 3.07  inches.
The transpositioned mammum dew pointis  77.5F with total precipitable water above sealevel of 322 inches.
The in-place storm elevationis 1,250 which subtracts 0.31 inches of precipitable water at 750F
The in-place storm elevationis 1,250 which subtracts 0325 inches of precipitable water at T65F
The transposition basin elevation at 0 which subtracts  0.285 inches of precipitable water at T75F
The Grid point/inflow barrier heightis 1,050 which subtracts  0.285 inches of precipitable water at 775F

The in-place stonn maximization factor is 1.08 Notes: DAD values taken from SPAS 1034. 12hr average taken from
The transposition/elevation to basin factor is 107 KDEW and WACO from 2100CDT 10-8-73 to 0900CDT10-10-73
The barrier adjustment factor is 1.00
The total adjustment factor is 1.16
|Observed Storm Depth-Area Duration
6 Hours 12Hours | 18Hours | 24 Hours : 30 Hours | 36 Hours | 48 Hours ;| 60 Hours : 72 Hours
1 sq miles 11.2 17.1 19.0 19.0 - 19.0 19.2 - 19.4
10 sq miles 10.7 16.3 18.1 18.1 - 18.1 18.3 - 18.5
100 sq miles 9.7 14.6 16.2 16.2 - 16.2 16.4 - 16.6
200 sq miles 9.1 13.7 15.2 152 - 15.2 153 - 155
300 sq miles 7.9 11.3 12.7 12.7 - 12.7 12.9 - 12.9
1000 sq miles 6.7 9.5 10.5 10.5 - 10.5 10.6 - 10.6
3000 sq miles 3.9 5.2 5.6 5.6 - 5.6 57 - 5.7
10000 sq miles 0.0 0.0 0.0 0.0 - 0.0 0.0 - 0.0
20000 sq miles 0.0 0.0 0.0 0.0 - 0.0 0.0 - 0.0
Adjusted Storm Depth-Area-Duration
6 Hours 12Hours ;: 18Hours : 24 Hours | 30 Hours i 36 Hours | 48 Houwrs : 60 Hours : 72 Hours
1 sq miles 13.0 19.7 219 22.0 - 22.0 222 - 224
10 sq miles 12.4 18.9 20.9 209 - 20.9 21.1 - 214
100 sq miles 11.2 16.9 18.7 18.7 - 18.7 18.9 - 192
200 sq miles 10.5 158 17.6 17.6 - 17.6 17.7 - 179
300 sq miles 9.1 131 14.7 147 - 14.7 14.9 - 149
1000 sq miles 7.8 10.9 12.2 122 - 12.2 12.2 - 12.3
3000 sq miles 4.5 6.0 6.5 6.5 - 6.5 6.6 - 6.6
10000 sq miles 0.0 0.0 0.0 0.0 - 0.0 0.0 - 0.0
20000 sq miles 0.0 0.0 0.0 0.0 - 0.0 0.0 - 0.0
Storm or Storm Center Name SPAS -1034-Enid, OK
Storm Date(s) 10/10/73
Storm Type MCC
Storm Location 3638 N 078TW
Storm Center Elevation 1250
|Precipitation Total & Duration 20.00 Inches 15-hours NCDC Storm Data report
Storm Representative Dewpoint J5.0F 12
Storm Representative Dewpoint Location 3333N 9633 W
MManimum Dewpoint T65F
Moisture Inflow Vector SS8E @ 225
JIn-place Maximization Factor 1.08
Temporal Transposition (Date) 25-8ep 5 9]
Transposition Dewpoint Location 30.30N 06.02°W 78 17
Transposition Maximum Dewpoint T13F
Transposition Adjustment Factor
Grid Point Elevation 350
|Highest Elevation in Basin 14 344
|infiow Barsier Height
Elevation Adjustment Factor
Total Adjustment Factor 1.16

Appendix F: Table F.47: Storm spreadsheet for Enid, OK, October 10, 1973
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Storm 1034 - Enid OK, October 9 - 12, 1973

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration {(hours)
Area (mi’) 1 2 3 4 5 6 12 18 24 36 45 72 96 total
1 277 4.26 5.74 7.96 922 1122 17.09 18.98 19.02 19.02 19.20 19.38 19.45 19.45
10 265 4.07 5.50 761 8.81 10.73 16.33 18.07 16.07 18.07 18.27 18.51 18.58 18.58
100 238 363 4.98 583 7.90 9.65 14.64 16.19 1620 16.20 16.37 16.58 16.64 16.64
200 221 340 4.79 643 7.40 9.09 13.69 15.19 1521 1621 15.30 1551 1557 1557
500 204 293 443 550 6.33 fat) 1132 12.69 1269 12.69 12.86 12.89 13.06 13.06
1,000 1.85 2.65 3.89 458 5.40 6.71 9.45 10.53 1063 1053 10.60 10.63 10.89 10.69
5,000 0.54 1.48 2.38 276 3.18 3N 5.18 5.63 5.63 563 567 568 6.32 6.32
SPAS #1034 DAD Curves ——1-hour
Enid, OK October 9 - 12, 1973
—+—2-hour
10,000
—=— 3-hour
—+—4-hour
1,000 4 5-hour
\ -
™ ] —+—G-hour
& L .
E \ 12-hour
‘g 100 4 \_II B ._
L4 —=— 18-hour
\ 24-hour
10 1 \ \ 36-hour
| ——48-hour
1
\ —+—72-hour
1 . ' ) ) ) : Ll ' ) : )
0 2 4 6 8 10 12 14 O Total storm
4 G B (96-hour)
Maximum Average Depth of Precipitation (inches)

Appendix F: Table F.48:

Depth-area-duration values Appendix F: Figure F.63: Depth-area-duration chart for
Enid, OK, October 10, 1973
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Accumulated Precipitation (inches)

Mass Curve - Storm #1034 - October 9 - 12, 1973
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Appendix F: Figure F.67: Mass curve chart for Enid, OK, October 10, 1973
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Appendix F: Figure F.68: Total storm isohyetal analysis for Enid, OK, October 10, 1973
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Bayfield, CO, AWA 22

September 3, 1970
Storm Type: Remnant Tropical
Grid Points Used: 22
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Storm Name: SPAS_1075-Norma-Zone 4
Storm Date: 9/4-6/1970 Storm Adjustment for ANO Grid Point 22
AWA Analysis Date: :12/21/2013
Temporal Transposition Date 20-Aug
Lat Long Moisture Inflow Direction: SWa@ 410  miles
Storm center location A7.56N 10788 W (Grid Point Elevation 9,871 feet
Storm Rep dew point location 32.79N 11213 W Storm Center Elevation 9.825 feat
Transposition dewpoint location  34.30N 110.80 W Storm Rep Analysis Duration 24 hours
(Grid Point location 39.00N 10650 W
The storm representative dew pointis  75.0F with total precipitable water above sealevel of 2.85  inches.
The in-place maximum dew pointis  76.5F with total precipitable water above sea level of 3.07 inches.
The transpositioned maximum dew pointis  76.0F with total precipitable water above sealevel of 2.99  inches.
The in-place storm elevationis 9,825 which subtracts  1.84 inches of precipitable water at 75.0F
The in-place storm elevationis 9,825 which subtracts 195 inches of precipitable water at 76.5F
The transposition barier elevationat 9,871 which subtracts 191 inches of precipitable water at T6.0F
The Grid point/inflow barrier heightis 9,871 which subtracts 1.91 inches of precipitable water at 76.0 F

The in-place maximization factor is 1.11 MNotzs: Storm rep Td talken from KGE\': EYUM 24hr ave
The transposition factor is 0.96
Orographic Transpostion Factor 1.00
The total adjustment factor is 1.07
|Observed Storm Depth-Area Duration
1 Hours | 2 Hours 3 Hours 4 Hours 5 Hours 6 Hours : 12 Hours 36 Hours 438 Hours
1 sq miles 1.5 2.3 3.3 38 4.1 4.6 7.9 11.5 11.7
10 sq miles 1.5 23 33 38 4.1 414 7.7 11.1 11.2
30 sq miles 1.5 2. 3.1 35 3.7 4.0 6.6 10.0 10.2
100 sq miles 14 2.3 2.9 34 a7 4.0 6.3 0.6 0.7
200 sq miles 1.3 22 2.8 32 3.6 3.9 6.1 9.0 9.1
300 sq miles L0 1.9 2.6 3.0 33 3.5 5.6 8.2 8.3
1000 sq miles L0 18 23 2.7 3.0 32 5.0 7.5 7.6
2000 sq miles 0.8 L6 2.0 23 2.7 2.8 4.5 6.6 6.8
3000 sq miles 0.6 12 1.4 18 21 23 a7 5.6 5.8
10000 sq miles 0.2 0.8 1.0 1.3 1.5 1.8 3.0 4.6 4.9
Adjusteded Storm Depth-Area-Duration
1 Hours | 2 Hours 3 Hours 4Houws | SHows ;| 6Hours | 12 Howrs ;| 24 Hours | 36 Hours | 48 Hours
1 sq miles L6 2.5 3.5 4.0 4.3 5.0 8.5 11.9 12.3 12.5
10 sq miles L6 15 3.5 4.0 4.3 4.7 8.3 11.5 11.8 11.0
30 sq miles 1.6 24 33 38 3.9 4.3 7.1 10.5 10.7 10.9
100 sq miles 1.5 24 3.0 a7 3.9 4.2 6.8 10.0 10.2 10.4
200 sq miles 1.4 2.3 3.0 34 3.8 4.1 6.5 9.4 9.6 9.7
300 sq miles L1 2.0 2.8 32 3.5 3.8 6.0 8.6 8.8 8.9
1000 sq miles 11 L9 25 1.8 32 34 5.4 7.7 8.0 8.2
2000 sq miles 0.8 1.7 22 2.5 2.9 3.0 4.8 6.9 7.1 7.3
3000 sq miles 0.6 12 1.5 2.0 22 25 4.0 5.8 6.0 6.2
10000 sq miles 0.3 0.9 1.1 1.4 1.6 2.0 3.2 4.7 4.9 5.2

Storm or Storm Center Name

SPAS-1075-Norma-Zone 4

Storm Date(s) /4-6/1970

Storm Type Tropical

Storm Location 3736N 107.38 W
Storm Center Elevation 0823

|Precipitation Total & Duration (10 sq mi)

12.01 inches 48 hours 3.85" in Lhr and 11.42" in 24hrs (SPAS 1073 DAD)

Storm Representative Dewpoint 150F 24 hr ave KGBN, KYUM
Storm Eepresentative Dewpoint Location 32.719N 112.13W
|In-place Maximum Dewpoint T635F
|nvoisture Inflow Vector SW @410
|In—p1ace Maximization Factor
Temporal Transposition (Date) 20-Aug
Transposition Dewpoint Location 3430N 110.80 W
Transposition Maximum Dewpoint T60F
Transposition Adjustment Factor
(irid Point Elevation o871
|Highest Elevation in Basin 14344
|mnflow Barrier Height 5,871
Elevation Adjustment Factor
Total Adjustment Factor 1.07

Appendix F: Table F.49
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Storm 1075 - Northern Mexico, Arizona, Colorado and Utah Sep 3, 1970 (0700 Z) - Sep 8,1970 (0600 Z)
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
Area (mi2) 1 12 18 24 36 48 72 96 Total
0.27 0.82 1.07 14 177 212 237 371 4.83 507 527 59 5.95 5.95 5.95
1 0.42 0.71 1.02 1.46 1.73 2.08 3.36 447 473 4.96 5.54 5.62 5.62 5.62
5 0.42 0.71 1.02 1.46 1.73 2.08 3.36 4.47 473 4.96 5.54 5.62 5.62 5.62
10 0.42 0.71 1.02 1.46 1.73 2.08 3.36 447 473 496 5.54 5.62 5.62 5.62
20 0.42 0.71 1.02 1.46 1.73 2.08 3.36 4.46 473 493 5.54 5.62 5.62 5.62
50 0.42 0.71 1.02 1.46 1.73 2.08 3.36 4.18 469 486 5.54 5.62 5.62 5.62
100 0.42 0.71 1.02 1.45 1.73 2.08 3.36 4.11 461 478 5.45 546 5.58 5.58
200 0.42 0.71 1.02 1.44 1.73 2.08 3.14 4.09 4.51 463 537 5.38 547 547
300 0.42 0.71 1.02 1.43 1.73 2.08 3.03 4.06 14 452 5.29 5.32 5.36 5.36
500 0.42 0.71 1.02 1.4 167 1.91 2.99 3.9 425 443 515 5.18 521 521
1,000 0.42 07 1.01 1.34 1.55 1.69 2.87 3.77 4.06 424 4.93 495 498 498
2,000 0.41 0.67 1 1.23 1.48 1.65 254 3.51 3.78 3.91 461 463 464 464
5,000 0.38 0.6 0.82 113 1.31 1.49 234 2.93 3.23 342 3.82 3.9 3.98 3.98
10,000 0.33 0.53 0.75 0.97 1.14 1.27 1.97 2.56 2.81 275 3.2 3.2 3.34 3.34
20,000 0.23 0.44 0.59 0.67 0.88 1.03 1.53 1.92 217 212 244 235 255 255
40,779 1.01 1.28 1.38 1.42 1.59 1.61 1.61 1.61
Appendix F: Table F.50: Depth-area-duration values for Bayfield, CO, September 3, 1970
SPAS #1075 DAD Curves - Zone #4 SW Colorado Mountains
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Appendix F: Figure F.69: Depth-area-duration chart for Bayfield, CO, September 3, 1970
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Appendix F: Figure F.70: Mass curve chart for Bayfield, CO, September 3, 1970
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Appendix F: Figure F.71: Total storm isohyetal analysis for Bayfield, CO, September 3, 1970
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Big Elk Meadow, CO, AWA 23
May 4, 1969
Storm Type: Frontal
Grid Points Used: 7, 13-14, 21
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Appendix F: Table F.51: Storm spreadsheet for Big Elk Meadow, CO, May 4, 1969
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SPAS 1253 - May 3 (800 UTC) - May 9 (700 UTC), 1969

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)

Area (mi?) 1 3 6 12 18 24 36 48 72 96 120 144 Total
0.3 0.97 182 356 6.00 534 10.64 13.13 16.21 19.41 19.97 20.01 20.1 20.01
1 0.94 177 350 5.90 3.20 10.46 12.92 16.94 19.09 19.65 19.69 19.69 19.69
10 0.80 165 297 506 7.09 9.08 11.26 1383 16.57 1710 1712 17.16 1716
25 0.75 147 255 4.29 6.27 513 10.04 12 25 14.70 16.32 1558 16.64 15.64
50 0.71 1.30 211 3.82 557 742 914 11.22 13.51 13.93 14.01 14.28 14 28
100 0.67 125 2.06 355 510 6.36 5.00 9.49 1153 12.37 13.41 13.46 13.46
150 0.65 122 1.91 342 487 6.27 7.81 9.48 11.40 11.73 13.01 1311 1311
200 0.63 1.19 1.86 332 4.60 6.21 763 929 11.21 11.36 12 61 12.76 1276
300 0.57 1.14 1.74 317 443 567 7.25 8.36 11.00 11.32 11.80 12 .06 12 .06
400 0.56 1.09 1.66 293 418 550 6.80 7.97 10.63 11.26 11.27 11.36 11.36
500 0.53 1.05 1.66 292 413 538 6.70 7.94 9.54 10.54 11.14 11.14 11.14
1,000 0.48 0.9 1.52 2.66 307 477 5.98 71 9.43 10.07 10.38 10.38 10.38
2,000 0.39 0.75 1.29 237 335 4.06 521 6.30 8.65 8.87 9.20 923 923
5,000 0.2v 0.60 1.04 1.86 242 315 4.20 4.72 6.44 7.058 727 7.35 7.35
10,000 0.19 0.47 0.85 1567 1.97 2.38 3.25 352 4.44 554 587 593 593
20,000 011 0.32 0.65 1.18 1.50 1.79 2.38 273 312 4.06 4.08 4.18 418
38,492 0.08 0.21 0.39 0.72 0.93 1.15 147 1.95 2.58 282 286 2 86 2.86
Appendix F: Table F.52: Depth-area-duration values for Big Elk Meadow, CO, May 4, 1969
SPAS #1253 DAD Curves Zone 1
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Appendix F: Figure F.72: Depth-area-duration chart for Big Elk Meadow, CO, May 4, 1969
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Appendix F: Figure F.73: Mass curve chart for Big Elk Meadow, CO, May 4, 1969
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Appendix F: Figure F.74: Total storm isohyetal analysis for Big Elk Meadow, CO, May 4, 1969
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Wooster, OH, AWA 24

July 4, 1969
Storm Type: Frontal/ MCC
Grid Points Used: 8-11, 16-18
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Storm Name: Wooster, OH SPAS 1209
Storm Date; 7/4-7/1969 Storm Adjustment for ANO Grid Point 8
AWA Analysis Date: :12/14/2013
Temporal Transposition Date 15-Jul
Lat Long Moisture Inflow Direction SWa 140 miles
Storm Center Location 4091 N 8L9TW (Grid Point Elevation 1,200 feet
Storm Rep Dew Point Location 3943N 83.80 W Storm Center Flevation 1,150 feet
Transposition Dew Point Location 41.25N 94.46 W Storm Rep Analysis Duration 24 hours
Grid Point Location 37.50N  93.00W
The storm representative dew pointis  76.0F with total precipitable water above sea level of 2.99 ifches.
The in-place maximum dew pointis  T8.0F with total precipitable water above sea level of 329 inches.
The transpositioned maxvimum dew pointis  80.5F with total precipitable water above sea level of 3.68  inches.
The in-place storm elevationis 1,150 which subtracts 0.30 inches of precipitable water at 76.0F
The in-place storm elevationis 1,150 which subtracts 0.32 inches of precipitable water at T8.0F
The transposition basin elevationat 1,200 which subtracts 0.30 inches of precipitable water at 80.5F
The Grid point/inflow barrier heightis 1,000 which subtracts 0.30 inches of precipitable water at 80.5F

The in-place storm mavimization factor is 1.10 Notes: DAD values taken from SPAS 1209, Storm representative
The transposition ‘elevation to basin factor is 1.14 dew point value was based on maximum 24-hr Td values between
The barrier adjustment factor is 1.00 July 4-3, 1969 at KILN, KFFOQ, and KCVG.
The total adjustment factor is 1.25
|Observed Storm Depth-Area Duration

1 Hours 3 Hours 6 Hours 12Hours | 18Hours : 24 Howrs | 36 Hours : 48 Howrs : 72 Hours

1 sq miles 4.6 6.2 8.8 12.7 143 14.4 14.5 14.6 14.7

10 =g miles 4.2 6.0 8.7 12.3 13.7 13.7 13.8 14.0 14.0

100 sq miles 2.9 5.7 8.0 10.7 120 12.1 12.1 12.6 12.8

200 =g miles 1.5 5.5 7.7 10.4 11.6 11.6 11.7 12.2 124

300 =g miles 2.1 4.8 7.3 9.9 11.0 11.0 11.2 11.6 11.8

1000 sg miles 1.7 4.2 6.9 9.3 10.3 10.5 10.7 11.0 11.3

2000 sq miles 1.5 .7 6.2 8.5 9.4 9.7 9.8 10.2 10.4

3000 sg miles 1.0 2.6 4.5 6.3 7.0 7.1 7.4 7.6 7.9

10000 sq miles 0.5 L6 2.7 4.4 4.7 4.8 5.4 5.5 5.8

20000 sg miles 0.2 1.0 1.8 2.6 3.4 3.5 3.7 a8 4.0

Adjusted Storm Depth-Area Duration

1 Hours 3 Hours 6 Hours 12Houwrs : 18 Howrs | 24 Howrs : 36 Hours | 48 Howrs @ 72 Hours

1 sg miles 5.8 7.8 11.0 15.9 18.0 18.1 18.1 18.3 18.5

10 sg miles 53 7.6 10.9 15.4 17.1 17.2 17.3 17.5 17.6

100 sq miles a7 7.2 10.0 13.4 151 15.1 15.2 15.8 16.1

200 sg miles 3.2 6.3 9.7 13.0 14.5 14.5 14.7 153 15.6

300 =g miles 2.6 6.1 9.2 12.4 13.7 13.7 14.0 14.6 14.8

1000 sg miles 2.1 5.2 8.7 11.6 129 13.2 13.4 13.8 14.1

2000 sq miles 1.8 4.7 7.8 10.6 11.8 12.1 12.3 12.7 13.0

3000 sq miles 1.3 33 5.6 7.9 8.8 8.9 9.3 2.6 9.9

10000 sq miles 0.7 1.9 33 5.5 5.9 6.1 6.8 6.9 7.3

20000 sq miles 0.4 1.2 2.3 33 4.2 4.4 4.6 4.7 5.0

Storm or Storm Center Name

Wooster, OH SPAS 1209

Storm Date(s) 1/4-7/1969

Storm Type Synoptic

Storm Location 4091 N 3aTW
Storm Center Elevation 1150

|Precipitation Total & Duration

14.73 Inches 72-hours

Storm Representative Dewpoint T60F 24
Storm Representative Dewpoint Location 04N 33.80W
Mazximum Dewpoint J80F
Moisture Inflow Vector SW @ 140 Miles
Jin-place Maximization Factor 1.10
Temporal Transposition (Date) 15-Jul
Transposition Dewpoint Location 4125N 9446 W
Transposition Maximum Dewpoint 803F
Transposition Adjustment Factor 1.14
(Grid Point Elevation 1,200
|Eighest Elevation in Basin 14344
|inflow Barrier Height 1,000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.25

Appendix F: Table F.53:

Storm spreadsheet for Wooster, OH July 4, 1969
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Storm 1209 - July 4 (0600 UTC) - July 7 (0500 UTC),1969
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
Area (mi’) 1 2 3 6 12 18 24 36 43 72 Total
0.3 4.82 533 6.41 8.95 13.02 14.58 14.67 14.69 14.94 14.95 14.95
1 4.62 511 6.24 8.81 12 67 14.32 14.44 14.45 14.63 14.73 14.73
10 4.2 472 6.02 5.66 12.26 13.66 13.74 13.77 13.97 14.02 14.02
25 3.75 4 56 5.94 5.46 11.81 13.13 13.21 13.23 13.47 13.58 13.68
50 33 4.42 5.84 8.25 11.14 12 57 12 .59 12 649 12.97 13.19 13.19
100 293 427 571 799 10.72 12.02 12 .06 1214 12 .59 12 83 12 .83
150 2.66 417 558 7.81 10.59 11.63 11.66 11.88 12 35 12.6 12 .60
200 254 4.09 545 772 10.4 11.56 11.6 11.69 1218 12 44 12 .44
300 235 3.96 522 7.46 1014 11.3 11.3 11.44 11.94 1219 12.19
400 22 383 502 744 9.97 11.1 11.18 11.31 11.75 12 12.00
500 2.1 372 4.83 7.34 9.88 10.95 10.96 11.16 11.61 11.84 11.84
1,000 1.71 331 418 6.9 9.27 10.28 10.52 10.66 11.04 11.27 11.27
2,000 1.45 282 372 6.23 8.48 9.38 9.67 983 10.15 10.39 10.39
5,000 1 1.93 2.64 4.45 6.27 7.02 7.09 7.4 7.62 79 7.90
10,000 0.54 1.14 1.55 2 66 4.35 4.74 4.83 542 552 5.81 5.81
20,000 0.33 0.69 0.97 1.82 2.64 3.37 347 3.65 3.78 3.98 3.98
28,279 0.27 0.51 0.74 1.33 2.13 25 2.59 279 2.89 3.06 3.06

Appendix F: Table F.54: Depth-area-duration values for Wooster, OH July 4, 1969
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Appendix F: Figure F.74: Depth-area-duration chart for Wooster, OH July 4, 1969
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Appendix F: Figure F.75: Mass curve chart for Wooster, OH July 4, 1969
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Appendix F: Figure F.76: Total storm isohyetal analysis for Wooster, OH July 4, 1969
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Gladewater, TX, AWA 25
April 27, 1966
Storm Type: Frontal
Grid Points Used: 1-3, 8-10, 16-17
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|Smrm Name: SPAS 1181-Glad , TX
|Storm Date: 4/22-5-1/1966 Storm Adjustment for ANO Grid Point 1
|AWA Analysis Date: 12/14/2013
Temporal Transposition Date 15-May
Lat Long Moisture Inflow Direction: SSE @ 130 miles
Storm center location 32.80N 2471 W Grid Point Elevation as0 faet
Storm Rep S5T location 31.00N 94.00 W Storm Center Flevation 250 feet
Transposition S5T location 3L5IN 9749 W Storm Rep Analysis Duration 24 hours
(Grid Point location 3531N 93.23 W
The storm representative 55T is T15F with total precipitable water above sea level of 242 inches.
The in-place maximum 55T is T70F with total precipitable water above sea level of 314 inches.
The transpositioned maximum 85T iz TI0F with total precipitable water above sea level of 314 inches.
The in-place storm elevation is 250 which subtracts 0.06 inches of precipitable water at 71.5F
The in-place storm elevation is 250 which subtracts 0.07 inches of precipitable water at 77.0F
The transposition storm elevation at 350 which subtracts 0.28 inches of precipitable water at T7.0F
The Grid point/inflow barrier height is 1,050 which subtracts 0.28 inches of precipitable water at 77.0F
The in-place maximization factor is 1.30 ot
The transposition factor is 0.93
The elevation/barrier adjustment factoris 1.00
The total adjustment factor is 1.21
Observed Storm Depth-Area-Duration
6 Hours 12 Hours 13 Hours 24 Howrs 30 Hours 36 Hours 48 Hours &0 Hours 72 Hours
10 sq miles 8.8 10.6 10.8 141 - 17.5 18.1 - 20.5
100 sq miles 7.9 9.5 9.6 12.5 - 14.9 15.2 - 18.2
200 =q miles 7.4 2.0 9.1 11.6 - 13.1 143 - 17.0
300 sq miles 6.6 8.1 8.2 10.3 - 12.6 13.0 - 16.7
1000 sq miles 6.0 7.0 7.1 2.3 - 11.8 12.2 - 15.9
2000 sq miles 4.9 6.0 6.1 8.1 - 10.2 11.0 - 14.6
3000 sq miles 34 4.8 5.1 6.4 - 8.6 8.6 - 11.6
10000 sq miles 2.7 4.0 4.1 5.0 - 7.3 74 - 10.6
20000 sg miles 2.1 3.4 3.9 4.3 - 5.6 6.0 - 9.0
Adjusted Storm Depth-Area-Duration
6 Hours 12 Hours 18 Hours 24 Hours 30 Hours 36 Hours 48 Hours 60 Hours 72 Hours
10 sq miles 10.7 12.8 13.1 17.1 - 211 21.9 - 24.8
100 sq miles 9.5 11.5 11.6 151 - 18.1 18.5 - 221
200 =q miles 9.0 10.9 11.0 141 - 158 17.2 - 20.6
30 sq miles 8.0 2.8 2.0 12.5 - 15.3 15.8 - 202
1000 sq miles 7.2 8.5 8.7 11.2 - 14.3 14.7 - 10.2
2000 sg miles 6.0 7.2 7.4 2.9 - 12.4 13.3 - 17.7
3000 sq miles 41 5.9 6.2 7.7 - 10.4 10.4 - 14.0
10000 sq miles a2 4.9 5.0 6.1 - 8.8 9.0 - 12.9
20000 sg miles 2.6 4.1 4.7 5.2 - 6.8 7.2 - 10.9
Storm or Storm Center Name SPAS 1181-Gladewater, TX
Storm Date(s) 4/22-5-1/1966
Storm Type General Storm
Storm Location 3280N MI1TW
Storm Center Elevation 250
Precipitation Total & Duration {10 sq mi) 23.33 inches in 206 howurs, 18.57" in 72hrs
Storm Representative S5T J15F
Storm Representative 88T Location LN 0400 W M
In-place Maximum SST TI0F i
Moisture Inflow Vector SSE @ 130
|In-place Maximization Factor
Temporal Transposition (Date) 13-May
Transposition Dewpoint Location 3152N oT40W M
Transposition Maximum 58T TI0F 17
Transposition Adjustment Factor
Grid Point Elevation 330
Highest Elevation in Basin 143
|Inflow Barrier Height
Elevation Adjustment Factor
Total Adjustment Factor 1.21

Appendix F: Table F.55:
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Storm 1181 - April 22, 1966 (1400 UTC) - May 1, 1966 (0400 UTC)
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
Area (mi?) 1 3 6 12 18 24 38 43 72 96 120 144 168 192 206 Total
0.30 2.98 5.88 917 10.89 11.12 14.53 18.21 18.57 21.04 2.7 2117 21.59 23.27 2521 25.28 2528
1 292 5.75 8.97 10.59 10.80 14.13 17.74 18.09 20.49 20.68 20.69 2110 22.51 2441 24.52 2452
10 292 5.68 5.82 10.59 10.80 14.12 17.45 18.07 20.49 20.68 20.69 2110 22.51 2441 24.52 2452
25 2.83 5.67 8.35 10.32 1047 13.69 16.88 17.38 20.01 2013 2013 20.61 22.51 2441 24.52 2452
50 21 5.43 8.21 9.96 10.13 13.16 16.14 16.47 19.11 19.42 19.46 19.53 22.51 2441 24.52 2452
100 2.54 5.23 7.87 9.48 9.61 12.46 14.93 15.23 18.20 18.57 18.67 19.35 22.28 24.22 24 46 24.46
150 2.44 5.08 7.67 9.15 9.24 11.98 14.43 14.74 17.64 18.15 18.15 19.02 2212 23.84 24.30 24.30
200 2.36 4.96 7.42 5.98 9.09 11.60 13.07 14.28 17.02 17.98 18.02 18.89 21.95 23.80 2414 2414
300 218 477 7.19 8.63 5.74 10.67 12.91 13.78 16.67 17.65 17.88 18.63 21.61 23.72 23.82 23.82
400 2.16 4.61 6.99 8.31 8.38 10.48 12.75 13.39 16.67 17.27 17.30 18.31 21.41 23.32 23.55 23.55
500 1.99 423 6.62 5.08 5.19 10.31 12.59 13.01 16.66 17.19 17.26 17.90 2.1 23.15 23.29 23.29
1,000 1.74 382 5.97 7.01 7.14 9.28 11.83 12.17 15.85 16.49 16.70 17.35 20.22 21.60 22.20 22.20
2,000 1.48 3.24 494 5.97 6.10 8.13 10.22 10.97 14.62 15.22 15.34 16.02 18.68 20.32 20.60 20.60
5,000 1.02 221 3.38 4.84 5.13 6.38 8.56 8.56 11.67 11.93 13.28 13.60 14.97 17.43 18.28 18.28
10,000 0.84 1.73 2.68 4.04 4.14 5.01 727 741 10.61 11.50 11.87 12.20 13.75 15.98 16.30 16.30
20,000 0.61 1.38 21 3.38 3.88 432 5.64 5.95 5.98 9.52 9.53 9.92 12.48 14.03 14.34 14.34
50,000 0.34 1.00 1.52 257 2.88 3.44 420 4.84 6.94 7.86 7.97 5.44 9.21 10.90 11.37 11.37
110,790 0.20 0.52 0.81 1.50 1.50 1.77 2.92 3.28 4.96 5.68 5.80 6.18 7.06 7.87 5.14 5.14

Appendix F: Table F.56: Depth-area-duration values for Gladewater, TX, April 27, 1966
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Appendix F: Figure F.77: Depth-area-duration chart for Gladewater, TX, April 27, 1966
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Appendix F: Figure F.78: Mass curve chart for Gladewater, TX, April 27, 1966
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Appendix F: Figure F.79: Total storm isohyetal analysis for Gladewater, TX, April 27, 1966
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Edgerton, MO, AWA 26

July 18, 1965
Storm Type: Fronta/ MCC
Grid Points Used: 1-4, 8-11, 16-18
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Storm Name: SPAS 1183-Edgerton, MO
Storm Date: 7/18-20/1965 Storm Adjustment for ANO Grid Point 1
AWA Analvsis Date: (12/14/2013
Temporal Transposition Date 15-Jul
Lat Long Moisture Inflow Direction SW@ 100  miles
Storm Center Location 4041N 9551W (Grid Point Elevation 350 feet
Storm Rep Dew Point Location 3922N 9658 W Storm Center Elevation 950 feet
Transposition Dew Point Location 41.54N 0360 W Storm Rep Analysis Duration 24 hours
(Grid Point Location 3531N 9323 W
The storm representative dew pointis  76.0F with total pracipitable water above sealevel of 2.99  inches.
The in-place maximum dew pointiz  80.5F with total pracipitable water above sealevel of 3.68  inches.
The transpositioned mavimum dew pointis  80.5F with total precipitable water above sealevel of 3.68  inches.
The in-place storm elevation is 950 which subtracts ~ 0.25 inches of precipitable water at T6.0F
The in-place storm elevation is 950 which subtracts  0.29 inches of precipitable water at 805F
The transposition storm elevationat 350 which subtracts  0.30 inches of precipitable water at 80.5F
The Grid Point/inflow barrier heightis 1,000 which subtracts  0.30 inches of precipitable water at 80.5F
The in-place maximization factor is 124 Notes:
The transposition factor is 1.00
The elevation/barrier adjustment factor is 1.00
The total adjustment factor is 1.23
|observed Storm Depth_Area Duration
1 Hours | &6 Hours 12 Hours 18 Hours : 24 Hours : 30 Hours | 36 Hours | 48 Hours : 60 Hours ;| 72 Hours
1 sq miles a7 118 16.7 17.3 18.0 - 15.3 154 20.1 -
10 sq miles a5 11.1 154 16.5 17.6 - 19.0 19.1 19.7 -
100 sq miles 24 7.5 11.0 11.5 134 - 15.3 16.4 172 -
200 sq miles 18 6.2 9.2 9.9 12.7 - 142 154 16.2 -
300 =q miles 14 4.4 6.1 82 10.9 - 13.4 139 15.2 -
1000 =q miles 12 a7 58 7.6 0.5 - 12.1 13.0 13.8 -
2000 sq miles Lo s 4.9 6.8 8.7 - 10.8 118 12.7 -
3000 sq miles 0.6 2.7 a8 5.6 6.9 - 85 2.7 10.4 -
10000 =q miles 0.4 21 3z 4.0 5.2 - 7.0 7.7 82 -
20000 sq miles 0.3 1.4 22 2.8 3.6 - 4.9 5.4 5.8 -
Adjusted Storm Depth-Area-Duration
1 Hours : 6 Hours 12 Hours 18 Hours | 24 Hours | 30 Hours | 36 Hours | 48 Hours | 60 Hours ;| 72 Hours
1 sq miles 4.5 145 20.6 213 222 - 237 238 24.7 -
10 sq miles 4.3 13.7 19.0 20.3 2l6 - 234 234 242 -
100 sq miles 30 9.2 135 14.2 16.5 - 18.8 202 212 -
200 sq miles 22 7.6 11.4 122 156 - 17.4 189 19.9 -
300 sq miles 17 5.4 7.5 10.0 134 - 16.4 17.1 18.7 -
1000 =q miles L5 4.6 7.1 2.3 1.7 - 14.9 16.0 17.0 -
2000 sq miles 12 4.3 6.1 8.4 10.8 - 13.2 145 15.6 -
3000 sq miles 0.8 a3 4.7 6.9 8.5 - 10.5 119 12.8 -
10000 =q miles 0.5 25 a9 4.9 6.4 - 8.6 9.4 10.1 -
20000 =g miles 0.4 1.8 2.7 3.5 4.4 - 6.0 6.6 7.1 -

Storm or Storm Center Name

SPAS 1183-Edgerton, MO

Storm Date(s) 7/18-20/1963

Storm Type General Storm/ MCC
Storm Location 4041N 9351W
Storm Center Elevation 930

|Precipitation Total & Duration (10 sq mi)

20.76 inches in 60hrs, 18.59" in 24hrs

Storm Representative Dew Point T6.0F 24
Storm Representative Dew Point Location 322N 06.58' W
Maximum Dew Point 8035F
Moisture Inflow Vector SW @ 100
|in-place Maximization Factor 124
Temporal Transposition (Date) 13-Jul
Transposition Dew Point Location 413N 93.60W
Transposition Maximum Dew Point 3035F
Transposition Adjustment Factor 1.00
Grid Point Elevation 350
|Highest Elevation in Basin 14,344
|nflow Basier Height 1.000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.23

Appendix F: Table F.57: Storm spreadsheet for Edgerton, MO July 18, 1965
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Storm 1183 - July 18, 1965 (0600 UTC) to July 20 (1800 UTC), 1965
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
Area (mi?) 1 3 6 12 18 24 36 43 60 Total
0.30 307 7.34 12.06 1713 17.80 18.59 19.82 19.86 20.76 20.76
1 3.68 713 177 16.72 17.29 15.04 19.27 19.35 20.08 20.08
10 349 6.79 11.11 15.41 16.49 17.56 19.00 19.06 19.71 19.71
25 3.15 5.96 9.93 14.05 15.23 16.32 18.04 18.12 19.06 19.06
50 283 535 8.83 12.60 13.81 15.05 16.79 17.37 18.27 18.27
100 243 4.36 7.52 10.95 11.54 13.41 15.27 16.39 17.22 17.22
150 2. 4.26 6.84 9.95 11.34 12.96 16.23 15.69 16.66 16.66
200 1.79 3.94 6.18 923 9.90 12 66 1418 15.38 16.18 16.18
300 1.55 2.99 541 7.86 9.53 11.45 13.80 14.49 15.71 15.71
400 152 2.90 474 748 8.30 11.04 13.43 1413 16.44 15.44
500 1.41 273 4.35 6.13 8.7 10.88 13.37 13.88 15.17 1517
1,000 1.21 2.09 3.7 579 T.57 9.438 12.08 13.04 13.83 13.83
2,000 0.98 1.82 3.49 494 6.83 8.74 10.76 11.80 12.70 12.70
5,000 0.64 1.56 269 3.84 L.AT 6.92 8.50 9.66 10.42 10.42
10,000 0.44 1.24 2.06 3.16 4.00 5.23 7.03 7.67 .24 8.24
20,000 0.29 0.82 1.44 2. 2.81 3.59 4.86 5.36 5.81 5.81
35,221 0.18 0.45 0.83 1.17 1.78 2.29 2487 3.46 3.72 3.72

Appendix F: Table F.58: Depth-area-duration values for Edgerton, MO July 18, 1965
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Appendix F: Figure F.80: Depth-area-duration chart for Edgerton, MO July 18, 1965
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Appendix F: Figure F.81: Mass curve chart for Edgerton, MO July 18, 1965
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Appendix F: Figure F.82: Total storm isohyetal analysis for Edgerton, MO July 18, 1965
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Holly, CO, AWA 27

June 16, 1965
Storm Type: MCC
Grid Points Used: 5-6,12, 15, 19-20
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Storm Name:

SPAS 1203 Holly, CO Zone 1

Storm Date: 6/1418/1965 Storm Adjustment for ANO Grid Point 3
AWA Analysis Date: :12/14/2013
Temporal Transposition Date 1-Jul
Lat Long (Moisture Inflow Direction: SSE @ 320  miles
Storm center location 37TT7IN 102.40W (Grid Point Elevation 3,700 feet
Storm Rep dew point location 3350N  100.00W Storm Center Elevation 4,100 feet
Transposition dewpoint location 30.80N 99.67T W Storm Rep Analysis Duration 24 hours
Basin location 3500N  102.00 W
The storm representative dew pointis  75.5F with total precipitable water above sea level of 2.92  inches.
The in-place maximum dew pointis  785F with total precipitable water above sealevel of 337 inches.
The transpositioned maximum dew pointis  79.0F with total precipitable water above sea level of 3.44  inches.
The in-place storm elevationis 4,100 which subtracts 0.94 inches of precipitable water at 75.5F
The in-place storm elevationis 4,100 which subtracts 1.04 inches of precipitable water at T8.5F
The transposition basin elevationat 3,700 which subtracts 0.97 inches of precipitable water at 79.0F
The inflow barrier/basin elevation heightis 3,700 which subtracts 0.97 inches of precipitable water at 79.0 F
The in-place storm maximization factor is 1.17 MNotes: DAD values taken from SPAS 1293 Fone 1. Storm
The transposition/elevation to basin factor is 1.06 representative dew point value was based on maximum 24-hr Td
The barrier adjustment factor is 1.00 valnes batwaen June 14-13, 1963 at KLEE, KABI KFWH,
KMhWL.
The total adjustment factoris 1.25
Ohserved Storm Depth-Area-Duration
1 Hours 3 Hours 6 Hours 12 Hours | 18 Hours ;| 24 Hours | 36 Hours ;| 48 Hours ;| 72 Hours (96 Hours
1 sq miles 38 7.5 13.3 14.1 14.2 16.0 17.1 18.2 18.4 18.6
10 sq miles 38 7.3 133 14.1 142 16.0 17.1 18.2 18.4 18.6
100 sq miles 35 6.6 122 13.0 13.0 14.9 16.0 17.5 175 17.7
200 sq miles 31 58 10.8 11.5 115 13.4 148 16.3 16.3 16.6
300 sq miles 2.0 4.2 7.9 8.5 8.5 10.3 12.0 13.6 144 14.4
1000 sq miles 15 2.7 4.3 5.4 5.5 8.6 9.4 11.4 125 12.5
2000 sq miles 13 22 3.1 3.8 4.6 6.1 7.1 9.5 10.0 10.5
3000 sq miles 0.9 L6 13 1.6 3.5 4.7 53 6.6 7.1 7.1
10000 sq miles 0.4 0.6 0.9 19 22 31 3.5 4.6 4.8 5.2
20000 sq miles 0.2 0.6 0.7 0.9 1.2 1.3 2.8 3.0 3.4 3.8
Adjusted Storm Depth-Area-Duration
1 Hours 3 Hours 6 Hours 12 Hours : 18 Hours ;| 24 Hours | 36 Hours | 48 Hours ;| 72 Hours 96 Hours
1 sq miles 4.8 0.4 16.6 17.6 17.7 10.0 21.3 118 229 231
10 sq miles 4.3 9.1 16.6 17.6 17.7 19.9 21.3 22.8 219 231
100 sq miles 4.4 8.2 152 16.2 16.2 18.6 19.9 218 21.9 22.1
200 sq miles 3.0 7.3 135 14.3 143 16.7 18.4 20.3 204 20.7
300 sq miles 15 5.3 0.0 10.6 10.6 12.0 15.0 17.0 17.9 18.0
1000 sq miles 13 33 5.3 6.7 6.9 10.7 11.7 14.3 15.5 15.5
2000 sq miles L6 2.8 3.9 4.7 5.7 7.6 8.9 11.8 125 13.0
3000 sq miles 11 1.9 2.0 32 4.4 5.0 6.6 8.3 8.0 8.9
10000 sq miles 0.5 0.8 1.2 13 18 38 4.3 58 6.0 6.4
20000 sq miles 0.2 0.7 0.9 1.1 1.5 2.3 3.5 3.8 4.3 4.7
Storm or Storm Center Name SPAS 1293 Holly, CO Zone 1
Storm Date(s) 6/14-18/1963
Storm Type MCC
Storm Location 3TN 102,40 W
Storm Center Elevation 4100
|Precipitation Total & Duration 12.18 Inches 120-hours
Storm Eepresentative Dewpoint 1335F 24
Storm Eepresentative Dewpoint Location 33.50N 100.00 W Jun Jul
MMaximum Dewpoint I835F 78 il
Moisture Inflow Vector SEE @ 320  Miles
|In-place Maximization Factor 117
Temporal Transposition (Date) 1-Jul
Transposition Dewpoint Location 30.80N 0067 W Jun Jul
Transposition Maximum Dewpoint 180F X x
Transposition Adjustment Factor 1.06
Average Basin Elevation 3,700
|Hizhest Elevation i1 Basin 14 344
|inflow Barvier Height 0.00
Elevation Adjustment Factor 1
Total Adjustment Factor 1.25

Appendix F: Table F.59:

Storm spreadsheet for Holly, CO, June 16, 1965

Page 143 of 346




SPAS 1293 - June 14 (800 UTC) - June 20 (700 UTC), 1965

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
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Appendix F: Table F.60: Depth-area-duration values for Holly, CO, June 16, 1965
SPAS #1203 DAD Curves Zone 1
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Appendix F: Figure F.83: Depth-area-duration chart for Holly, CO, June 16, 1965
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Appendix F: Figure F.84: Mass curve chart for Holly, CO, June 16, 1965

Page 145 of 346




0G0 105730 1050w 10" 30y

104" 0y 1030w 1020 030w 102" 0wy 101" 38w 107" 0%

25730M

1010wy

| — ]
0 12525 50

Total 144-hour Precipitation (inches)
06/14/1965 08 UTC - 06/20/1965 07 UTC

Precipitation (inches)

Wooo-100 [ 7o1-800 [ 1401-1500
B ioi-200 sor-900 [ 1501-1600
B z01-300 [ e.01-1000 [ 16.01-17.00
B 201-4.00 7] 10.01-11.00 []17.01- 1800
[ 401-500 [ 11.01-1200 [ ] 18.01-19.00
[]5.01-6.00 [l 12.01-12.00 [] DAD Zones
[Jeo1-7.00 [l 12.01-14.00

Stations

L]
=]
|
o
-]
®
@

SPAS #1293

Hourky

Hourly Estimated
Hourly Est. Psueda
Hourly Pseudo
Craily

Supplemental
Supplemental Est.

Appendix F: Figure F.85: Total storm isohyetal analysis for Holly, CO, June 16, 1965
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Plum Creek, CO, AWA 28

June 15, 1965
Storm Type: MCC
Grid Points Used: 6,13, 15, 21
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|Sur|'m Name:

SPAS 1203 Plum Creek, CO Zone j

[Storm Date: 6/14-18/1965 Storm Adjustment for ANO Grid Point 5
|AWA Analysis Date: :12/14/2013
Temporal Transposition Date 1-Jul
Lat Long Moisture Inflow Direction: SE @ 460 miles
Storm center location 30.19N 10430W (Grid Point Elevation 3,700 feet
Storm Rep dew point location 3350N 10000 W Storm Center Elevation 6,220 feet
Transposition dewpoint location 29.30N 9788 W Storm Rep Analysis Duration 24 hours
Basin location 35.00N  102.00 W
The storm representative dew pointis  75.5F with total precipitable water above sea level of 2.92  inches.
The in-place masximum dew pointis 78.5F with total precipitable water above sea level of 337  inches.
The transpositioned maximum dew pointis  79.5F with total precipitable water above sea level of 3.52  inches.
The in-place storm elevationis 6,220 which subtracts 0.94 inches of precipitable water at 755F
The in-place storm elevationis 6,220 which subtracts 1.04 inches of precipitable water at 785F
The transposition basin elevationat 3,700 which subtracts 0.99 inches of precipitable water at T95F
The inflow barmier'basin elevation heizhtis 3,700 which subtracts 0.99 inches of precipitable water at T9.5F
The in-place storm maximization factor is 1.17 Motes: DAD values taken from SPAS 1293 Zone 1. Storm
The transposition/elevation to basin factor is 1.09 representative dew point value was based on maximum 24-hr Td
The barrier adjustment factor is 1.00 values between June 14-13, 1963 at KLBBE, KABL KFWH,
KMWL.
The total adjustment factoris 1.28
Ohserved Storm Depth-Area-Duration
1 Hours 3 Hours 6 Hours 12 Hours ;| 18 Hours : 24 Hours ;| 36 Hours ! 48 Hours | 721 Hours (96 Hours
1 sq miles 6.5 7.7 11.7 12.7 13.0 13.3 13.5 13.6 15.9 159
10 sq miles 6.0 6.7 9.8 10.6 11.2 11.4 12.2 12.7 14.5 14.6
100 sq miles 3.8 4.5 6.3 8.2 8.2 8.4 0.5 0.9 11.0 11.1
200 sq miles 2.8 3.9 57 7.2 7.3 74 8.4 8.7 10.5 10.8
300 sq miles 2.0 2.7 4.0 5.5 5.9 6.0 7.1 7.4 8.8 8.8
1000 sq miles 1.3 1.8 2.8 4.3 4.4 4.5 5.8 6.2 7.4 7.4
2000 sq miles 0.7 L0 1.8 3.0 32 33 38 4.8 5.9 5.9
3000 sq miles 0.4 0.6 L0 14 15 L6 18 18 4.1 4.2
10000 sq miles 0.2 0.4 0.7 0.8 0.9 13 1.9 23 2.7 2.8
20000 sq miles 0.1 0.2 0.4 0.6 0.7 0.8 1.1 1.3 1.6 1.7
Adjusted Storm Depth-Area-Duration
1 Hours 3 Hours 6 Hours 12 Hours : 18 Hours ;| 24 Hours : 36 Hours ;| 48 Hours ;| 72 Hours 96 Hours
1 sq miles 8.3 9.9 14.9 16.3 16.7 17.0 17.3 17.4 203 20.3
10 sq miles 7.7 8.5 12.6 13.6 14.3 14.6 15.6 16.2 18.6 18.7
100 sq miles 4.8 5.7 8.1 10.4 10.5 10.8 12.1 12.7 153 155
200 sq miles 3.6 4.9 7.3 9.2 9.4 9.5 10.7 11.2 134 13.8
500 sq miles 2.6 5 5.1 7.0 7.6 7.6 9.0 0.5 11.2 11.2
1000 sq miles 1.7 2.3 3.6 5.5 5.6 57 74 7.9 9.4 9.4
2000 sq miles 0.9 12 p] 3.8 4.1 4.2 4.9 6.1 7.6 7.6
3000 sq miles 0.5 0.7 12 1.8 1.9 2.0 3.6 3.6 5.3 5.3
10000 sq miles 0.2 0.5 0.9 L0 12 L6 25 2.9 35 3.6
20000 sq miles 0.2 0.3 0.6 0.8 0.9 1.0 1.4 1.6 2.1 22
Storm or Storm Center Name SPAS 1293 Plum Creek, CO Fone 3
Storm Date(s) 6/14-18/1963
Storm Type MCC
Storm Location 319N 10430 W
Storm Center Elevation 6,220
|EPrecipitation Total & Duration 1628 Inches 120-hours
Storm Bepresentative Dewpoint 133F 24
Storm Representative Dewpoint Location 33.50N 100.00 W Jun Jul
Maximum Dewpoint T85F 78 79
Moisture Inflow Vector SE @ 460 Miles
|it-place Maximization Factor 117
Temporal Transposition (Date) 1-Jul
Transposition Dewpoint Location 2030N 0788 W Jun Jul
Transposition Maximum Dewpoint T05F 79 79.5
Transposition Adjustment Factor 1.09
[Averaze Basin Elevation 3,700
|Eizhest Elevation in Basin 14,344
|inflow Barrier Height 0.00
Elevation Adjustment Factor 1
Total Adjustment Factor 1.28

Appendix F: Table F.61: Storm spreadsheet for Plum Creek, CO, June 15, 1965
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SPAS 1203 - June 14 (800 UTC) - June 20 (700 UTC), 1965
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
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Appendix F: Table F.62: Depth-area-duration values for Plum Creek, CO, June 15, 1965
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Appendix F: Figure F.86: Depth-area-duration chart for Plum Creek, CO, June 15, 1965
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Appendix F: Figure F.87: Mass curve chart for Plum Creek, CO, June 15, 1965
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Appendix F: Figure F.88: Total storm isohyetal analysis for Plum Creek, CO, June 15, 1965
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College Hill, OH, AWA 30

June 3, 1963
Storm Type: MCC
Grid Points Used: 8
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Storm Name: College Hill, OH SPAS 1226
Storm Date; 6/3-5/1963 Storm Adjustment for ANO Grid Point 8
AWA Analysis Date: (12/14/2013
Temporal Transposition Date 15-Jun
Lat Long Moisture Inflow Direction SWa 95 miles
Storm Center Location 40,09 N 8l.65 W Grid Point Elevation 1,200 feet
Storm Rep Dew Point Location 3920N 83.00 W Storm Center Elevation 1,000 feet
Transposition Dew Point Location 42.84 N 93.99 W Storm Rep Analysis Duration 12 hours
Grid Point Location 37.50N  93.00W
The storm representative dew pointis  68.5F with total precipitable water above sea level of 210  inches.
The in-place maxvimum dew pointis 765 F with total precipitable water above sea level of 3.07  inches.
The transpositioned maximum dew pointis  78.0F with total precipitable water above zea level of 329 inches.
The in-place storm elevationis 1,000 which subtracts 0.21 inches of precipitable water at 68.5F
The in-place storm elevationis 1,000 which subtracts 0.27 inches of precipitable water at 76.5F
The transposition basin elevationat 1,200 which subtracts 0.28 inches of precipitable water at 78.0F
The Grid point/inflow barrier heightis 1,000 which subtracts 0.28 inches of precipitable water at 78.0 F

The in-place storm maximiration factor is 1.48 Notes: Storm representative dew point value was based on
The transposition/elevation to basin factor is 1.08 maximum 12hr Td values between June 4-3, 1963 at KLCK,
The barrier adjustment factor is 1.00 FILN, and KHTS.
The total adjustment factor is 1.60
|Observed Storm Depth-Area Duration
1 Hours 3 Hours 6 Hours 12Hours : 18 Hours : 24 Howrs : 36 Hours 48 Hours 72 Hours
1 sq miles 2.5 5.6 10.5 15,1 17.1 17.6 17.7 17.7 -
10 =g miles 2.1 4.6 8.1 124 13.3 13.9 14.0 14,1 -
100 sq miles 1.4 2.9 5.5 7.8 8.6 8.7 9.7 9.9 -
200 =g miles 1.0 2.3 4.5 5.8 6.5 6.6 8.1 8.3 -
300 =g miles 0.6 1.6 22 7 44 53 5.7 6.6 -
1000 sg miles 0.5 13 22 33 34 34 51 52 -
2000 sq miles 0.4 0.5 1.0 2.3 32 33 4.3 4.5 -
3000 sg miles 0.2 0.4 0.7 1.1 1.3 L7 2.9 3.0 -
10000 sg miles 0.1 0.2 0.5 0.8 1.1 13 1.6 1.7 -
20000 sg miles - - - - - - - - -
Adjusted Storm Depth-Area Duration
1 Hours 3 Hours 6 Hours 12Hours : 18 Hours | 24 Howrs : 36 Hours 48 Hours 12 Hours
1 sg miles 4.1 8.9 16.8 241 273 28.0 283 283 -
10 sg miles 33 7.3 129 19.8 21.2 222 224 22.5 -
100 sq miles 2.2 4.6 8.8 12.4 13.7 13.9 15.4 15,7 -
200 sg miles 1.6 a7 7.1 9.3 10.4 10.6 12,9 13.2 -
300 =g miles 0.2 2.6 3.6 5.8 7.0 8.4 9.1 10.5 -
1000 sg miles 0.8 2.0 .5 5.3 5.4 5.4 8.2 8.3 -
2000 sq miles 0.6 0.8 1.6 a7 51 52 6.9 7.2 -
3000 sq miles 0.3 0.7 11 1.7 21 2.7 4.6 4.8 -
10000 sq miles 0.2 0.4 0.7 1.2 1.8 21 2.6 2.7 -
20000 sg miles - - - - - - - - -

Storm or Storm Center Name

College Hill, OH SPAS 1226

Storm Date(s) 6/3-3/1963

Storm Type MCC

Storm Location 4000 N 8165 W
Storm Center Elevation 1,000

|Precipitation Total & Duration

18.39 Inches 48-hours

Storm Representative Dew Point 683 F 12
Storm Representative Dew Point Location 020N 83.00 W
Maximum Dew Point T635F
Moisture Inflow Vector SW @93
Jin-place Maximization Factor 1.48
Temporal Transposition (Date) 15-Jun
Transposition Dew Point Location 4184 N 9399 W
Transposition Maximum Dew Point I180F
Transposition Adjustment Factor 1.08
(Grid Point Elevation 1,200
|Eighest Elevation in Basin 1434
|inflow Barrier Height 1,000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.60

Appendix F: Table F.63:
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Storm 1226 - June 4 (0600 UTC) - June 6 (0600 UTC), 1963
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
Area (mi?) 1 3 B 12 18 24 36 48 Total
0.1 2.81 6.28 11.5 17.08 15.99 19.16 19.37 19.39 19.39
1 264 b.56 10.53 15.07 17.09 17.56 17.7 17.7 17.70
10 2.08 4 56 8.1 12.37 13.28 13.9 14 14.11 14.11
25 1.83 3.9 7.32 10.61 12.1 12.33 12.49 12.72 12.72
50 1.61 3.4 6.46 9.23 10.18 10.23 11.13 11.34 11.34
100 1.36 285 55 7.79 8.59 8.69 9.66 9.86 9.86
150 1.2 25 4.85 7.23 8.14 8.28 8.79 5.98 .98
200 1.02 232 445 58 .54 6.62 8.06 8.26 8.26
300 0.93 1.93 3.54 555 6.26 6.28 7.28 77 7.70
400 0.7 1.67 224 373 5.31 593 6.5 713 7.13
500 0.55 1.61 223 3.66 437 528 573 6.57 B.57
1,000 0.53 1.28 218 3.34 3.37 3.39 512 519 5.19
2,000 0.37 0.52 1.03 23 3.22 3.28 4.3 45 4.50
5,000 017 0.41 0.67 1.09 1.31 1.67 2.86 3 3.00
10,000 0.1 0.24 0.46 0.78 1.12 1.3 1.61 1.7 1.70
10,512 0.1 0.24 0.44 0.75 1.08 1.26 1.5 1.6 1.60

Appendix F: Table F.64: Depth-area-duration values for College Hill, OH June 3, 1963
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Appendix F: Figure F.89: Depth-area-duration chart for College Hill, OH, June 3, 1963
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Appendix F: Figure F.90: Mass curve chart for College Hill, OH, June 3, 1963
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Appendix F: Figure F.91: Total storm isohyetal analysis for College Hill, OH June 1963
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David City, NE, AWA 31

June 24, 1963
Storm Type: MCC
Grid Points Used:
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Storm Name: SPAS 1030-David City, NE
Storm Date: 24-Jun-1963 Storm Adjustment for ANO Grid Point 2
AWA Analysis Date: i12/14/2013
Temporal Transposition Date 9-Jul
Lat Long Moisture Inflow Direction SE@ 175 miles
Storm Center Location 4123 N 2711 W Grid Point Elevation 550 feat
Storm Rep Dew Point Location 3041N 0483W Storm Center Flevation 1,650 feat
Transposition Dew Point Location 4091 N  90.24 W Storm Rep Analysis Duration 6 hours
Grid Point Location 3450N 9550 W
The storm representative dew pointis  73.5F with total precipitable water above sealevel of 267  inches.
The in-place maximum dew pointis  81.0F with total precipitable water above sealevel of 376  inches.
The transpositioned maximum dew pointis  80.5F with total precipitable water above sealevel of 3.68  inches.
The in-place storm elevationis 1,650 which subtracts 0.39 inches of precipitable water at 73.5F
The in-place storm elevationis 1,650 which subtracts 0.51 inches of precipitable water at 81.0F
The transposition basin elevation at 550 which subtracts 0.30 inches of precipitable water at 80.5F
The Grid point/inflow bamier heizhtis 1,000 which subtracts 0.30 inches of precipitable water at 80.5F
The in-place storm maximization factor is 1.43 Notes: Inplace of 1.36 adjusted to 1.50 based on HME. 31
The transposition/elevation to basin factor is 1.04 and 33A guidance. DAD values taken from SPAS 1030.
The barrier adjustment factor is 1.00
The total adjustment factor is 1.49
Observed Storm Depth-Area-Durati
1 Hours 6 Hours 12 Hours 18 Hours | 24 Hours ;| 30 Hours | 36 Hours : 48 Hours | 60 Hours { 72 Hours
1 sq miles 3.9 141 15.6 159 16.0 - 16.0 16.0 - 16.0
10 sg miles 3.7 13.3 14.6 15.0 152 - 152 152 - 152
100 sq miles 3.0 11.2 12.7 13.1 13.2 - 13.2 132 - 132
200 sg miles 2.8 10.5 12.0 12.4 12.5 - 12.5 12.5 - 12.5
300 sq miles 2.4 9.0 10.4 10.8 10.8 - 10.8 10.9 - 10.9
1000 sg miles 2.0 7.8 9.0 9.4 9.5 - 9.5 9.5 - 9.5
3000 sq miles 0.9 4.2 5.9 6.6 6.8 - 6.9 6.9 - 6.9
10000 sq miles 0.6 2.6 4.1 4.6 4.9 - 4.9 5.0 - 5.0
20000 sg miles 0.4 1.5 2.4 2.9 3.1 - 3.1 3.1 - 3.1
Adjusted Storm Depth-Area-Duration
1 Hours 6 Hours 12 Hours 18 Hours | 24 Hours : 30 Hours : 36 Hours : 48 Hours : 60 Hours : 72 Hours
1 sq miles 5.7 20.9 232 23.6 237 - 237 237 - 237
10 sg miles 5.5 19.8 218 22.3 225 - 22.6 2.6 - 225
100 sq miles 4.5 16.7 18.9 19.5 19.7 - 19.7 19.7 - 19.7
200 sg miles 4.2 15.5 17.8 18.4 18.6 - 18.6 18.6 - 18.6
300 sq miles 3.5 13.4 15.5 16.0 16.1 - 16.1 16.1 - 16.1
1000 sq miles 2.9 11.5 13.3 14.0 14.0 - 141 141 - 141
3000 sq miles 13 6.2 8.8 9.8 10.1 - 10.2 10.2 - 10.2
10000 sq miles 0.9 3.9 6.1 6.8 7.3 - 7.3 7.4 - 7.4
20000 sg miles 0.5 2.2 3.6 4.2 4.6 - 4.6 4.7 - 4.7

Storm or Storm Center Name

SPAS 1030-David City, NE

Storm Date(s) 24-Jun-1943

Storm Type MCC

Storm Location 4123 N 9T W
Stonm Center Elevation 1.650

Precipitation Total & Duration

16.50 Inches 24-hours USACE Bucket Survey Data

Storm Eepresentative Dew Point 735F 6

Storm Eepresentative Dew Point Location 04N 0483W

Maximum Dew Point 210F

Moisture Inflow Vector SE@ 173

In-place Maximization Factor 1.43

Temporal Transposition (Date) 0-Jul

Transposition Dew Point Location 4001 N 2024W June July
Transposition Maxmum Dew Point 3F 78.3 81
Transposition Adjustment Factor 1.04

Grid Point Elevation 350

Highest Elevation in Basin 14 344

Inflow Barmier Height 1,000

Elevation Adjustment Factor 1.00

Total Adjustment Factor 1.49

Appendix F: Table F.65: Storm spreadsheet for David City, NE June 24, 1963
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SPAS Storm 1030 - David City, NE, June 22 - 24, 1963
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)

Area |mi%) 1 2 3 4 5 6 12 18 24 36 48 72 total
1 387 7.36 1073 1240 1326 1410 1561 1590 1598 1598 1598 1598 1598
10 3.68 6.98 1018 1182 1260 1340 1480 1502 1515 1513 1513 1516 1516
100 3.03 5.68 8.28 9.72 1059 1137 1275 1314 1323 1323 1323 1323 1323
200 281 521 75T 8.91 9.87 1063 1207 1239 1249 1249 1250 1252 1252
500 237 4.41 6.30 7.38 8.52 917 1033 1079 1082 1084 1086 1087 1087

1,000 1.96 365 519 6.31 7.32 7.89 9.10 9.39 945 947 948 951 951
5,000 0.89 1.80 250 3.18 37 422 5.96 6.64 6.80 6.83 6.87 6.87 6.87
10,000 061 115 1.56 1.99 235 265 4.07 460 4384 491 492 493 493
20,000 0.36 0 66 0.89 1.09 127 153 2 46 285 3.04 3.09 3.10 3.10 3.10
Appendix F: Table F.66: Depth-area-duration values David City, NE June 24, 1963
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Appendix F: Figure C.92: Depth-area-duration chart for David City, NE June 24, 1963
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Appendix F: Figure F.93: Mass curve chart for David City, NE June 24, 1963

Page 160 of 346




arsay L= b aTy [ =iy

g
SPAS Storm #1030 - June 22 to 24, 1963
Total Rainfall (72-hours) - Wahoo, Nebraska
Precipitation (inches)
:um.1.m 401-800 TR :um.um
101200 S0 -0.00 f.01 - 10.00 1301 - 1400
201-300 01-7.00 -um-n.m%um-mw
161 - 400 T 00 1Ot 1200 1501 - 16.00
Gauging Stations ™
o Dody B Hoanly Passudn ‘ 0 5 10 m“h [_1
& Ty - ’w a 10 Ei] A0 MMMI“" -gﬁlh 144 msﬁc:ﬂr:&“*‘:ﬁ.:;:’a

Appendix F: Figure F.94: Total storm isohyetal analysis for David City, NE June 24, 1963
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Ida Grove, IA, AWA 32

August 30, 1962
Storm Type: Frontal/ MCC
Grid Points Used: 1-4, 8-11, 16-18
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Storm Name: EPRI Storm 19 Ida Grove, LA

Storm Date: 30-Aug-1962 Storm Adjustment for ANO Grid Point 1
AWA Analvsis Date: :12/14/2013
Temporal Transposition Date 15-Aug
Lat Long Moisture Inflow Direction S @ 225 miles
Storm Center Location 423IN  954TW (Grid Point Elevation 350 feet
Storm Rep Dew Point Location 310N 954TW Storm Center Elevation 1,200 feet
Transposition Dew Point Location 39.51N 0258 W Storm Rep Analysis Duration 24 hours
(Grid Point Location 3531IN 0323 W
The storm representative dew pointis  7LOF with total precipitable water above sealevel of 236 inches.
The in-place maximum dew pointis  80.0F with total precipitable water above sealevel of 3.60  inches.
The transpositioned mavimum dew pointis  80.5F with total precipitable water above sealevel of 3.68  inches.
The in-place storm elevationis 1,200 which subtracts 0.27 inches of precipitable water at T1.0F
The in-place storm elevationis 1,200 which subtracts 0.35 inches of precipitable water at 80L0F
The transposition basin elevation at 350 which subtracts 0.30 inches of precipitable water at 80.5F
The Grid point/inflow barrier heizhtis 1,000 which subtracts 0.30 inches of precipitable water at B80.5F
The in-place storm maximization factor is 1.50 Notez: DAD values taken from EPRI Storm Number 12, Storm
The transposition/elevation to basin factor is 1.04 representative dew point value was based on average 24-hr Td
The barrier adjustment factor is 1.00 valuas batwean August 30-31, 1962 at KGVW, KIXD, and
KFOE. In place max factor held to 1.50 based on HIVIR. guidance,
The total adjustment factor is 1.56 calculated at 1.56.

Ohbserved Storm Depth-Area-Duration

6 Hours 12 Hours

18 Hours 2MHours | 30Houwrs | 36Hows | 485 Houwrs | 60 Hours | 72 Hours

10 sq miles - - - - - - - - -
100 sq miles 57 8.0 - 122 - 12.9 - - -
200 sq miles 54 7.6 - 11.7 - 123 - - -
500 sq miles 4.8 7.0 - 10.8 - 113 - - -

1000 sq miles 42 6.3 - 9.8 - 10.3 - - -
5000 sq miles 1.6 4.3 - 7.0 - 7.6 - - -
10000 sq miles 21 a5 - 5.8 - 6.6 - - -

20000 sgq miles -

Adjusted Storm Depth-Area-Duration

6 Hours 12 Hours

18 Hours 24 Hours : 30Houwrs | 36Hows | 48 Howrs | 60 Hours | 72 Howurs

10 sg miles - - - - - - - - -
100 sq miles 8.9 12.5 - 19.0 - 20.1 - - -
200 sq miles 8.4 11.9 - 18.3 - 19.2 - - -
300 sq miles 7.5 10.9 - 16.8 - 17.6 - - -
1000 sq miles 6.6 9.8 - 15.3 - 16.1 - - -

3000 sq miles 4.1 6.7 - 10.9 - 11.9 - - -
10000 sq miles 3.3 5.5 - 9.0 - 10.3 - - -

20000 sgq miles -

Storm or Storm Center Name

EPRI Storm 19 Ida Grove, [A

Storm Date(s) 30-Augz-1942

Storm Type Synoptic

Storm Location 4232 N 0547 W
Storm Center Elevation 1,200

Precipitation Total & Duration

12.35 Inches 48-hours EPRI Storm Number 19

Storm Representative Dewpoint TOF 24
Storm Representative Dewpoint Location 39.10N 954TW
Maximum Dewpoint 30.0F

Moisture Inflow Vector 5 @223

In-place Maxmization Factor 1.50

Temporal Transposition {Date) 15-Aug
Transposition Dewpoint Location 3951N 92.58 W
Transposition Maximum Dewpoint 805F

Transposition Adjustment Factor 1.04

Grid Point Elevation 330

Hizhest Elevation in Basin 14344

Inflow Barrier Heizht 1,000

Elevation Adjustment Factor 1.00

Total Adjustment Factor 1.56

Appendix F: Table F.67:

Storm spreadsheet for Ida Grove, IA August 30, 1962
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MAXIMUM AVERAGE DEPTH QF RAINFALL IN INCHES

Area in Duration of Rainfall in Hours
Sq. Miles 12 24 48
100 5.73 7.97 12.2 12.85
200 5.42 7.62 11.65 12,34
500 4 B2 6.98 10.82 13
1000 4.18 6.25 9.78 10.32
5000 2,59 4.31 7.01 7.6
10000 2.1 3.51 5.82 6.58

ISOEYETAL
ANALYSIS

Appendix F: Figure F.95 and Table F.68: Total storm isohyetal analysis and Depth-area-duration values for
Ida Grove, IA August 30, 1962
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Prague, NE, AWA 33

August 1, 1959
Storm Type: Frontal/ MCC
Grid Points Used: 2-4, 8-11, 16-18
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Storm Name: SPAS 1031-Prague, NE

Storm Date: 01-Ang-1959

AWA Analysis Date: {12/21/2013

Storm Adjustment for ANO Grid Point 2

Temporal Transposition Date 1-Aug
Lat Long Moisture Inflow Direction SSE @ 160 miles
Storm Center Location 4136 N 96.83 W Grid Point Elevation 550 feet
Storm Rep Dew Point Location 3022 N 9571 W Storm Center FElevation 1,500 feet
Transposition Dew Point Location 4059 N 91L.39W Storm Rep Analysis Duration 12 hours
(Grid Point Location 34.500N  95S50W
The storm representative dew pointis  72.5F with total precipitable water above sealevel of 254  inches.
The in-place maximum dew pointis  T8.5F with total precipitable water above sea level of 337  inches.
The transpositioned maximum dew pointis  8LO0OF with total precipitable water above sea level of 376  inches.
The in-place storm elevationis 1,500 which subtracts 0.35 inches of precipitable water at T25F
The in-place storm elevationis 1,500 which subtracts 0.42 inches of precipitable water at 785F
The transposition basin elevation at 550 which subtracts 0.30 inches of precipitable water at 81.0F
The Grid point/inflow barrier heightis 1,000 which subtracts 0.30 inches of precipitable water at 81.0F
The in-place storm maximization factor is 1.35 Notes: 12hr average taken from KMCK and KTOPF from 8-1 8Z to 8-
The transposition/elevation to basin factor is 117 1 20Z. In-place maximization factor of 1.51, although a factor of 1.50)
The barmer adjustment factor is L.00 was adopted as the upper limit for this study through guidance
from HMRs 33A and 51. DAD values taken from SPAS 1031.
The total adjustment factor is 1.58
|observed Storm Depth-Area-Duration
6 Hours 12Hours | 18 Houwrs | 24 Howrs | 30 Hours ;| 36 Hours ; 48 Hours 60 Hours 72 Hours
1 sq miles 7.1 9.6 10.1 10.4 - 10.4 10.8 - 10.9
10 sq miles 6.8 9.3 0.7 10.0 - 10.0 10.5 - 10.5
100 =q miles 5.5 7.8 8.4 8.6 - 8.6 9.0 - 0.1
200 sq miles 5.0 7.3 7.9 8.3 - 8.3 8.7 - 8.7
300 sq miles 4.5 6.6 7.1 7.4 - 7.4 7.0 - 8.0
1000 sq miles 4.0 58 6.4 6.3 - 6.8 7.3 - 74
3000 sq miles 22 13 k] 4.1 - 4.1 4.6 - 4.6
10000 sq miles 1.3 2.0 24 2.6 - 2.6 3.0 - 3.0
20000 =g miles - - - - - - - - -
Adjusted Storm Depth-Area-Duration
6 Hours 12Hours | 18 Houwrs | 24 Howrs | 30 Hours ;| 36 Hours ; 48 Hours 60 Hours 72 Hours
1 sq miles 11.2 152 150 16.5 - 16.5 17.1 - 17.2
10 sq miles 10.7 14.6 15.3 15.8 - 15.8 16.6 - 16.6
100 =q miles 8.7 12.2 13.2 13.6 - 13.6 14.2 - 14.4
200 sq miles 7.9 11.6 12.5 13.0 - 13.1 13.7 - 13.8
300 sq miles 7.1 10.3 11.2 11.7 - 11.7 12.5 - 12.6
1000 sq miles 6.4 9.2 10.1 10.8 - 10.8 114 - 11.7
3000 sq miles a5 5.2 6.0 6.4 - 6.4 7.2 - 7.3
10000 sq miles 2.1 32 38 4.1 - 4.1 4.7 - 4.8
20000 =g miles - - - - - - - - -

Storm or Storm Center Name

SPAS 1031-Prague, NE

Storm Date(s) 1-Aug-1939

Storm Type MCC

Storm Location 4136 N 96.88 W
Storm Center Elevation 1.500

|Precipitation Total & Duration

13.09 Inches 24-hours USACE Bucket Survey Data

Storm Representative Dewpoint 1235F 12

Storm Representative Dewpoint Location 3922N 95.71W

Manimum Dewpoint I183F

Ivoisture Inflow Vector SSE @ 160
|In-place Maximization Factor 1.35

Temporal Transposition (Date) 1-Aug July Aug
Transposition Dewpoint Location 4039N 2130 W 81 80.5
Transposition Adjustment Factor 1.17

Transposition Maximum Dewpoint 810F

(Grid Point Elevation 350

|Highest Elevation in Basin 14344

[inflow Barrier Height 1,000

Elevation Adjustment Factor 1.00

Total Adjustment Factor 1.58

Appendix F: Table F.69: Storm spreadsheet for Prague, NE August 1, 1959
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Storm 1031 - Wahoo NE, Jul 31 - Aug 3, 1959

MAXIMUM AVERAGE DEFTH OF PRECIPITATION {INCHES)

Duration fhours)

Area [mE) 1 z 3 4 s g 12 13 24 3 B 72 % frital
1 0 Z18 552 55 5.3 707 Gel 1000 1043 1043 063 aEr & 15F

0 287 403 532 573 .14 £.ED 228 a7 001 100 1045 10490 1090 100
100 215 3l 4 af 453 =51 7.75 B.37 850 BED 59 292 2.52 252
200 Fiv ] s 4m £33 453 408 733 743 825 826 aE7 873 2.1 2.10
500 132 243 345 39 215 451 £.55 7.00 738 7.30 7.04 758 8.45 3.45
1,000 1.07 200 2% 341 3168 402 =80 £.32 g2 fE2 7.32 738 783 7.3
5,000 05d 090 121 172 105 222 37 TE 405 405 458 483 495 405
10,500 025 ass a7 0. 115 13 2 235 257 257 208 am % o7

SPAS #1031 DAD Curves [N

Wahoo NE, Jul 31- Aug 3, 1953

100,000
e HURIP

—a— d-hour

10,000 4

—— E-hour

12-haur

A a ')

o 1 2 3 4 3 [ T B a9 10 11 12 e
Maximum Average Dapth of Precipitation {Inches]

Appendix F: Table F.70 and Figure F.96: Depth-area-duration values and Depth-area-duration chart for Prague,
NE August 1, 1959
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Accumulated Precipitation {inches)

Mass Curve - Storm #1031 - July 31 - August 3, 1959

L Wahoo, Nebraska
12
— Supplemental Station 27
Latitude: 41.3583 _F
Lengitude: -96.5794
10
a8
6 4
4 4
2.4
ﬂ rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrTrr ITrT T I T i T I T T T T T T I T T ITTT T T T T T T TIOTIT
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82 B 88 91 94

Time (hours)

Appendix F: Figure F.97: Mass curve chart for Prague, NE August 1, 1959
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(g 1

Gauging Stations

® Daly © Hourly Pseudo

& Hourly ©® Supplemental

Procipitation (inches)

0261000401
& 1.01- 200 @501 -
@@ 201 - 3006601 .
O -snn@in.

A

500 @R EDT - 200
6.00 i 6.01 - 10.00
7.00 @ 10.01 - 11.00
B.00C > 11.01-1200

e L

SPAS Storm #1031 - July 31 to August 3, 1959
Total Rainfall (96-hours)
Wahoo, Nebraska

:lén—m Coordinate systen. GCE Morth Amenican 1983
] T a 0 Scaig: TETE 467 it et 7. 20T

Appendix F: Figure F.98: Total storm isohyetal analysis for Prague, NE August 1, 1959
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Paris Waterworks, IN, AWA 34

June 27, 1957
Storm Type: Frontal/Tropical
Grid Points Used: 1-2, 8-9, 16
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Storm Name:

HMB-V18 Paris Waterworks, IN

Storm Date: 6/27-28/1957 Storm Adjustment for ANQ Grid Point 1
AWA Analvsis Date: (12/15/2013
Temporal Transposition Date 13-Jul
Lat Long Moisture Inflow Direction: SSE@ 215  miles
Storm Center Location 305N BTTOW (Grid Point Elevation 350 feet
Storm Rep Dew Point Location 36.00N  86T0W Storm Elevation 500 feet
Transposition Dew Point Location 39.68N  91.52W Storm Rep Analysis Duration 12 hours
(Grid Point Location 3531N 09323 W
The storm representative dew pointis  74.0F with total precipitable water above sea level of 2.73  inches.
The in-place maximum dew pointis  8L5F with total precipitable water above sea level of 3.84  inches.
The transpositioned maximum dew pointis  81.0F with total precipitable water above sea level of 3.76  inches.
The in-place storm elevation is 500 which subtracts 0.12 inches of precipitable water at T40F
The in-place storm elevation is 500 which subtracts 0.15 inches of precipitable water at 81.5F
The transposition basin elevation at 350 which subtracts 0.30 inches of precipitable water at 81.0F
The Grid point/Inflow barrier heightis 1,000 which subtracts 0.30 inches of precipitable water at 81.0F

The in-place storm maximization factor is 1.41 Notez: DAD walues taken from EPRI Storm Number 18, HMVE V-
The transposition/elevation to basin factor is 0.04 18. Storm representative Td value was based on maximum 12-hr
The barrier adjustment factor is 1.00 Td values betwean June 27-28, 1957 at KBNA, and KMQT.
The total adjustment factor is 1.32
|Observed Storm Depth-Area Duration
6 Hours 12 Hours 18Houwrs | M4 Houwrs ;| 30Hows | 36Hours | 48 Hours | 60 Hours : 72 Hours
10 sq miles - - - - - - - -
100 =g miles 8.0 10.9 - 11.5 - - - - -
200 sq miles 7.6 10.3 - 11.1 - - - - -
300 =g miles 6.8 9.3 - 10.2 - - - - -
1000 =g miles 6.2 8.4 - 9.4 - - - - -
3000 =g miles 4.4 5.0 - 71 - - - - -
10000 =q miles 36 4.7 - 6.0 - - - - -
20000 sg miles - - - - - - - - -
Adjusted Storm Depth-Area-Duration
6 Hours 12 Hours 18Hours : 24 Hours | 30Howrs | 36Hows | 48 Hours | 60 Hours : 72 Howrs
10 sg miles - - - - - - - -
100 sq miles 10.6 144 - 15.2 - - - - -
200 sq miles 10.1 13.7 - 14.7 - - - - -
300 sq miles 9.0 12.3 - 13.5 - - - - -
1000 sq miles 8.2 111 - 12.5 - - - - -
3000 sq miles 5.8 7.8 - 2.4 - - - - -
10000 sq miles 4.8 6.2 - 8.0 - - - - -
20000 sgq miles - - - - - - - - -

Storm or Storm Center Name

HMB-V18 Paris Waterworks, IN

Storm Date(s) 6/27-28/1937

Storm Type Synoptic

Storm Location O5N 3T.T0W
Storm Center Elevation 300

|Precipitation Total & Duration

12.40 Inches 24-hours HME V-18

Storm Representative Td T40F 12
Storm Representative Td Location 36.00 N 36.70 W
MMaximum Td 815F

Moisture Inflow Vector SSE @ 213 Miles
|In-place Maximization Factor 1.41

Temporal Transposition (Date) 13-Jul

Transposition Td Location 068N 9152 W
Transposition Maximum Td 81.0F

Transposition Adjustment Factor 0.94

Grid Point Elevation 350
|Hizghest Elevation in Basin 14344
|mflow Barrier Height 1000

Elevation Adjustment Factor 1.00

Total Adjustment Factor 1.33

Appendix F: Table F.71:

Storm spreadsheet for Paris Waterworks, IN June 27, 1957
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STORM STUDIES - PERTINENT DATA "SHEET

A | Assignment__ BB = Vi
T ety

-

Locatian
Study Prepored by:

Port I Reviewed by Mydromet
Sec. of Weather Buresn,

Part 1T Approved by Oifice, Chief
of Enginsars for distribution
of factual data,

Areo coverad by Pemark
T__Ifinal tsohystal map, ; e s
& ”f:ui"fmt ¥ ; gy’
5 LOCATION AR ..?1§, =
DATA AND COMPUTATIONS COMPILED
PART T
Prelimingry lsahyetal map, in sheat =cala
Brecipitotion dote and mass curves: {Numbar of Shaefs)
Form 500i-GC (Hourly precip. data) ' o s
Form 500I-8 (24-hour * s e e om—
S Brwu_nm fH " L] . | e . B _

Miscl. precip. records, meteorological data, @1e. cewm —ewmne-—
Form 5002 {Mass rainfall curves). P
PART TT
Final isohyetal maps, in sheat scale

Data and computiation shests:
Form 5-10 (Data from mass rainfall curves Jamcacaes e e —— .

Ferm S-11 {Depth ~area data from isohyetal mep)l o vvo--
Form S=12 (Moximum depth= durgtion dafa) @i
Maximum durgtion~depth-area curves e
Data reloting to periods of maximum rainfollicccccmenaas &
MAXIMUM AVERAGE DEPTH OF RAINFALL (N INCHES
i ilsg Duration of Rainfoll in Hours
ATna SEFJ? 5 12 18 1 2a | 30 ] 36 ] 48 | 60 | 72 | 96 | t20
2¢ ] Sl €7 1.45.0 s
o | w3) 3|l s 14
ja8 21 s0| ta-5 =
200 | 4ol 7 ls0.3 11
so0 | 3.7 &1 5.3 £l 3
| Joant 341 621 74 g, o
Aoege| 3.4 | S5 1 T 7.5
Sepat | 2. L1 Y | 5.9 74
roces ) 2.2 361 47 6.0

Appendix F: Table F.72: Depth-area-duration values for Paris Waterworks, IN June 27, 1957
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ISOEYETAL

ANALYSIS
MAXIMUM AVERAGE DEPTH OF HAINFALL [N INCHES
Area in Duraticn of Rainfall in Hours
Sq. Miles & 12 24
100 | Bl 10.9 11.5
200 7.6 10,3 11.1
500 6.8 &2.3 10.2
1000 8.2 8.4 9.4
S000 &.4 5.8 7.1
10000 a.6 4.7 5]
SYNQPTIC
ANALYSIS

Table F.73 and Figure F.99: Depth-area-duration Table and synoptic analysis for
Paris Waterworks, IN June 27, 1957
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Lake Maloya, NM, AWA 35

May 19, 1955
Storm Type: Frontal
Grid Points Used: 7, 13-14, 21
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|Surrm Name: SPAS 1251 Lake Maloya, NM
|Storm Date: 05/17-05/21/1955 Storm Adjustment for ANO Grid Point 7
|AWA Analysis Date: :9/11/2012
Temporal Transposition Date 5-Jun
Lat Long Moisture Inflow Direction: SE @ 520 miles
Storm center location AT01IN 10434W (Grid Point Elevation 11,300 feet
Storm Rep Td location 3150N  98.10W Storm Center Elevation 7,900 feet
Transposition Td location 3737TN  9235W Storm Rep Analysis Duration 24 hours
Grid Point location 36.00N 10550 W
The storm representative Tdis T0.5F with total precipitable water above sea level of 231  inches.
The in-place maximum Tdis  78.0F with total precipitable water above sea level of 329  inches.
The transpositioned maximum Tdis 65.0F with total precipitable water above sea level of 1.77  inches.
The in-place storm elevationis 7,900 which subtracts 1.34 inches of precipitable water at T05F
The in-place storm elevationis 7,900 which subtracts 1.73 inches of precipitable water at 78.0F
The transposition storm elevationat 11,300 which subtracts X inches of precipitable water at 65.0F
The Grid point/inflow barrier heightis 1,150 which subtracts XX inches of precipitable water at 65.0 F

The in-place manimization factor is
The transposition factor is " #VALUE!
The elevation/barmer adjustment factor is " #VALUE!

1.62

The total adjustment factor is " EVALUE!

otes: Storm reprassntative dew point valus was bassd on
maximum 24-hr Td valves for May 16-17 at KATT, KBSM, and
EGRE. Calevlated in-place max factor of 1.62, held to 1.50 bas=d

lon HME. aguidanes and pravioss AWA analyses.

|Observed Storm Depth-Area-Duration

1 Hours | 3 Hours 6 Hours 12 Hours : 18 Hours : 24 Hours ;| 36 Hours | 48 Hours : 72 Hours
1 sq miles 12 23 3.0 6.0 0.5 11.6 13.6 143 144
10 sg miles 12 13 3.0 6.8 0.5 11.3 13.6 14.3 14.3
100 sqg miles 1.0 18 31 5.5 7.9 0.5 11.8 11.6 12.7
200 sq miles 0.9 17 2.7 4.8 6.7 8.0 104 11.4 11.5
300 sq miles 0.7 1.4 2.0 a8 5.5 6.6 7.9 9.5 9.7
1000 sqg miles 0.5 11 1.9 31 42 5.2 7.3 7.8 8.5
2000 sq miles 0.4 0.9 1.6 25 3.6 4.6 6.2 74 7.5
3000 sq miles 0.3 0.8 1.4 22 2.9 a7 5.3 5.9 6.6
10000 sq miles 0.3 0.7 13 19 2.6 32 4.1 5.1 5.6
20000 sg miles 0.2 0.6 1.0 1.5 2.1 2.6 3.4 4.0 4.6
Adjusted Storm Depth-Area-Duration
1 Hours : 3 Hours 6 Hours 12 Hours ;| 18 Hours | 24 Hours | 36 Hours | 48 Howrs : 72 Hours
1 sgmiles: #VALUE! | #VALUE! | #VALUE! : #VALUE! | #VALUE! | ¥VALUE! ;| #VALUE! | #VALUE! : #VALUE!
10 sqmiles; #VALUE! : #VALUE! | #VALUE!  #VALUE! ! #VALUE! | #VALUE! | #VALUE! | #VALUE! : #VALUE!
100 sg miles | #VALUE! | #VALUE! | #VALUE! | #VALUE! ;| #VALUE! | ¥VALUE! | #VALUE! | #VALUE! | #VALUE!
200 sqmiles #VALUE! | #VALUE! | #VALUE! | #VALUE! | #VALUE! | #VALUE! | #VALUE! | #VALUE! : #VALUE!
300 sq miles! #VALUE! | #VALUE! | #VALUE! | #VALUE!: #VALUE! | #VALUE! | #VALUE! ;| #VALUE! : #VALUE!
1000 sg miles ;| #VALUE! | #VALUE! | #VALUE! | #VALUE! | #VALUE! | #VALUE! | #VALUE! | #VALUE! ; #VALUE!
2000 sq miles: ¥VALUE! | #VALUE! | #VALUE!  #VALUE! | ¥VALUE! | ¥VALUE! | ¥VALUE! | #VALUE! : #VALUE!
5000 sq miles; #VALUE! | #VALUE! | #VALUE! | #VALUE! | ¥VALUE! | ¥VALUE! | ¥VALUE! | #VALUE! : #VALUE!
10000 sq miles! #VALUE! | #VALUE! | #VALUE! : #VALUE! : #VALUE! | #VALUE! | #VALUE! : #VALUE! : #VALUE!
20000 sq miles | ¥VALUE! | #VALUE! | #VALUE! | #VALUE! | ¥VALUE! | ¥VALUE! | ¥VALUE! | ¥VALUE! : #VALUE!
Storm or Storm Center Name SPAS 1251 Lake Malova, NM
Storm Date(s) 03/17-05/21/1933
Storm Type Synoptic
Storm Location 3TN 10434 W
Storm Center Elevation 7900
|Precipitation Total & Duration 14 4 Inches 7
Storm Representative Td W3F A4
Storm Representative Td Location LN 08.10 W may june 77.354830
|In-place Maximum Td T8.0F 76 79
I\Moisture Inflow Vector SE@ 320
|In—place Maximization Factor 1.62
Temporal Transposition (Date) J-Jun
Transposition Td Location 313TN 9235 W may june
Transposition Madmum Td 650F 75 il
Transposition Adjustment Factor #VALUE!
(Grid Point Elevation 11,300
|Eighest Elevation in Basin 14344
|inflow Basier Height 1150
Elevation Adjustment Factor #VALUE!
Total Adjustment Factor #VALUE!

Appendix F: Table F.74:
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SPAS 1251 - May 17 (800 UTC) - May 21 (700 UTC), 1955

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
Area (mi%) 1 3 6 12 18 24 36 48 72 96 Total
0.3 1.26 2.32 3.98 7.09 9.77 11.90 14.04 14.74 14.52 14.§2 14.§2
1 1.21 227 3.89 6.93 9.51 11.60 13.60 14.30 14.38 1438 1438
10 1.21 2.25 .87 6.79 9.48 11.34 13.60 14.27 14.34 1436 1436
25 1.18 216 3.7 6.57 9.15 11.14 13.26 13.95 14.03 14.04 14.04
20 1.10 2.02 3.47 6.18 8.56 10.36 12.65 13.41 13.49 13.54 13.54
100 1.00 1.82 3.08 547 7.85 945 11.84 12 .63 12.73 12.74 12.74
150 0.92 1.73 272 518 7.37 5.87 10.78 11.95 12.05 1210 1210
200 0.85 1.67 2. 66 4.81 6.67 5.04 10 44 11.44 11.54 11.57 11.57
300 0.77 1.54 2.30 429 6.09 7.37 910 9.69 10.50 10.83 10.83
400 0.70 142 2.20 4.00 557 6.85 9.08 9.59 10.23 10.26 10.26
500 0.65 1.35 2.04 3.82 546 658 73 9.49 9.66 9.74 9.74
1,000 0.562 1.11 1.56 3.05 424 524 7.28 7.78 547 8.97 8.97
2,000 0.44 0.93 1.60 2.50 3.63 462 6.16 7.40 748 7.55 7.55
5,000 0.28 0.83 142 2.16 2.94 3.73 525 5.86 6.56 6.59 6.59
10,000 0.27 0.73 1.31 1.89 2.55 3.22 412 5.08 5.59 5.63 5.63
20,000 0.20 0.60 1.04 1.54 2.14 2.60 3.35 3.98 4.58 4.62 4.62
35,752 0.14 0.41 0.75 1.17 1.63 2.06 2.83 3.27 3.40 3.40 3.40
Appendix F: Table F.75: Depth-area-duration values for Lake Maloya, NM, May 19, 1955
SPAS #1251 DAD Curves Zone 1
May 17 - 31,1955
100,000
—— 1-hour
3-haour
—— &-hour
10,000 - —=— 12-hour
—+— 18-hour
24-hour
38-hour
1.000 i 45-hyCVUT
‘-“E i 7 2-N0UT
= = OB-hOUT
E 100 O Total storm (98-hour)

10

s s | :
T - T

8 10

Maximum Average Depth of Precipitation (inches)

12

14

Appendix F: Figure F.100: Depth-area-duration chart for Lake Maloya, NM, May 19, 1955
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SPAS 1251 Storm Center Mass Curve: Zone 1
May 17 (800 UTC) to May 21 (700 UTC), 1955
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Appendix F: Figure F.101: Mass curve chart for Lake Maloya, NM, May 19, 1955
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Appendix F: Figure F.102: Total storm isohyetal analysis Lake Maloya, NM, May 19, 1955
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Ritter, IA, AWA 36

June 7, 1953
Storm Type: MCC
Grid Points Used: 1-4, 8-11, 16-18
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Storm Name: Ritter, IA
Storm Date: 07-Jun-1033 Storm Adjustment for ANO Grid Point 1
AWA Analvsis Date: (12/15/2013
Temporal Transposition Date 30-Jun
Lat Long Moisture Inflow Direction S@3ars miles
Storm Center Location 43.24N 9582 W (Grid Point Elevation 350 feet
Storm Rep Dew Point Location 3782N 9582 W Storm Center Elevation 1,400 feet
Transposition Dew Point Location  40.30 N 0133 W Storm Rep Analysis Duration 6 hours
(Grid Point Location 3531N 93.23 W
The storm representative dew pointis  74.0F with total precipitable water above sea level of 2.73  inches.
The in-place maximum dew pointis  8L0OF with total precipitable water above sea level of 3.76  inches.
The transpositioned maximum dew pointis  80.0F with total precipitable water above sea level of 3.60  inches.
The in-place storm elevationis 1,400 which subtracts 0.34 inches of precipitable water at T40F
The in-place storm elevationis 1,400 which subtracts 0.42 inches of precipitable water at 81.0F
The transposition basin elevation at 350 which subtracts 0.29 inches of precipitable water at 80.0F
The Gnd point/inflow barrier heightis 1,000 which subtracts 0.29 inches of precipitable water at 0.0 F
The in-place storm maximization factoris  1.40 Notes: DAD values taken frem USACE MR 10-8 (HMB
The transposition/elevation to basin factor is 0.99 20)
The barer adjustment factor is 1.00
The total adjustment factor is 1.38
|Observed Storm Depth-Area Duration
6 Hours 12Hours | 18 Hours | 24 Hours | 30Hours | 36 Hours | 48 Howrs ;| 60 Hours | 72 Hours
10 sq miles 9.1 10.5 - - - - - - -
100 sq miles 74 0.4 - - - - - - -
200 sq miles - - - - - - - - -
300 sq miles 6.5 8.5 - - - - - - -
1000 sq miles 6.1 7.9 - - - - - - -
3000 sq miles 4.4 5.0 - - - - - - -
10000 sq miles 35 4.8 - - - - - - -
20000 sq miles - - - - - - - - -
Adjusted Storm Depth-Area-Duration
6 Hours 12Hours ;| 18 Hours | 24 Hours | 30 Hours | 36 Howrs | 48 Hours ;| 60 Hours : 72 Hours
10 sg miles 12.6 14.5 - - - - - - -
100 sg miles 10.2 13.0 - - - - - - -
200 sq miles - - - - - - - - -
300 sq miles 9.0 11.8 - - - - - - -
1000 sq miles 8.4 10.9 - - - - - - -
3000 sq miles 6.1 8.2 - - - - - - -
10000 =q miles 4.8 6.6 - - - - - - -
20000 sq miles - - - - - - - - -
Storm or Storm Center Name Ritter, [A
Storm Date(s) T-Jun-1933
Stormm Type MCS
Storm Location 434N 0582 W
Stonn Center Elevation 1,400
|Precipitation Total & Duration 11.00 Inches 12-hours USACE MR 10-8 (HMB 20)
Storm Representative Dew Point T40F Bhr average, 7 added to USACE storm rep Td based on EPRI and 'wanahoo guidance
Storm Representative Dew Point Locat 382N 9382 W
Maximum Dew Point 810F
Moisture Inflow Vecto: S @ 380 Miles
|In-place Maximization Factor 1.40
Temporal Transposition (Date) 30-Jun
Transposition Dew Point Location 4039N 9133 W June July
Transposition Maxmum Dew Point 800F 183 813
Transposition Adjustment Factor 0.99
Grid Point Elevation 350
|Highest Elevation in Basin 14344
|mflow Barrier Height 1000
Elevation Adjustment Factor 1.00
Total Adjustment Fact 1.38

Appendix F: Table F.76: Storm spreadsheet for Ritter, IA June 7, 1953
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GCEPARTMENT OF THE ARWY COWPS OF ENGINEERY

STORM STUDIES - PERTINENT DATA SHEET
A o

Storm of 7 June 1953

Assignment vz 10-8 (HMB 20)
Location Towa, Minn,, 5, Dak, Nebf.

Study Prepared by:
Dm:lh: Dint, b

Part I Reviewed by H. M. Sec. of
Weathar Buresu,

Fart IL Approved by Office, Chief
of Englineers for Distribution

LEGEND of Factusl Data,
---y Arpm covarsd by .
ir._..i fingl Bohyetal map. &:m;:“éjcent“ of Rigrer, 1

Ares inclosed ]
@ ” |Toplace adjustment 171%

Z-inch iseyet. ATION MAP
PART I
Freliminary 1sohyetsl map, in_ 1L sheet , scale  1:500, 000
Precipitation data and mass curves: (Number of Shests)
Form 5001-C (Hourly precip. date)_ . __ ___ . _____.._... %5
Form 5001<B (24-hour * i e R e R
Form 5001-D (* *= * s s e e S, S
Miscl. precip. records, meteorological data, ete.. . ___ sbout. oo 200
Ferm 5002 (Mass rainfall curves)_ __ __ __ _ __ _______ ___ ... s
BART X
Final isohyetsl maps, In sheet |, scale L:500,000
Data and computation sheets:
Form 5-10 (Data from mass reinfall curves)._______ i o e
Form S-ii {Depth-ares data from ischyetsl map).._._______ ——
Form S5-12 (Maximum depth-durstion date) oo ceemeee e Ao EFED
Maximum durstion=depth-ares curves___________. i
Data relating to perlods of maximum rainfall___ __ S—— -
MAXIMUM _AVERAGE DEPTH OF RAINFALL IN _INCHES
Area In 5q. ML Duration of Rainfall in Hours
& 12 0 4 | 30 36 48 &0 72 o] 120
10 9.1 10,5 |11,0
100 Tab 9.4 10,0
200 7s1 9.1] 8.7
5040 Ga5 8.5 9.0
L.000 6.1 | 7.9]8.4
2,000 3.4 | 7.2]1.7
5,000 4.4 5,9|6.5
10, 000 3.5 | a4.8]5.4
form S-2
P.go

#

Appendix F: Table F.77: Depth-area-duration values for Ritter, [A June 7, 1953
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PEPASTMENT OF THE ARMT -
STORM STUDIES - ISOHYETAL MAP
Storm of 7 June 1971 ] Assignment '® 108
Study Prepored by: Asrgsoury Ler  _Crvisnn
— Orrahe DS Frey
] 0 !
i 3 mkil'dm "fﬁ? BCALE
fo__ 1L FH 7 June 1973 o
P hpeasin: Prpleation
MASS RAINFALL CURVES ~~ ~
- C 0.5 Mile t of
i = |I-'-' Eicti. Ii 1:.:]
£ oF ' [ |
2 st | |
E +F I T, olowx ity [Towa W15 (R}
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§ _E x ¥
] i: | I L Minton, Iowd 4,64 [{R]
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Appendix F: Figure F.103 and Figure F.104: Total storm isohyetal analysis and Mass curve chart
for Ritter, IA June 7, 1953
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Kelso, MO, AWA 37

August 11, 1952
Storm Type: MCC
Grid Points Used: 1-3, 8-10, 16-17
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Storm Name: USACE UMV 3-30-Kelso, MO
Storm Date: 11-Aug 1052 Storm Adjustment for ANO Grid Point 1
AWA Analvsis Date: :12/15/2013
Temporal Transposition Date 25-Jul
Lat Long Moisture Inflow Direction 5@ 140 miles
Storm Center Location 3T19N BASSW (Grid Point Elevation 350 feet
Storm Rep Dew Point Location 3517TN 8950W Storm Center Elevation 500 feet
Transposition Dew Point Location 40.71N 9253 W Storm Rep Analysis Duration 6 hours
(Grid Point Location 3531IN 0323 W
The storm representative dew pointis  76.5F with total precipitable water above sealevel of 3.07  inches.
The in-place maximum dew pointis  8LOF with total precipitable water above sealevel of 3.75  inches.
The transpositioned mavimum dew pointis  81.5F with total precipitable water above sealevel of 3.83  inches.
The in-place storm elevation is 500 which subtracts 0.14 inches of precipitable water at T6.5F
The in-place storm elevation is 500 which subtracts 0.15 inches of precipitable water at 81.0F
The transposition basin elevation at 350 which subtracts 0.31 inches of precipitable water at 81.5F
The Grid point/inflow barrier heizhtis 1,000 which subtracts 0.31 inches of precipitable water at 81.5F
The in-place storm maximization factor is 1.23 Notes: DAD values taken from USACE UMV 3-30. Storm
The transposition/elevation to basin factor is 0.98 representative Td value was based on manimum 6-hr Td
The barrier adjustment factor is 1.00 wvalues between August 11, 1932 at KMEM, KNQA, KMEKL,
and KDYR.
The total adjustment factor is 1.20

Ohbserved Storm Depth-Area-Duration

1 Hours 3 Hours 6 Hours 12Hours : 18 Hows | 24 Houwrs | 36 Hours | 48 Hours : 72 Howrs
10 sg miles 5.5 11.5 13.0 - - - - - -
100 =g miles 4.2 10.4 11.9 - - - - - -
200 sq miles 0.0 0.0 0.0 - - - - - -
300 sq miles 2.9 74 8.7 - - - - - -
1000 =g miles 2.3 5.7 6.9 - - - - - -
3000 sq miles - - - - - - - - -
10000 sq miles - - - - - - - - -
20000 sgq miles - - - - - - - - -

Adjusted Storm Depth-Area-Duration

1 Hours 3 Hours 6 Hours 12Hours ;| 18Hows | 24 Howrs : 36 Hours | 48 Hours : 72 Hows
10 sg miles 6.6 13.8 15.6 - - - - - -
100 sq miles 5.1 12.5 14.3 - - - - - -
200 sq miles 0.0 0.0 0.0 - - - - - -
300 sq miles 3.5 8.9 10.5 - - - - - -
1000 sq miles 1.8 6.9 8.3 - - - - - -
3000 sq miles - - - - - - - - -
10000 sq miles - - - - - - - - -
20000 sgq miles - - - - - - - - -

Storm or Storm Center Name

USACE UMV 3-30-Kelso, MO

Storm Date(s) 11-Aug-1952

Storm Type MCC

Storm Location 319N 055 W
Storm Center Elevation 500

Precipitation Total & Duration

13.00 Inches 6-hours USACE UMV 3-30

Storm Representative Td T6.5F 6

Storm Representative Td Location 317N 3250 W

Maximum Td 81.0F

Moisture Inflow Vector S @140 Miles

In-place Maxmization Factor 1.23

Temporal Transposition {Date) 25-Jul

Transposition Td Location 401N 9253 W July August
Transposition Maximum Td 815F 82 81
Transposition Adjustment Factor 0.98

Grid Point Elevation 330

Hizhest Elevation in Basin 14344

Inflow Barrier Heizht 1,000

Elevation Adjustment Factor 1.00

Total Adjustment Factor 1.20

Appendix F: Table F.78:

Storm spreadsheet for Kelso, MO August 11, 1952
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CEPARTHENT OF THE ARWY CORPS OF EMG INERS

STORM STUDIES - PERTINENT DATA SHEET

Storm of 11-12 August 1952

Assignment 3-30

Locatien SE Mo, aad SW I,

Study Prepared by:

Lower Mississippi Vallay
Mwvision

St. Louis Distrioct

Part I Reviewed by H.M. Sec. of
Yeather Bureau, 5/29/60
Part IL Approved by Office, Chief

of Engineers for Distribution
of Factual Data, 5/10/63
i...i finsl isohystal map. Rtmnrka.'u-mr at Ea ?,

Ares Intlossd by !
© Tinen lsret.” LOCATION MAP 5 ssd,

TAT MPI

e Araa covered by

Preliminary ischyetsl map, in 1 sheet , scale 1:500,000
Precipitation data and mass curves: {(Number of Shaets)
Form 5001-C (Hourly preclp. data). . ____ _ . ____. L)
Form 5001-B (B4-howr " ' ).____.____._________.____ ©
Form 500i-D(~ * * Ol iy i e s 2
Miscl. precip, records, meteorclogical dath, ete.__ ____________ 7
Form 5002 (Mass rainfall curves)_ ___ __ __ ___ _ __________. 5

PART I
Final isohyetal maps,in 1 sheet , scale 14500,000
Data and computation shaets:

Form 5-10 (Dats from mass rainfall curves)_ ____________. 1
Form S-Il (Depth-area data from |sohyetal map)_ ... —c———- 1
Form S-12 (Maximem depth=duration davs)________________ 5
Maximum duration-depth-area curves__________ i 1
Data relating to perlods of maximum rainfall ..o oo 2
MAXIMUM AVERAGE DEPTH OF RAINFALL IN_INCHES _
Area in 3q. Mi. Durafion of Rainfall in Heurs
1 TE 3T 6k [ 518
10| 5.5 9,1[11.512.9| 13.0( 13.0
100 E._E 8.0 ID.E 11,7 1,9 | 11.9
m 2'? 5'5 ?‘h l‘n Biﬁ EFT
1,000 | 2.3 | b1 | 5.7 6.2] &3] 6.9
1,730 | 1.7 ( 3.1 | bad | L.9| 5.4| 5.5
|
Form 52 =

Appendix F: Table F.79: Depth-area-duration chart for Kelso, MO August 11, 1952
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DEPARTMENT OF TME ARMY I cOnPs OF enemeghs
STORM STUDIES - ISOHYETAL MAP

t of 11 = 12 August 1952 A § UMV 3-30
2 Study Prmrlldu 7 by: Lower Mississippi Ell?:ym winlon
s

t. Louls stric

Storm Parlod_5 __hours

from BF¥ 11 Aug 52 ' SCALE
to_ ZhM 12 Aug 52 '_.g_l_m BoC
Fakynanis Peojs oriny
MASS RAINFALL CURVES =
r 1
o l
x o
5 - i3
T M1 ) NP — S T
E g = e
o prs
E L -
" ,,.-*———m,;:a&mh,,
% “r -1 T Al Advante
z-n- - n-':_':_.,—- =
2 - -|.-'--""_.---r""_':| el et 1 i | 'J-_..
E 111 # L] : e I 2P TR ZA ¥

Appendix F: Figure F. 105 and Figure F.106: Total storm isohyetal and Mass curve chart for Kelso, MO August
11,1952
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Council Grove, KS, AWA 38

July 9, 1951
Storm Type: Frontal
Grid Pints Used: 1-4, 8-11, 16-18
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[Storm Name: MR 10-2_Council Grove, KS
|Storm Date: 7/9-12/1951 Storm Adjustment for ANO Grid Point 1
|AWA Analysis Date: :12/15/2013
Temporal Transposition Date 15-Jul
Lat Long Moisture Inflow Direction SE @ 250 miles
Storm Center Location 38.66N 9649W Grid Point Elevation 350 feet
Storm Rep Dew Point Location 36.05N 93231W Storm Center Elevation 1,150 feat
Transposition Dew Point Location 40.12N  8023'W Storm Rep Analysis Duration 24 hours
Grid Point Location 3531N 9323 W
The storm representative dew pointis  75.0F with total precipitable water above sea level of 2.85 inches.
The in-place maximum dew pointis  80.5F with total precipitable water above sea level of 3.68  inches.
The transpositioned maximum dew pointis  80.0F with total precipitable water above sea level of .60 inches.
The in-place storm elevationis 1,150 which subtracts 0.29 innches of precipitable water at 75.0F
The in-place storm elevationis 1,150 which subtracts 0.35 itiches of precipitable water at 80.5F
The transposition basin elevation at 350 which subtracts 0.29 itiches of precipitable water at 80.0F
The Grid Point/inflow barrier heightis 1,000 which subtracts 0.29 innches of precipitable water at 80.0 F

The in-place storm maximization factoris 1.30 Motes: DAD walues taken from MP. 10-2. Storm representative
The transposition/elevation to basin factor is 0.99 dew point value was bazad on maximum 24-hr Td values batween
The barrier adjustment factor is 1.00 July 8-10, 1951 at KFSM, KFYV, and KFLP.
The total adjustment factoris 1.29
Ohserved Storm Depth-Area-Duration
6 Hours 12 Hours 18 Hours | 24 Hours | 30Hours | 36 Hours { 48 Hours 60 Hours 12 Hours
10 sg miles 5.3 7.0 7.9 8.6 11.8 13.1 14.3 172 18.2
100 sq miles 4.7 6.4 7.4 7.9 10.6 12.4 138 16.3 17.5
200 sg miles 4.6 6.2 7.2 7.5 10.2 12.0 13.3 159 17.0
300 sq miles 4.3 5.8 6.7 7.0 9.5 11.3 12.4 15.0 16.2
1000 sq miles 4.0 5.5 6.3 6.6 9.0 10.5 11.5 142 15.5
2000 sg miles 3.8 5.1 5.9 6.2 8.3 9.6 10.5 131 146
3000 sg miles 34 4.5 5.1 5.4 7.2 8.4 9.3 11.7 13.0
10000 sq miles 2.0 3.0 4.4 4.8 6.2 7.3 8.2 10.4 11.4
20000 sq miles 2.4 32 3.7 4.1 5.1 6.1 6.9 8.6 9.4
Adjusted Storm Depth-Area-Duration
6 Hours 12 Hours 18 Hours : 24 Hours | 30Hours ;: 36 Hours : 48 Hours 60 Hours 12 Hours
10 sq miles 6.9 9.1 10.2 11.1 153 16.9 18.5 222 235
100 sq miles 6.1 8.3 9.6 10.2 13.7 16.0 17.8 211 22.6
200 sg miles 5.9 8.0 9.3 9.7 13.2 15.5 17.2 20.6 22.0
300 sq miles 5.6 7.5 8.7 9.1 12.3 14.6 16.0 19.4 20.9
1000 sq miles 5.2 7.1 8.1 8.5 11.6 13.6 149 18.4 20.0
2000 sq miles 4.9 6.6 7.6 8.0 10.7 12.4 13.6 16.9 18.0
3000 sq miles 4.4 5.8 6.6 7.0 0.3 10.9 12.0 151 16.8
10000 sq miles 37 5.0 5.7 6.2 8.0 0.4 10.6 134 14.7
20000 sq miles 3.1 4.1 4.8 5.3 6.6 7.9 8.0 11.1 12.2
Storm or Storm Center Name MR 10-2-Council Grove, KS
Storm Date(s) 7/9-12/1951
Storm Type General Storm
Storm Location 3866 N 06.49 W
Storm Center Elavation 1130
Precipitation Total & Duration (10 sq mi) 18.2 Inches in 72-hours
Storm Eepresentative Dew Point T30F 24
Storm Representative Dew Point Location 3603 N 9332w I A
Maximum Dew Point 803F 304 80.1
Moisture Inflow Vector SE@ 230
In-place Maximization Factor 1.30
Temporal Transposition (Date) 15-Jul
Transposition Dew Point Location 4002 N 3023W
Transposition Maxmum Dew Point 30.0F
Transposition Adjustment Factor 0.99
Grid Point Elevation 330
Hizhest Elevation in Basin 14 344
Inflow Barrier Height 1,000
Elevation Adjustment Factor 100
Total Adjustment Factor 1.29

Appendix F: Table F.80:
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CEPARTHENT OF THE &RHY CORPS OF ENG INEERS

STORM STUDIES - PERTINENT DATA SHEET
Storm of 9-13 July 1951

l:.l.l.*l or .%u.tl Asalgnmunt MR 10-2

Location Kans., Nabr, Mo,

Study Prepared py:
I‘isaguri Hvar Blvislnn
Kunasa City District Office

Part T Reviewed by H. M. Sec. of
Weathar Buresu, 10/29/51
Part IL Approved by Office, Chlef

of Engineera for DIstribution
of Factua) Data,12/10/52
Remarks: Center near
Devpt. 7357 Ret.Po. 305 SSi
CATION MAP e C'irid 3_12 AR,

goeoy AT covared by
L...i finel fnohyetal map,

Inci
@ mh lu::;:‘t."

A COMPUTATIONS COMPI

PART I

Preliminary jsohyetal map, in 1 sheet , scale 1: 1,000,000

Precipitation data and mass curves: {Numbar of Shaets)
Farm 5001-C (Hourly preclp. datm). . . - oo oo covoocmacoaao- 8
Form 5001-B (24-hour * L
Form 5001-D (* * E 0 TR .= 2
Miscl, precip. records, meteoralogical data, etc.. . ___ 151
Form 5002 (Mass rainfall curves). . ____ ... S - 61

EART I

Final [sohyetal maps, in 1 sheet , scale 1: 1,000,000
Data and computation sheets:

- ———

Farm S5-I0 (Data from mass rainfall curves)_ __ . _______ ... 7
farm S-11 (Depth-ares data from isohyetal map). .- - 2
Farm 5-12 (Maximum depth-duration data). ... ___________ 11
Maximum duration=depth-ares curves__________________._ 1
Data relating to perlods of maximum rainfall___ __________ 6
MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES
Area In Sq. Ml Duratlon of Rainfall in Hours

6 12 18 24 30 36 48 (4] 72 96 108

Max. Statiog 5.B | 7.5 | 8.2 | 9.3 |13.1 |13.5 14.4017.9 18,5 | 18,5 | 18,5

10 | 5.3 | 7.0]| 7.9 | 8.6 J11,8 {13.1 | 14.3|17,2|18.2 |18.2 | 1B.2

100 | 4,7 | 644 | Tad | 7.9 |10.6 |12.4 | 13.8{16,3 | 17.5 |17.5 | 17.5

200 | 4.6 | 6.2 | 7.2 | 7.5 [10,2 |12,0 | 13,3{15.9 | 17.0 |17.0 | 17.0

500 | 4.3 | 5.8 6.7 | 7.0 9.5 [11.3 | 12.4/15.0|16,2 | 16,2 |16.2

1,000 | 4.0 | 5.5 | 6.3 | 6.6 | 9.0 |10.5 | 11.5|14.2 | 15,5 |15.5 | 15.5

2,000 | 3,8 | 5,1 | 5.9 | 6,2 | 8,3 | 9,6 | 10,5{13,1 | 14.6 | 14,6 | Li.6

5,000 | 3uh | 4e5 | a1 | 54 | 7.2 | Bid §,3]11.7 | 13.0 |13.1 [13.1

10,000 ( 2.9 | 3.9 | 4+é | 4o8 | 6.2 | 7.3 | B.2]10.4 |11,4 |11,5 |11.5

20,000 | 2.4 | 3.2 | 3.7 | 41| 5.1 | 6.1 6.9| B.6 | 9.4 | 9.6 | 9.6

50,000 | 1.3 | 2.0 | 2.5 | 2.8 | 3.4 | 4.0 47| 5.8 6.3 | 6.5 | 6.5

§7,000 | 1.1 | 1.7 | 2.3 | 2.5 | 3.0 | 3.8 bed| 5.4 | 5.9 | 6.0] 6,0

Form S5-2

Appendix F: Table F.81: Depth-area-duration values for Council Grove, KS July 9, 1951

Page 189 of 346



CEPARTMENT OF THE aRMY CORFS OF ENGINEERS

STORM STUDIES = ISOHYETAL MAP
Storm of _B=l3 July 19561 Assignment MR 10-2
Study Prepared by: sas O Mo, Distriot
Minmourd River Diviaion —=K |

o

Storm Period_108 hours & & Foers
from_12 M8 July i
fo__lz N3 Wy i9,000,000

Palyean Prajeerion

MASS RAINFALL CURVES

20

GanLB, T A6 S, R7FE KBS

] e e [t e e o e e ]

<" Sap,22, T 80 B} H 11| E 17.p"

/{’ ,ymsmn_gL Kazb. 115"

oad- 4500l za, 7(7 8, f 20 W 10,07

ﬁ Lot i
saaibaves (ot ’{'— |-"'I 1 | o 1 £ I
O 4] (13 (1 EF B 73 g (41 nsjﬂ—'

[ | 10 11 17 13

15

10

IEEREEREREEERREEREAL

AGGUMULATED PRECIFITATION IN INCHES

Appendix F: Figure F.107 and Figure F.108: Total storm isohyetal analysis and mass curve chart for
Council Grove, KS July 9, 1951
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Dumont, A, AWA 39

June 25, 1951
Storm Type: MCC
Grid Points Used: 1-4, 8-11, 16-18
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Storm Name: USACE UMV 3-29-Dumont, LA
Storm Date: 25-Jun-1951 Storm Adjustment for ANQ Grid Point 1
AWA Analvsis Date: (12/15/2013
Temporal Transposition Date 10-Jul
Lat Long Moisture Inflow Direction SEW@ 2 miles
Storm Center Location 42.75N  9298W (Grid Point Flevation 350 feet
Storm Rep Dew Point Location 040N 04B0W Storm Center Flevation 1,000 feet
Transposition Dew Point Location 3936N  94233W Storm Rep Analysis Duration 6 hours
(Grid Point Location 3531N 0323 W
The storm representative dew pointis  75.5F with total precipitable water above sealevel of 2.92  inches.
The in-place maximum dew pointis 81.5F with total precipitable water above sealevel of 3.84  inches.
The transpositioned mammum dew pointis  81.5F with total precipitable water above sealevel of 384  inches.
The in-place storm elevationis 1,000 which subtracts 0.26 inches of precipitable water at 75.5F
The in-place storm elevationis 1,000 which subtracts 0.31 inches of precipitable water at 815F
The transposition basin elevation at as0 which subtracts 0.31 inches of precipitable water at 815F
The Grid point/inflow barrier heizhtis 1,000 which subtracts 0.31 inches of precipitable water at 815F

The in-place stonn maximization factor is 1.33 Notes: DAD values taken from USACE UMV 3-2%. Storm
The transposition/elevation to basin factor is 1.00 representative Td value was based on maximum 6-hr Td
The barmer adjustment factor is 1.00 wvalues between June 25, 1951 at KSTT, KMEKC, and KTOP.
The total adjustment factor is 1.33
|Observed Storm Depth-Area Duration
3 Hours 6 Hours 12 Hours 18 Hours | 24 Hours : 36 Hours : 48 Hours : 60 Hours | 72 Hours
1 sg miles 6.8 9.4 12.0 - - - - - -
10 sg miles 5.8 9.2 12.0 - - - - - -
100 sq miles 4.4 7.7 10.0 - - - - - -
20 =g miles 4.1 7.1 8.0 - - - - - -
300 sq miles 1.6 6.1 7.5 - - - - - -
1000 sq miles 32 5.3 6.6 - - - - - -
3000 sq miles 2.1 35 4.4 - - - - - -
10000 sq miles 1.6 2.7 a5 - - - - - -
20000 sq miles 1.2 1.9 2.5 - - - - - -
Adjusted Storm Depth-Area-Duration
3 Hours 6 Hours 12 Hours 18 Hours : 24 Hours : 36 Hours ; 48 Hours | 60 Hours : 72 Howrs
1 sq miles 9.0 12.5 15,9 - - - - - -
10 sq miles 7.7 12.2 15.9 - - - - - -
100 sq miles 58 10.2 13.3 - - - - - -
200 sq miles 5.4 9.4 11.8 - - - - - -
300 sq miles 4.8 8.1 10.0 - - - - - -
1000 sq miles 4.2 7.0 8.8 - - - - - -
3000 sq miles 18 4.6 5.8 - - - - - -
10000 sq miles 11 3.6 4.6 - - - - - -
20000 sq miles 1.6 215 3.3 - - - - - -
Storm or Storm Center Name USACE UMV 3-29 Dumont, [A
Storm Date(s) 25-Tun-1951
Storm Type MCC
Storm Location 4273 N 0208 W
Storm Center Elevation 1.000
|Precipitation Total & Duration 12.00 Inches f-hours USACE UMV 3-20
Storm Representative Dew Point J133F 6
Storm Representative Dew Point Location 840N 480w Jun Jul
Mazximum Dew Point 8135F 9 823
Moisture Inflow Vector SSW @ 250 Miles
JIn-place Maximization Factor 1.33
Temporal Transposition (Date) 10-Tul Jun Jul
Transposition Dew Point Location 036N MIIW 9 82
Transposition Maximum Dew Point 81.3F
Transposition Adjustment Factor 1.00
Grid Point Elevation 330
|Highest Elevation in Basin 14 344
[inflow Barrier Height 1,000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.33

Appendix F: Table F.82: Storm spreadsheet for Dumont, IA June 25, 1951
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CEFARTPONT OF THE ARWY CORPS OF EMCINEE RS

STORM STUDIES - PERTINENT DATA SHEET

Storm af Z¢5-268 J 1951
en SRR . sl Assignment UMV 5229

Location 1owa Mionesota & Wiso.

Study Pr by:
Hor Central Divislon

Rovk Ieland District nifice

Part I Reviewed by H. M. Sec. of
Weather Bureau, 11-21-65
Part IL Approved by Office, Chief
of Engineers for Distribution

of Factual Data, T-1B<E7

Remarks:
Center mear Tumont, Iowa. Rep.
Dewpoint T7E°, Ref. Pt, 160 5w

hEGEHR
4 S
aﬂ'“ inclosed

by
-ineh lsshyat. Loc !TIQH MAP

TA A T ME Grid D-18
PART I
Preliminary Isohyetal map,in 1 sheet , scale 11,000,000
Precipitation data and mass curves: (Number of Sheets)
Form 500!-C (Hourly precip. date). - o . oo e 55
Form 5001=B (24-hour * B T R P R DT e o -
Form 5001-D (" * * g T L R T
Miscl, precip. records, meteorslogical data, efc. oo .. 1
Form 5002 (Mass rainfall curves). _ _ . o eean 45
EART I

Final isohyetal maps,in 1 sheet , scale 1:500,000
Data and computation sheets:

Form S5-10 {Daﬂ. from mass rainfall curves)_____________. 5
Farm S-11 (Depth-area data from ischyetal map) ..o oo —-- 1
Farm S-12 (Maximum depth-duration data)__ ___.___.__ .- _.__ B
Mazimum duration-depth-area curves _ _ . . oo oo oo _. 1
Data relating to periods of manimum rainfall . __ _________ H
MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES
Area in Sa. MI. Duration of Rainfall in Hou

> | 6 | s 1z | 15

Max.Station [ 6,8 | 9.4 | 11.6} 12.0| 12,0

10 5.8 | 9.2 | 11.8] 12.0] 12.0

100 | 4.4 [ 7.7 2.7} 10.0| 10.0

200 4.1 | 7.1 B .6 8,5 B.0

B0 | 3.6 | 6.1 T.30 7.5| 7.8

1000 3.2 Ba3 Gad| B.6| 6.8

2000 | 2,7 | 445 | B.4| 5.8| 5,7

OO0 2,1 | 3.6 4.2 | 4uk| 4.8

10000 | 1.8 | 2.7 3.3 3.6| 3.8

20000 | 1.2 | 1.9 | 2.3 2.5| 2.6

| - "

Form S-2

Appendix F: Table F.83: Depth-area-duration chart for Dumont, IA June 25, 1951
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Appendix F: Figure F.109 and Figure F.110: Total storm isohyetal and Mass curve chart for Dumont, IA June
25, 1951
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Holt, MO, AWA 40
June 18, 1947
Storm Type: MCC
Grid Points Used: 1-4, 8-11, 16-18
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|Smm Name: USACE MR 8-20-Holt, MO
|Storm Date: 6/18-22/1947 Storm Adjustment for ANO Grid Point 1
|AWA Analysis Date: :12/15/2013
Temporal Transposition Date 5-Jul
Lat Long Moisture Inflow Direction SEW @ 230 miles
Storm Center Location 3945N 9434W (Grid Point Flevation 350 feet
Storm Rep Dew Point Location 3618N 0525W Storm Center Elevation 1,000 feet
Transposition Dew Point Location 3946 N  93.53'W Storm Rep Analysis Duration 6 hours
Grid Point Location 3531N  0323W
The storm representative dew pointis  79.0F with total precipitable water above sea level of 3.44  inches.
The in-place maximum dew pointis  8L5F with total precipitable water above sea level of 3.84  inches.
The transpositioned masimum dew pointis  8L0F with total precipitable water above sea level of 376 inches.
The in-place storm elevationis 1,000 which subtracts 0.28 inches of precipitable water at 79.0F
The in-place storm elevationis 1,000 which subtracts 0.30 inches of precipitable water at 815F
The transposition basin elevation at as0 which subtracts 0.30 inches of precipitable water at 81.0F
The Grid point/inflow barrier heightis 1,000 which subtracts 0.20 inches of precipitable water at 81.0F

The in-place storm maximization factor is 1.12 Notes: DAD values taken from USACE ME. 8-20. 1sgmi
The transposition/elevation to basin factoris 0.98 amount taken from Holt, MO world record rainfall within the
The barrier adjustment factor s 1.00 overall storm. Storm representative Td value was based on
maximum §-hr Td values between June 22-23, 1947 at KHRO
The total adjustment factoris 1.09 and KTUL.
|Observed Storm Depth-Area Duration
6 Hours 12 Hours 18 Hours 24 Hours : 30Howrs ;| 36 Hours | 48 Hours 60 Hours 72 Hours
1 sq miles 12.0 1.0 12.0 12.0 - 12.0 14.4 - 16.6
10 sg miles 11.5 11.5 11.5 11.5 - 11.5 126 - 158
10 sq miles 7.9 7.9 7.9 7.9 - 7.9 9.3 - 12.9
200 sqg miles 7.1 7.1 7.1 7.1 - 7.1 8.4 - 11.9
300 sq miles 6.3 6.3 6.3 6.3 - 6.3 7.4 - 10.6
1000 sg miles 5.6 5.6 5.6 5.6 - 5.6 6.6 - 9.6
3000 sq miles 3.5 3.7 37 37 - 3.7 4.6 - 6.7
10000 sq miles 1.6 2.9 3.0 3.0 - 3.0 a7 - 5.4
20000 sq miles 1.8 2.1 22 22 - 22 3.1 - 4.4
Adjusted Storm Depth-Area-Duration
6 Hours 12 Hours 18Hours : 24Hows : 30Hours : 36 Hours | 48 Howrs : 60 Howrs : 72 Howrs
1 sq miles 13.1 13.1 13.1 13.1 - 131 158 - 18.2
10 sg miles 12.6 12.6 12.6 12.6 - 12.6 13.8 - 17.3
100 sq miles 8.7 8.7 8.7 8.7 - 8.7 10.2 - 141
200 sg miles 7.8 7.8 7.8 7.8 - 7.8 9.2 - 13.0
300 sq miles 6.9 6.9 6.9 6.9 - 6.9 8.1 - 11.6
1000 sq miles 6.1 6.1 6.1 6.1 - 6.1 7.2 - 10.5
3000 sq miles 38 4.1 4.1 4.1 - 4.1 5.0 - 7.3
10000 sq miles 18 32 33 33 - 33 4.1 - 5.0
20000 sq miles 2.0 23 2.4 2.4 - 14 34 - 4.8
Storm or Storm Center Name USACE MR 8-20-Holt, MO
Storm Date(s) 6/18-22/1947
Storm Type MCC
Storm Location 043N W34 W
Storm Center Elevation 1.000
|Precipitation Total & Duration 17.6 Inches 6-hours USACE MR 8-20
Storm Representative Dew Point 180F 6
Storm Representative Dew Point Location 36.18N WIW
Maximum Dew Point 813F
Moisture Inflow Vector SSW @ 230 Miles
|In-place Maximization Factor 1.12
Temporal Transposition {Date) 5-Jul
Transposition Dew Point Location 3946 N 9353 W June July
Transposition Maxmum Dew Point S810F 9 82
Transposition Adjustment Factor 0.98
Grid Point Elevation 350
|Highest Elevation in Basin 14 344
[inflow Barrier Height 1,000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.09

Appendix F: Table F.84: Storm spreadsheet for Holt, MO June 18, 1947
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CONRS OF ENCINEESS

EEFARTHENT OF THE ARHY

STORM STUDIES - PERTINENT DATA SHEET
mLH mui

Storm of 158-23 June 1547
Asslgnment W3 8-20

me '}"11'}?1.' l;ﬂ;.ﬂ-ﬂ-ﬂ-
Study Frtﬁiflﬁ': e
Mimsouri River Division
Omaha Distrist OfTice

Part I Reviewed by H. M. Sec. of
Weather Bureau, 12/7/52
Part IL Approved by Office, Chief
of Engineers for Distribution
of Factual Data, §/10/5¢
Remarks:

Center near Holt, Mo,

LEGEND
zasmy APgs covered by

... finsl isshystal map.

=inch isehyet. LOCATION MAP Ceupolnt TEY, Ref, Pts 1O 5
T [»] P TIONS Grid E-14
PART I
Preliminary isohyetal map, in sheet , scale
Precipitation data and mass curves: (Numbar of Sheets)
Form 5001-C (Hourly preclp. data).. .o, mis study was computed
Form 5001-B (24-hour * i I . by the Regionel Method
Form S5001-D (™ * o o i R A which does not employ the
Miscl. precip. records, mateorological dats, etc. Part I and P'“"ttn phuaes
Form 5002 (Mass rainfall curves). . ... __ 10 their entirety.
PART I

Final |sohyetal maps, In 1 sheet , scale lsiuve,uuu
Data and computation sheets:

Farm S5-10 a from mass rainfall curves). ____ . —__. 8

Form 5-1l (Depth-area data from isohyetal map) - oo o 4

Farm S-12 (Maximum depth-duration date)_ _ ___ - ___._ 7

Maximum duration-depth-srea curves. .. .- 1
Data relating to periods of maximum rainfell o - -

MAXIMUM AVERAGE DEPTH OF HAIHFALI._. IN _INCHES3
Area in 5q. ML Duratien of Rainfall In Hours

Wax,Statlon .;.;. :hﬁﬁ"’iﬁf:‘i 1::5——?};%&

10| 11.6) 11.5) 11.6 | 11.6 | 11.5 | 12,6 | 16.8 | 15.8 | 18.3

100 7.0 7a9| 79| T3] T.9| 9.5 12,9 12,0 14.1

200] 7.1 TWl] TW1) T T Bl Q1.9 1340

6.3] 6.3]| 8.3 6.3]| 6.3 | 7.4 20.5 | 20.8| 11,8

800
1000 | 5.6]| B.8) 5.8| 5.5| B8 | 6.8 9.6 9.8 L0.5
2000 | 4.9 4.9 4.9 | 4.2 | 48| BT | 2.4 8.4 5.3
00 B.5] 3T 3.T| 3.7 3.7 4.8]| 8.7 8.T| 7.3
10000 | 2,8 2.9 | 3.0| 3.0) 3.0 3.7 | 5.4 5.4 5.9
b |
2

20000 | 1.8 2.1| 2.2 | 2.2 | 2.2 4.4 | 4.8 4.7

;:Zi e | H| M

.Lﬂ i3

L CAEIER R

306000 Eé
Appendix F: Table F.85: Depth-area-duration chart for Holt, MO June 18, 1947
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DEPARTMENT OF Thg amMY _comes o EmggEns

STORM STUDIES -~ ISOHYETAL MAP

Storm of _18-23 June [947 Assignment MR 8- 20
Study Prepored by:Omaha, Nebr., District

Curtis--
-

Storm Perlod120 hours
from 6 PM B Jung
to_6 PM_23 Jung

SCaLE

Forpuanc Fegh rles

MASS RAINFALL CURVES
: .

" =
¥ -
% 20- | _J
z e Lot 39° 27" Long. H*zo‘tmwrﬁwg;
> [~ '
]
= F |
& o Polo, Mo., 9.7~
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= = Curtis, Nebr., 5.3
g . ; | | -
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T _—

Appendix F: Figure F.111 and Figure F.112: Total storm isohyetal and Mass curve chart for Holt, MO June
1947
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Cole Camp, MO, AWA 41

August 12, 1946
Storm Type: Frontal
Grid Points Used: 1-3, 8-10, 16-17
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Storm Name: USACE MR 7-2A-Cole Camp, MO

Storm Date: 8/12-15/1946 Storm Adjustment for ANO Grid Point 1
AWA Analysis Date: :12/15/2013
Temporal Transposition Date 1-Aug
Lat Long Moisture Inflow Direction S@ 410 miles
Storm Center Location 3846N 9320W Grid Point Flevation 350 feet
Storm Rep Dew Point Location 32.85N  03.00W Storm Center Elevation 1,000 feet
Transposition Dew Point Location 36.82N 0137W Storm Rep Analysis Duration 24 hours
Grid Point Location 3531N 9323W
The storm representative dew pointis  76.0F with total precipitable water above sealevel of 2.99  inches.
The in-place maximum dew pointis  80.5F with total precipitable water above sealevel of 3.68  inches.
The transpositioned maximum dew pointis  80.5F with total precipitable water above sealevel of 3.68  inches.
The in-place storm elevationis 1,000 which subtracts  0.26 inches of precipitable water at 76.0F
The in-place storm elevationis 1,000 which subtracts  0.29 inches of precipitable water at 80.5F
The transposition storm elevation at 350 which subtracts  0.30 inches of precipitable water at 80.5F
The Grid Point/inflow barrier heightis 1,000 which subtracts  0.30 inches of precipitable water at 80.5F
The in-place maximization factor is 1.24 MNotes: DAD walues taken from HME 51 DAD Table Storm
The transposition factor is 1.00 Indsx M. 30-USACE _\I_R 7-2B. Storm reprassntative dew point
The elevation/barrier adjustment factor is 1.00 valve was bas?é on mazumm ;14_11: Tévaluss betwazn August 10-
11, 1546 at KBAD and KNLU.
The total adjustment factor is 1.24
|Observed Storm Depth-Area Duration
6 Hours | 12 Hours 18 Hours 24 Hours : 30 Hours | 36 Hours : 48 Hours | 60 Hours : 72 Hours
10 sgmiles:  10.6 11.0 11.1 15.0 17.4 18.5 19.0 19.4 19.4
100 sq miles 9.0 9.9 10.0 13.4 16.0 17.0 183 18.6 18.6
200 sq miles 8.3 9.2 9.4 12.4 15.0 16.1 17.4 17.7 17.7
300 sq miles 7.0 7.9 8.0 10.4 12.9 141 15.5 15.9 15.9
1000 sq miles 5.5 6.6 7.0 8.3 10.9 12.0 13.7 141 141
2000 sg miles 4.2 5.5 6.3 6.8 9.4 10.4 11.8 12.3 12.3
5000 sq miles 3.3 4.7 5.6 5.9 7.8 8.6 9.6 10.0 10.1
10000 sq miles 1.8 4.2 5.0 5.4 6.5 7.2 8.1 8.4 8.7
20000 sq miles 2.3 34 4.2 4.5 5.1 5.7 6.6 6.0 7.2
Adjusted Storm Depth-Area-Duration
6 Hours : 12 Hours 18 Hours 24 Hours : 30 Hours | 36 Hours | 48 Hours | 60 Hours | 72 Hours
10 sqmiles; 13.1 13.6 13.7 18.6 215 229 23.5 24.0 240
100 sgmiles: 111 12.3 12.4 16.6 19.8 21.0 22.7 23.0 23.0
200 sqmiles:  10.3 11.4 11.6 154 18.6 19.9 215 21.9 21.9
500 sg miles 8.7 9.8 9.9 12.9 16.0 17.5 19.2 19.7 19.7
1000 sq miles 6.8 8.2 8.7 10.3 135 149 17.0 17.5 17.5
2000 sq miles 5.2 6.8 7.8 8.4 11.6 12.9 14.6 15.2 152
3000 sq miles 4.1 5.8 6.0 7.3 0.7 10.6 11.9 12.4 115
10000 sq miles 3.5 5.2 6.2 6.7 8.0 8.0 10.0 10.4 10.8
20000 sq miles 2.8 4.2 5.2 5.6 6.3 7.1 8.2 8.5 8.0
Storm or Storm Center Name USACE MR 7-2A-Cole Camp, MO
Storm Date(s) 8/12-15/1946
Storm Type General Storm
Storm Location 3846 N 03.20W
Storm Center Elevation 1000
|Precipitation Total & Duration (10 sq mi) 19.40 Inches in 6)-hours
Storm Representative Dew Point 16.0F 24
Storm Representative Dew Point Location 323N 93.00 W Jul Aug
Maximum Dew Point 803F 80.5 80
Moisture Inflow Vector S@410
|l-place Mawimization Factor 1.24
Temporal Transposition (Date) 1-Aug
Transposition Dew Point Location 3682 N nRITW Jul Aug
Transposition Maximum Dew Point 80.3F 80.5 80.5
Transposition Adjustment Factor 1.00
Grid Point Elevation 350
|Highest Elevation in Basin 14 344
|inflow Barrier Height 1,000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.24

Appendix F: Table F.86:
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REPARTHMCHT OF THE ARMY CORPS OF ENGIKELRS

= STORM STUDIES = PERTINENT DATA SHEET

Storm of 12-15 August 19Lé
oF '

i . Assignment MR 7-2A
Location Kansas & Vissourl
Study Preﬁnd H
Wissouri var Dlvision
Kansas City District

Part T Reviewed by H. M. Sec. of
Weather Bureau, B/30/%0

Part IT Approved by Office, Chief
of Engineers for Distribution
of Factual Data, g /20/60

Remarks: Center near

Cole Camp, Mo,
Dewpt., TL® - Ref. Pt. LWD'8

LEGENWD
==y Arga covered by
- final isohyetal map.

[

@ s inciosed b
“Inch isshyert. LOCATION MAP

sExtrupolated arid F-1l,
A COMPUTATIONS COMPILED
PART X
Preliminary isohyetal map,in 1  sheet , scale 14 1,000,000
Precipitation data and mass curves: (Number of Sheets)
Form 5001-C (Hourly preclp. data). - - oo oo mnne 8l
Form 5001-B (24-hour * T L -
k. Form S001-D (" = * Ji LS S e 18
. Miscl. precip. records, meteorological data, efc.. oo _. 30
Form 5002 (Mass rainfall curves). _ . ____ ____ __________. 51
PART IL

Final isahyetal maps,in 1 sheet , scale 11 1,000,000
Data and camputation sheets:

Form 5-10 (Data from mass rainfall curves).__ __________. 6
Form S-1l (Depth-area data from isohyetsl map) . ________ 2
Farm S-12 (Maximum depth-duration data). . ..o oo 16
Maximum duration-depth-area curves___________________ 1
Data relating to perlods of maximum rainfall .- _________ 2
MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES
Area In 5q9. Mi. Duration of Rainfall in Hours
6 |12 18 | al Jyo [36 TIE éo | 72 | 78
10 fe,6 1.0 [11.1 [15.0 [17.L |18.5 |19.0 [19.k |19.L [19.L
100 | 9.0 | 9.9 [10.0 [13.k [16.0 |17.0 |1B.3 [1B,6 |18.6 [18.6
200 18,3 | 9.2 |9.0h 12,k |15.0 [16.1 [17.L |17.7 |17.7 |17.7
500 | 7.0 | 7.9 | 8.0 [ro.k [12.9 |1L.1 [15.5 |15.9 1ﬁ.9 15.9
1,000 | 5.5 | 6.6 | 7.0 | 8.3 [10.9 [12,0 [13.7 [1h.1 |1k.1 [1L.1
2,000 | he2 (5.5 6.3 | 6.8 | 9.k 10.k [11.8 [12.3 |12.3 |12.3
g,000 | 3.3 [ L.7 | 5.6 | 5.9 | 7.8 | 8.6 | 9.6 [10.0 |10.1 |10.1
10,000 | 2.8 | L.2 (5,0 |65.L |65 | 7.2 | 8.1 | 8.4 | B.7 | 8.7
20,000 | 2.3 | 3.4 | b2 | ka5 | 5.1 | 5.7 | B | Bu2 | 7.2 | T2
Ls,000 | 1.4 (2.3 | 2.7 | 2.9 [3.3 | 3.9 | L5 [ LB | 5.0]5.0

Form 5-2

Appendix F: Table F.87: Depth-area-duration values for Cole Camp, MO August 12, 1946

Page 201 of 346



DEPARTMEMT OF THE ARMY CORPS OF ENGINEERS

STORM STUDIES - ISOHYETAL MAP

Storm of _12=1§ August 1946 _ Assignment _ MR 7-24 i)
Study Prepared by: Kansas Oity,Ms, Distrist

__ Mipsouri River Division _ e

Storm Period_78 _ hours i3
from_5 AM 12 Aug, |
o 9 AM 15 Auge i9, 000,000

Pelycenid Prajearias

SCALE

MASS RAINFALL GURVES

26 -
o [
w
§ =
£ E 0dls Cafp, Ma{ 19.0
.- [ 1
:-—T.r » = e ot —L4anide, Mo, 136"
o & T[T [ T Ofecker| Mo, }Z.8" e
8 e o ul " Maal9e
S = A h__f--;_--:wﬂe.. ldwin| Kana| 9.3"
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Appendix F: Figure F.113 and Figure F.114: Isohyetal map and mass curve chart for
Cole Camp, MO August 12, 1946
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Collinsville, IL, AWA 42

August 12, 1946
Storm Type: Frontal
Grid Points Used: 1-3, 8-10, 16-17
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Storm Name: USACE MR 7-2B-Collinsville, IL
Storm Date; 8/12-15/1946 Storm Adjustment for ANO Grid Point 1
AWA Analysis Date: :12/15/2013
Temporal Transposition Date 1-Aug
Lat Long Moisture Inflow Direction SSW @ 455 miles
Storm Center Location 386TN  BLOBW Grid Point Elevation 350 feet
Storm Rep Dew Point Location 32.55N  Q3.00W Storm Center Flevation 500 feet
Transposition Dew Point Location 36.61N 95.75W Storm Rep Analysis Duration 24 hours
(Grid Point Location 3531N 9323 W
The storm representative Tdis  76.0F with total precipitable water above sealevel of 2.99  inches.
The in-place maximum Tdis  80.5F with total precipitable water above sealevel of 3.68  inches.
The transpositioned maximum Tdis  80.0F with total precipitable water above sealevel of 3.60  inches.
The in-place storm elevation is 500 which subtracts 0.13 inches of precipitable water at 76.0F
The in-place storm elevation is 500 which subtracts 0.16 inches of precipitable water at 80.5F
The transposition storm elevationat 350 which subtracts 0.29 inches of precipitable water at 80.0F
The Grid Point/inflow barrier heightis 1,000 which subtracts 0.29 inches of precipitable water at 80.0 F

The in-place maximization factor is 1.22 Notes: DAD valpes taken from FME 51 DAD Tabls Storm Index
The transposition factor is 0.94 : S?_USACE. ME 'T_;jB};r ??ﬂ:rﬁasmtati‘: de ﬁtl‘-il::as
- - - - 2320 Ofl MUK L5 ¢ valpes betwesn Auvgust - N at
The elevation/'barmier adjustment factor is 1.00 CBAD 2nd KMLU.
The total adjustment factor is 1.16
Ohserved Storm Depth-Area-Duration
6 Hours : 12 Hours 18 Hours 24 Hours | 30Hours : 36 Hours | 48 Hows | 60Hows : 72 Hours
1 sq miles 6.4 10.2 1.6 1.7 14.1 18.0 18.1 18.6 18.7
10 sq miles 6.0 0.8 121 11.1 13.7 17.5 17.6 18.3 18.3
100 sq miles 5.6 8.8 10.9 11.1 13.2 16.6 16.7 17.5 17.6
200 sq miles 54 8.3 10.5 10.6 13.0 16.2 16.3 17.2 17.3
300 sq miles 52 7.7 9.7 9.9 12.8 15.5 15.6 16.7 16.9
1000 sq miles 4.9 7.0 8.9 9.0 12.6 14.7 14.8 15.9 16.0
2000 sq miles 4.3 6.1 7.6 7.8 11.2 13.3 134 14.3 14.3
3000 sq miles 33 4.3 5.9 6.0 8.6 10.4 10.6 11.3 11.4
10000 sq miles 24 37 4.5 4.6 6.6 8.0 8.2 8.7 8.3
20000 sg miles 1.5 2.5 3.1 32 4.6 5.6 5.8 6.0 6.1
Adjusted Storm Depth-Area-Duration
6 Hours : 12 Hours 18 Hours 24 Hours : 30Hours : 36 Hours | 48 Howrs | 60Hows | 72 Howrs
1 sq miles 74 11.8 14.6 14.7 16.3 20.8 20.9 215 216
10 sq miles 6.9 11.3 14.0 14.0 15.9 20.3 204 212 212
100 sq miles 6.5 10.2 12.6 12.8 15.3 19.2 19.3 20.3 20.4
200 sq miles 6.2 9.6 12.2 12.3 15.0 18.7 18.9 19.9 20.0
300 sq miles 6.0 8.9 11.2 11.5 14.8 17.9 18.1 19.3 19.6
1000 sg miles 5.7 8.1 10.3 10.4 14.6 17.0 17.1 18.4 18.5
2000 sq miles 5.0 7.1 8.8 2.0 13.0 15.4 15.5 16.6 16.6
3000 sq miles a8 5.6 6.8 6.9 10.0 12.0 123 131 132
10000 sq miles 28 4.3 5.2 5.3 7.6 9.3 9.5 10.1 10.2
20000 sq miles 1.7 2.0 3.6 3.7 5.3 6.5 6.7 6.9 7.1
Storm or Storm Center Name USACE MR 7-2B-Collinsville, IL
Storm Date(s) 8/12-15/1946
Storm Type General Storm
Storm Location 867N 3008 W
Storm Center Elevation 500
Precipitation Total & Duration {10 sq mi) 18.7 Inches in 72-hours
Storm Representative Dew Point T60F 24
Storm Representative Dew Point Location 3235N 03.00 W Jul Aug
Maximum Dew Point 803 F 80.3 20
Moisture Inflow Vector SEW @ 435
In-place Maximization Factor 1.23
Temporal Transposition (Date) l-Aug
Transposition Dew Point Location 36.61 N 9573 W Jul Augz
Transposition Maximum Dew Point 80.0F 80 80
Transposition Adjustment Factor 0.94
Grid Point Elevation 330
Hizhest Elevation in Basin 14,344
Inflow Barrier Height 1.000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.16

Appendix F: Table F.8

8:
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DEPARTHINT OF THE ARWY CORPS OF DG iwEL RS

STORM STUDIES - PERTINENT DATA SHEET
z Storm of 12-16 August 1946
: “tuf ok " = Assignment MR 7-2B

. Location Mo.,I1l.,Ind. & Ky.

Y RPN verrey

Division
St, Louls Distrlet

Part I Reviewsad by H. M. Sec. of
Weather Bureau, 7/8/49
Part IL Approved by Office, Chief
af Engineera for Dlatribution
of Factusl Data, 3/20/50
Remarka: Centar near
Collimsville, Ill.

finsl faohyetal map.

Arga incloned by
. - - Dewpt, 74° Ref, Ft. 225 §
&5 -imen Isonyet LOCATION _MAP Dt 25
N MPUTAT P
PART I
Preliminary isohyctal map, in 1 sheet , scale 1: 1,000,000
Precipitation data and mass curves: (Numbar of Sheets)
Form 5001-C (Hourly precip. data)_ _ ..o ceaoonn - 58
F'rm 5““"’“ {u-hn“r " - ]1—--"- ----- LR B B R E_I L _E_8 £ o —
Form S00L-D (* * * L) FERI Rt SN SNty 16
Miscl. precip. records, meteorological date,etc. _ ___ __ ________ 15
Form 5002 (Mass rainfall curves). . ___ _________________. &L
BART I

Final Isohyetal maps, in 1 sheet , scale 1: 1,000,000
Data and computation sheets:

Ferm S-10 (Data from mass rainfall curves) _____________ 5
Form S-Ii (Depth-area data from isohyetal map)_ . ________ 3
Form S-12 (Manimum depth=-duration data)__ .. ___ . ____ T
Maximum duratien-depth-ares curves._ _ . _ . @ cceeccean ot
Data relating to perlods of maximum rainfall o . _____ 2

MAXIMUM AVERAGE DEPTH _OF RAINFALL IN INCHES

Area in 5q. Mi. Duration of Rainfall in Hours
6 | 12 {18 | 24 30 |36 80 |72 [ 96 | 114
Max, Sta. 6.4 RoO.2 f2.6 P27 [aa [18.0 P81 18,5 (18,7 [19.4 [ 19.5
o |&,0 |9.8 [2,1 p2.1 Q3.7 17.5 Q7.6 [1e.3 [18.3 [18.9 | 19,0
100 | 5.6 |8.8 f0.9 Q1.1 J12.2 (16.6 (16,7 [17.5 |17.6 (13.0 | 1B.1
200 | 5.4 | 8.3 Q0.5 Ilﬂ.& 13.0 |16.2 }16,31 [17.2 J17.3 117.7 | 17.8
500 | 5.2 | 7.7 | 9.7 | 9.9 2.8 [15.5 1556 [16.7 |16.9 |J17.1 | 17.2
llﬂm "ilq ?-n Et? giﬁ 12;6 1&-1-7 u-ﬁ 15#’9 16-0' 16-3' l'ﬁ'-ﬁ-
2,000 (L3 | 6.1 | 7.5 | 7.8 Ml.2 3.3 P34 4.3 |14.3 LL.6 | 1LY
5000 (3.3 |4.8 | 5.9 | 6,0 | 8.6 0.4 P06 [11.3 [11.4 1.6 | 11.8
10,000 [ 2.4 | 3.7 |4.5 |40 | 6.6 | 8.0 | 8,2 | 8.7 | 8.8 | 9.0 9.1
20,000 (1.5 | 2.5 13.1 |3.2 |4.5 | 5.6 | 5.2 | 6.0 | 6,1 | 6.3 6.5
20,400 1.5 [ 2.5 [3.1 | 3.2 | 4.5 | 5.5 | 5.7 | 6.0 | 6.1 | 6.3 L
et
’Fﬂrmﬂ

Appendix F: Table F.89: Depth-area-duration values for Collinsville, IL August 12, 1946
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DEPARTMENT _OF THE ARMY COMPS OF

STORM STUDIES - ISOHYETAL MAP
Storm of __ 1218 August 1946 Assignment MR T=2B

Study Prepored by:_ t, Lowls, Mo, District
_u ’ o _Egrjllilllm lsy Division o
\

“ Storm Period_ll4 houre \
m a " ]: 'H L] SCALE
to___2 PM 18 Auga i 19,000,000
Favpmara Beoly s

MASS RAINFALL GURUE?
|
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Appendix F: Figure F.115 and Figure F.116: Isohyetal map and mass curve chart for
Collinsville, IL August 12, 1946
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Stanton, NE, AWA 43

June 10, 1944
Storm Type: MCC
Grid Points Used: 2-4, 8-11, 16-18
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Storm Name: USACE MR-6-15-Stanton, NE
Storm Date: 6/10-11/1944 Storm Adjustment for ANO Grid Point 2
AWA Analysis Date: (12/15/2013
Temporal Transposition Date 25-Jun
Lat Long Moisture Inflow Direction SSW @ 530 miles
Storm Center Location 41.87TN 9705 W Grid Point Elevation 550 feet
Storm Rep Dew Point Location 3440N 9950W Storm Center Elevation 1,700 feet
Transposition Dew Point Location 35.25N  95.02W Storm Rep Analysis Duration 6 feet
(Grid Point Location 34.50N  9550W
The storm representative dew pointis  76.0F with total precipitable water above sealevel of 2,99  inches.
The in-place mamimum dew pointis ~ 80.0F with total precipitable water above sealevel of 3.60  inches.
The transpositioned maximum dew pointis  80.5F with total precipitable water above sealevel of 3.68  inches.
The in-place storm elevationis 1,700 which subtracts 0.43 inches of precipitable water at T6.0F
The in-place storm elevationis 1,700 which subtracts 0.48 inches of precipitable water at 80.0F
The transposition basin elevation at 550 which subtracts 0.30 inches of precipitable water at 805F
The Grid point‘inflow barmer heightis 1,000 which subtracts 0.30 inches of precipitable water at 80.5F

The in-place storm maximization factor is 1.22 Notes: DAD values taken from USACE Storm Studies MR §-
The transposition/elevation to basin factor is 1.08 15, Storm representative Td value was based on maximum -

The batrier adjustment factoris 1.00 hr Td values between June 10, 1944 at mid-point of KCDS,

KLTS and KFDR.
The total adjustment factor is 1.32
|Observed Storm Depth-AreaDs

6 Hours 12Hours | 18Hours : 24 Howrs : 30 Howrs : 36 Howrs : 48 Hows ;| 60 Hours : 72 Hours

1 sq miles 15.5 15.8 158 15.8 15.8 15.8 16.8 17.3 17.3

10 sq miles 134 153 153 153 153 15.3 16.2 16.4 16.7

100 sq miles 11.7 13.6 13.6 13.6 13.6 13.7 148 14.9 15.1

200 sq miles 11.1 12.9 12.9 12.9 12.9 13.1 141 143 14.4

300 sq miles 9.8 11.3 11.5 11.5 11.5 11.6 12.5 12.7 12.8

1000 sq miles 7.8 9.0 9.3 9.3 9.3 9.4 10.1 10.4 10.4

2000 sq miles 5.9 6.9 7.1 7.1 7.2 7.3 7.8 8.1 8.1

3000 sq miles 34 4.0 4.2 4.6 4.7 4.9 5.3 5.5 5.7

10000 sq miles 22 2.5 2.7 3.5 3.9 4.1 4.5 4.7 4.9

20000 sq miles - - - - - - - - -
Adjusted Storm Depth-Area-Duration

6 Hours 12Houwrs | 18Hours | 24 Howrs : 30 Howrs ;| 36 Hours : 48 Howrs | 60 Hours @ 72 Hours

1 sg miles 20.4 20.8 20.8 20.8 20.8 20.8 222 228 228

10 sq miles 17.7 202 20.2 202 20.2 20.2 214 21.6 22.0

100 sq miles 15.4 17.9 17.9 17.9 17.9 18.1 19.5 19.7 19.9

200 sq miles 14.6 17.0 17.0 17.0 17.0 17.3 18.6 18.9 19.0

300 sq miles 12.9 14.9 152 152 152 153 16.5 16.7 16.9

1000 sg miles 10.3 11.9 12.3 12.3 12.3 12.4 133 13.7 13.7

2000 sq miles 7.8 9.1 0.4 0.4 9.5 9.6 10.3 10.7 10.7

5000 sq miles 4.5 53 5.5 6.1 6.2 6.5 7.0 7.3 7.5

10000 sq miles 2.9 33 .6 4.6 51 5.4 5.0 6.2 6.5

20000 sq miles - - - - - - - - -

Storm or Storm Center Name

USACE MR-6-15-Stanton, NE

Storm Date(s) G/10-11/1944

Storm Type MCC

Storm Location 41.8TN 9705 W
Storm Center Elevation 1.700

|Precipitation Total & Duration

1.3 Inches 60-hours USACE Storm Studies MR 6-15

Storm Representative Td T60F 6

Storm Representative Td Location 440N 0030 W

Maximum Td 80.0F

Moisture Inflow Vector SEW @ 530
|In-place Maximization Factor 122

Temporal Transposition (Date) 25-Jun

Transposition Td Location 3525N 95.02 W June July
Transposition Maximum Td 805F 79.5 825
Transposition Adjustment Factor 1.08

Grid Point Elevation 330

|Eighest Elevation in Basin 14344

|mfiow Barsier Height 1000

Elevation Adjustment Factor 1.00

Total Adjustment Factor 1.32

Appendix F: Table F.89:
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DEPARTMENT OF THE ARMY SORPS_OF ENGINEERS

STORM STUDIES - PERTINENT DATA SHEET

Storm of 10-13 June 19}

., TP W W e Assignment MR 6-15

Location Ja., Nebr., 8, mek.
Study Prepared by:

Mimsouri River Mvision
Omaha Matrict O0ffice

Fart I Reviewed by H. M. Sec. of

| — Weather Bureau, 8/7/15

Part IL Approved by Office, Chief
of Englneers for Distribution

~LEGEWD- of Factual Data, 2/10/8
===y AP d .
{...! ﬂ:t: F:;rl:l!hr'n.p. . R;tr:::‘::. hg;nt.r amr
Area Inclosed by g
& 5-inen isohyet. Dewpt, 70°- Rer. Pt. 125 SSE
TION  MAP Gutar Hete
DATA AND COMPUTATIONS COMPILED
PART I
Preliminary |schyetal map, in 2 sheets, scale 11500,000
Precipitation data and mass curves: (Number F Sheets)
Form 5001-C (Hourly precip. data)_ . .. __________________ 56
Form 5001=B (24-hour * i -
Form 5001-D (" = » iR | O I o 19
Miscl. precip. records, meteoralogical data, etc, . ____________ 11
Form 5002 (Mass rainfall curves)_ ______________________ al
PART II

Final ischyetal maps, In 1 sheet , scale 500,000
Data and computation sheets:

Form S-10 (Data from mass rainfall curves). . _ __ ___._.____. 3
Form S-1 (Depth-area data from isohyetal map)___________ 2
Farm S-12 (Maximum depth-duration data)__ .. _________ 13
Maximum duration-depth-area curves_ __________________ 1
Data relating to periods of maximum rainfall_ ____________ 5
MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES
Area in 5q. Mi. Durafion of Rainfall In Hours
[ 12 18 2l 30 36 LB 60 72 T8
Max.Sta, |15.5 |15.8 [15.8 |15.8 |15.8 |15.8 [16.8 [17.3 [17.3 [17.3
10 |13.L4 {15.3 |15.3 [15.3 |15.3 |15.3 |14.2 (16.L |16.7 |16.7
100 [11.7 |13.6 |13.6 |13.6 |13.6 |13.7 |14.8 |14.9 [15.1 [15.1
200 |11.1 (12.9 |12.9 [12.9 (12.9 [13.1 [1k.1 [1k.3 |ak.b |1h.h
500 | 9.6 [11.3 |11.5 (1.5 [11.5 |11.6 |12.5 [12.7 |12.8 |12.8
1,000 (7.8 | 9.0 [ 9.3 | 9.3 | 9.3 | 9.4 |10.1 [20.k [20.k |10.L
2,000 | 5.9 | 6,9 | T, 1{71|7.2|7.3)]7.8]|8.1] 8.1/ 8.1
S,UJD Joll Ilon hi-? h-ﬁ I.I.-T !l-g 5-3 5-5 5-7 5-3
10,000 | 2.2 [ 2,5 | 2.7 | 3.5 | 3.9 | b1 | b5 | L7 | b9 | 5.0
16,000 (1.8 | 2.0 (2.2 ]| 2.9 |3.5] 3.7 L1 | L3 | L5 | k.6
Form 5-2

Appendix F: Table F.90: Depth-area-duration chart for Stanton, NE June 10, 1944
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EPARTMENT OF THE ARMY GORPS CF ENGINEERS

STORM STUDIES - ISOHYETAL MAP
Assignment MR 6-15
D

Storm of

10-12 June 1944
Study Prepared by: it
— Marouri River Divigion

Storm Period_78 _hours
from__56 AM Juns 10

to i? ¥ June 13

SCALE

S
19,000,000
Palycanio Prafscring

MASS RAINFALL CURVES

o
W -
é =
= 20
z S lat. 41°82'~ Long. 91°903"
13 5 - E=
5 15 = f_h Nobr 17-5“
= —
o =
& [
5wk L .—f==--—Turkey lidge Story,
E = e o, Up 1l.
= sl N
a8 E 4 Ve Cryst4l lake, Ia.
= g f‘ 4"
3 e fi /
3 = }j =
3 0 1 1 ' nal 1 =t | | | | |
S i fl'- 8, o B, 6P L L &K T
m“__—

Appendix F: Figure F.117 and Figure F.118: Isohyetal map and mass curve chart
for Stanton, NE June 10, 1944
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Mounds, OK, AWA 44

May 16, 1943
Storm Type: MCC
Grid Points Used: 1-4, 8-11, 16-18
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Storm Name: SW2-21-Mounds, OK
Storm Date: 5/15-20/1943 Storm Adjustment for ANO Grid Point 1
AWA Analysis Date: (12/15/2013
Temporal Transposition Date 1-Jun
Lat Long Moisture Inflow Direction SEW @ 150 miles
Storm Center Location 3588N 96.06 W (Grid Point Flevation 350 feet
Storm Rep Dew Point Location 3384N 0698 W Storm Center Elevation 750 feet
Transposition Dew Point Location 40.69N 0358W Storm Rep Analysis Duration 6 hours
Grid Point Location 3531N  9323W
The storm representative dew pointis  7T3.0F with total precipitable water above sealevel of 2.60  inches.
The in-place maximum dew pointis  78.5F with total precipitable water above sealevel of 3.37  inches.
The transpositioned maximum dew pointis  77.0F with total precipitable water above sealevel of 314  inches.
The in-place storm elevation is 750 which subtracts  0.18 inches of precipitable water at T30F
The in-place storm elevation is 750 which subtracts  0.22 inches of precipitable water at T85F
The transposition storm elevation at 350 which subtracts  0.27 inches of precipitable water at 77.0F
The Grid point/inflow barrier heightis 1,000 which subtracts  0.27 inches of precipitable water at 77.0F

The in-place maximization factor is 1.30 Motes: Storm rep Td r=-analyzed wing hourly surface observations.
The transposition factor is 0.91 }'LAD)\IL KFWH, and KGVT used to derive the 6 hovr average storm
The elevation/barrier adjustment factor is 1.00 rep T2
The total adjustment factor is 1.19
'Observed Storm Depth-Area-Duration
6 Hours : 12 Hours 13 Hours 24 Hours | 30 Hours | 36 Hours | 48 Howrs | 60 Hours | 72 Hours
10 sqmiles; 159 16.7 16.7 16.7 - 16.7 16.7 16.7 16.7
100 sq miles:  14.2 14.8 14.9 14.9 - 14.9 14.9 15.0 154
200 sqmiles:  13.0 13.5 13.9 13.9 - 13.9 13.9 13.9 144
300 sg miles 9.2 10.6 11.1 111 - 11.5 12.0 13.7 14.4
1000 sq miles 6.2 7.9 8.4 8.5 - 10.0 10.8 13.2 13.8
2000 sg miles 4.0 53 6.3 6.6 - 9.2 10.0 12.6 132
5000 sg miles 3.0 3.6 4.9 5.4 - 8.3 8.9 11.5 12.1
10000 sq miles 2.6 3l 4.2 4.8 - 7.3 8.0 10.2 10.7
20000 sq miles 2.1 2.6 3.5 4.2 - 6.2 6.9 8.6 9.1
Adjusted Storm Depth-Area-Duration
6 Hours : 12 Hours 18 Hours 24 Hours : 30 Hours ; 36 Hours : 48 Howrs | 60 Hours : T2 Hours
10 sqmiles; 18.9 19.8 19.8 19.8 - 19.8 19.8 19.8 19.8
100 sqmiles; 16.8 17.6 17.7 17.7 - 17.7 17.7 17.8 18.3
200 sqmiles; 154 16.0 16.5 16.5 - 16.5 16.5 16.5 171
300 sqmilesi  10.9 12.6 13.2 13.2 - 13.6 142 16.2 171
1000 sq miles 7.4 9.4 10.0 10.1 - 11.9 12.8 157 16.4
2000 sq miles 4.7 6.3 7.5 7.8 - 10.9 11.9 14.0 15.7
3000 sq miles 3.6 4.3 58 6.4 - 0.8 10.6 13.6 144
10000 sq miles 3.1 37 5.0 5.7 - 8.7 0.5 121 12.7
20000 sq miles 25 3.1 4.2 5.0 - 7.4 8.2 10.2 10.8
Storm or Storm Center Name SW 2-21-Mounds, OK
Storm Date(s) 3/15-20/1943
Storm Type MCC
Storm Location 3588 N 06.06 W
Storm Center Elevation 730
Precipitation Total & Duration (10 sq mi) 17.0 inches in 12 hours
Storm Eepresentative Td J3.0F ]
Storm Eepresentative Td Location 33N 96.98 W May June
In-place Maximum Td T183F m %
Moisture Inflow Vector SsW @ 130
In-place Maximization Factor 1.30
Temporal Transposition (Date) 1-Jun
Transposition Dewpoint Location 40.69N 0358 W May June
Transposition Mazimum Td TI0F 4.5 9
Transposition Adjustment Factor 0.91
Grid Point Elevation 350
Hizhest Elevation in Basin 14 344
Inflow Barrier Height 1,000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.19

Appendix F: Table F.91:

Storm spreadsheet for Mounds, OK May 16, 1943
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BEPARTHENT OF THE ARWY CORFS OF ENCINELRS

STORM STUDIES - PERTINENT DATA SHEET

Storm of  12.20 May 1943
se | MEAWE or g Assignment oy 2.7
Location Cklahoms to Orest lake

Study Pr ed by

Sonthwestern Division
Tulea District Office

Part I Reviewed by H. M. Sec. of
Waeather Bureau, 10/9/46
Part I Approved by Office, Chief

of Engineers for Distribution

of Factual Data, £/15/49
Remarks; Center- nesr
HMounds, Okla,

a8 Incloned by O _ Ref. Pt, 60 ESE
@!-ﬂbﬂl Isehyat, IEHT&H u!F Deupt. 3‘1‘1 615
T A TATIONS
PART I
Preliminary isehyetal map, in 1 sheet , scale 1: 1,000,000
Precipitation data and mass curves: (Numbar of Shests)
Form 5001-C (Hourly precip. data)___________._ e e 53
Form 5001=-8 (24-hour * |l SN T S,
Form 5001-D(* = * il DS S S P A S OU R
Miscl. precip. recerds, mateorciogical date, atC.. - - e ccmce o 10
Form 5002 (Mass rainfall curves). . - v oo e e e 251
PART I
Final isohyetal maps, in 1 sheet , scale 1: 1,200,000
Data and computation sheeta:
Form S-10 {(Data frem mass rainfall curves)_____________._ die
Form S5-Il (Depth-area dats from Isomyetal o T S i g8
Ferm S5-12 (Maximum depth-duretion date) - c.co - ccccccac- 12
Maximum duration-depth-sres curves_ _ .. e cecaoa== - 1
Data relating to periods of maximum rainfell. - . ___ 1
MAXIMUM _AVERAGE DEPTH RAINFALL IN INCHES
Area in Sq. M. Duratlien of Rainfell in Hours
12 118 |22 |36 A8 | GO |72 [ 96 | 140 ]
Max, Station | 16.2 | 17.RP 7.0 O 0 g -0 [I70 [T [IT9 [T,
10 |15.9| 16.7 P67 6.7 BE.7 [16.7 |16.7 |16.7 [16.8 |16.9 16,9
100 f1L.2| .2 4.9 P29 FL.9 L9 [15.0 |1S5.4 J25.65 |15.9 1159
200 |12.0]13.503.2 P39 Q3.9 (13.9 3.9 44 [R50 115.5 |15.5
son | g.2)1m61,1 [11.1 3.5 (12,0 a7 (4.4 J14.6 (14,9 (1L.9
1,000 | 6.2] 7.9] 8.4 | 2.5 (10.0 PRO.8 [13,2 [13.2 |’4.) [14.9 [1L9
2,000 £.0] 53163 )6.6 | 2,2 [10.0 [12.6 [13.2 3.5 [13.7 |13.7
5,000 3.01 3.6] 4.2 Sadi | Bu3 2.0 (11,5 12,1 |12.4 1_2..5 12.6
10,000 | 2.6 3.3 ]4.2 | 4.8 | 7.2 | 8.0 Jl0.2 [1€.7 (11.0 11,7 |11.4
20,000 2.1 2.613.5 | 4.2 | 5.2 | 6.5 | B.6 | 9.1 S.4 | F.8 J1C.]
sp, 000 | 3.4) 2,002,686 |3.4 |4.615.316.617.0(7.4 | 7.8B])82
100,000 1.1 1.5] 2.0 | 2.6 | 3.5 | 4al | 5.0 | 8ud | 5.8 | Cal | 6.8
200,000 | o7l 1.013.3 11,7 | 2.3 [27]3.5 L 4.3 ] L9 ] 5.2

Form 5-2

Appendix F: Table F.92: Depth-area-duration chart for Mounds, OK May 16, 1943
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i} NT ARNY i

STORM STUDIES = ISOHYETAL MAP
t f__12-30 May 1948 _ W 2e21
it Study Prepared by' Tulsa, Okla, ﬁfh'_ni‘:'ﬁ'?:'_"j_

Seuthwestern Divisiom

Storm Period__188 hours
from_ 11 FM 1% Mey
fo___11 PM 20 ey

MASS RAINFA

=

Ferd

IR

COUMULATED PRECIFITATION IN INGHES

|

Appendix F: Figure F.119 and Figure F.120: Isohyetal map and mass curve chart for
Mounds, OK May 16, 1943
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Silver Lake, TX AWA 45

June 5, 1943
Storm Type: MCC
Grid Points Used: 1-3, 8-10, 16-17
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Storm Adjustment for ANO Grid Point 1

1% Jun
Lar Lamg Maiadiire Inflew DHrection: S5WE 100 =ules
AZET 0560 W C=rid Point Flevation As0 Faset
ADEN o700 W Searm Center Elevation 400 feel
365N o8.60 W Searm Rep Analais Daratian 6 haurs
A5ALN 8323 W
The storm representanve 55T is TTaF with total precipitabie water above sea level of 114 imches.
Thi mi-place minsen S5T o B0 F wath roasd precrpralils water ibove sea level of kR0 Eeluis
The trnwpesitionsd mparsm 557 is TOF with todal precrpitable water sbove e level off 344 wrchen
The meplece stom elevanon is Ay winch subimacts k1 imwchees of precapatabile water at TTOF
The mv-place stom elevasion is 404 wisch subtmees 12 ieches of precepainhle water at B F
The mansposstion slom ebivation at £ witszh subtsscts 0395 wilsss of priecpaisble water ot Te0F
The e posl wilflarw bamer hegh i 1OSE akpch sublzacty 0205 wrhes of precgmabile water at TG F
The in-place maxmsssten Factor is 1.14 Fretan. Hiomm 10 T8 r4-Lnalymed seing Rowy ssriace sbesrvalicas & RO KEPD), |
The ransposition factaris 11,00 il KIND fex the & Do Saciiioen

Thie ebevation bamer adpusimens factor s Lk

The todal admustment fuctar 1o 1.03

USACE 5W 3.1 Silver Lake, TX.
654/2043

\ace

128N BN

A

165 inches in 12 howrs

TRF
nEN MW 1
HoF a0
SEW 200
# Minsimization Facter
(Tempomal Trarnpasiton (Date) 15-hum
Tearsg Dewpoun Location 088N ¥3.60 ' 1
Transpoition Mammim 35T WEF bl
(Irensposien Adjustment Factor
|fGmd Pomt Eksvanom 350
Fighens Hlrvaren = Hasm [TE]
Bam= Hi
Tabon Farctor
ot Adactm et Fartor [E]

Appendix F: Table F.92: Storm spreadsheet for Silver Lake, TX June 5, 1943
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DEPARTHMENT OF THE ARWY CORPS OF EMGINEERS

STORM STUDIES - PERTINENT DATA SHEET

Storm of 5_7 June 1943
LA or M
Mo ot Assignment 5w 3-3
Location Texas & Cklahoma
Study Prepared by:
I St:luthuEth";: Division
Fort Worth, Texas

Part I Reviewed by H. M. Sec. of
Weather Bureauw, 7/7/49
Part IL Approved by Office, Chief

of Engineers for Distribution
of Factual Data, 1C/17/51
Remarks: Center st
Silver Lake, Texas
Dewpt., 75°- Ref, Pt. 23G 5

pm--p Ares coverad by
boeof Tingl isolryetal map.
Ares inciossd by

B-inch isshyel. | OCATION MAP

Grid I=15
A AND COMPUTATIONS COMPILE
PART I
Preliminary isohyetal map, in 1 sheet , scale 1: 1,000,000
Precipitation data and mass curves: {Number of Shaets)
Form 5001-C (Hourly precip. data)_ . _ __ _____________.... 15
Form 5001-8 (24-hour * B Yo nma e s 0
Form S5001-D (" *» * 2 boororccsuraranrsn g
Miscl. precip. records, metesroiogical date, etec._ _ _ __ _ ______.__ 9
Form 5002 {(Mass rainfall curves)_ _______.______________._ =3
PART II
Final isohyetal maps,in 1 sheet , scale 1: 1,000,000
Data and computation sheets:
Form S5-10 (Data from mass rainfail curves)_ _ ___________._ 3
Form S-11 (Depth-area data from ischyet® map)___.__.____ 1
Form S-12 (Maximum depth-duration data)________________ 2
Maximum duration-depth-area curves___________________ 1
Data relating Yo periods of maximum rainfall . _ _ _______ 2

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES

Area in S5g. Mi. Duration of Rainfall in Hours
- 12 18 24 30 36 4B
10 |14.2 | 16,58 | 16.5| 16.5] 16.5 | 16.5 | 16.5
1o |11.1 | 14.8] 18,0151 15.1 ] 15.1 ] 15.1
200 9.7 | 4.1 | 14.3 | 14.6] 14.6 | 14.6 | LL.6
500 B.0 | 12,9 | 13.4 | 13.7| 13.7 | 13.7| 13.7
1000 6.8 |11.6]12.5| 12,8 | 12,81 12.8( 12.8
2000 56| 9.9|10.9 12,0/ 120|110 1.0
000 4.1 7.0 7.8| 8.0 8.1 8, 2.1
lulc[n 2'9 lel--j 5-4 5-? 543 5.5 519
lﬁ.ﬂfﬂ 2lD 342 3!? tpia ip'll 4.1 L.z
Form S-E

Appendix F: Table F.93: Depth-area-duration chart for Silver Lake, TX June 5, 1943
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DEPARTMENT OF THE ARMY CORPS OF ENGINEERS
STORM STUDIES - ISCHYETAL MAP
Storm of _5-7 Jupe 1945 Assignment _5W 33
Study Prepared by: Fort Worth, Tex. District
Sputhweatern Diviaion

PP

Rose Hill, od e EN oA BAlver) Lake
2
"RDT Gi‘li}r L
Storm Period___ 48 hours ; |
from_1 AM 6 June “u‘_ut
i
to 1AM T June !I o~

v
Polysanio Projastion

MASS RAINFALL CURVES

ITTT

IR

A~ |Bilvey Lake| Texag 16.5'
4 Royee |City, [Texas [14,7"
|

FTTT

]
hl—""- Rose ¥411, Texms [T.6" |[(Rsc.)

L

5
E /?Il.....s-uam M,Ttgr' e |5s17
Of gtz :

ACCUMULATED PRECIPITATION IN INCHES

A L | I i
GA &P A 8 1 [T 7 13 [} [ (1Y ¢!P [} BF |

FORM 8-3W

Appendix F: Figure F.121 and Figure F.122: Total storm isohyetal and mass curve chart for
Silver Lake, TX June 5, 1943
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Warner, OK, AWA 46
May 6, 1943
Storm Type: Frontal
Grid Points Used: 1-3, 8-10, 16-17
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Appendix F: Table F.94: Storm spreadsheet for Warner, OK May 6, 1943
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(Storm Name: SW I-20-Warner, OK
Storm Date: 5/6-10/1943 Storm Adjustment for ANO Grid Point 1
AWA Analysis Date: (12/15/2013
Temporal Transposition Date 24-May
Lat Long (Moisture Inflow Direction S @ 160 miles
Storm Center Location 549N H531W Grid Point Elevation 350 feet
Storm Rep Dew Point Location 3320N  95.00 W Storm Center Elevation 600 feet
Transposition Dew Point Location 40.44N 9224 W Storm Rep Analysis Duration 24 hours
(Grid Point Location 3531N 9323 W
The storm representative dew pointis  72.0F with total precipitable water abowve sea level of 247  inches.
The in-place maximum dew pointis  77.0F with total precipitable water above sea level of 314  inches.
The transpositioned maximum dew pointis  T4.0F with total precipitable water above sea level of 273 inches.
The in-place storm elevation is 600 which subtracts 0.14 inches of precipitable water at T20F
The in-place storm elevation is 600 which subtracts 0.16 inches of precipitable water at 770F
The transposition storm elevation at 350 which subtracts 0.24 inches of precipitable water at T4.0F
The Grid point/inflow barrier heightis 1,000 which subtracts 0.24 inches of precipitable water at 74.0 F
The in-place maximization factor is 1.28 Notes: Addad 2° to the USACE storm rep Td based on EP-RJ
The transposition factor is 0.84 :\'abnsl:a:. a.r.|c'. TEWD guidance for a synoptic storm going from
The elevation/bamier adjustment factor is 1.00 12he persisting to averags T4,
The total adjustment factor is 1.07
Ohserved Storm Depth-Area-Duration
6 Howrs : 12 Hours 18 Hours 24 Howrs | 30 Howrs : 36 Hours | 48 Hours | 60 Hours : 72 Hours
1 sgmiles: 10.0 12.5 15.0 17.6 20.0 21.8 24.6 5.0 25.0
10 sq miles 9.9 12.3 14.6 17.2 10.5 21.5 244 24.9 24.9
100 sq miles 8.7 10.8 124 14.9 17.1 19.3 218 225 225
200 sq miles 7.4 9.5 11.4 138 16.0 18.3 20.6 213 213
300 sq miles 5.4 7.6 10.0 12.3 14.5 16.7 18.6 19.4 19.4
1000 sq miles 4.3 6.3 9.0 11.1 13.3 15.4 17.1 18.0 18.0
2000 sq miles 3.6 5.4 8.0 9.9 121 14.0 15.5 16.5 16.5
3000 sq miles .0 4.5 6.8 8.3 10.5 12.1 13.4 14.4 14.4
10000 sq miles 2.6 3.9 58 7.2 9.1 10.4 11.7 12.6 12.6
20000 sg miles 2.1 3.3 4.9 6.1 7.6 8.7 10.0 10.7 10.8
Adjusted Storm Depth-Area-Duration
6 Hours : 12 Hours 18 Hours 24 Hours | 30 Hours ; 36 Hours : 48 Hours | 60 Hours : 72 Hours
1 sqmiles; 10.7 134 16.0 18.8 214 233 26.3 26.7 26.7
10 sqmiles:  10.6 13.1 15.6 18.4 20.8 23.0 26.1 26.6 26.6
100 sq miles 9.3 11.5 13.3 15.9 18.3 20.6 23.3 24.0 24.0
200 sq miles 7.9 10.2 12.2 147 17.1 19.6 22.0 228 218
300 sq miles 5.8 8.1 10.7 13.1 15.5 17.8 19.9 207 20.7
1000 sg miles 4.6 6.7 9.6 11.9 142 16.5 18.3 19.2 19.2
2000 sq miles 8 5.8 8.5 10.6 12.9 15.0 16.6 17.6 17.6
5000 sq miles 32 4.8 7.3 8.9 11.2 11.0 14.3 154 154
10000 sq miles 2.8 4.2 6.2 7.7 0.7 11.1 12.5 135 13.5
20000 sq miles 2.2 3.5 5.2 6.5 8.1 9.3 10.7 11.4 11.5
Storm or Storm Center Name 5W 2-20-Warner, OK
Storm Date(s) 3/6-10/1943
Storm Type General Storm
Storm Location 549N 9531W
Storm Center Elevation 600
Precipitation Total & Duration (10 sq mi) 24.00 inches in 12 hours
Storm Representative Td 120F 4
Storm Representative Td Location 332N 05.00 W May June
In-place Maximum Td TI0F 739 79.3
Moisture Inflow Vector S @ 160
In-place Maximization Factor 1.28
Temporal Transposition (Date) 24 May
Transposition Dewpoint Location 404N LMW May June
Transposition Maximum Td 140F 1235 1135
Transposition Adjustment Factor 0.84
Grid Point Elevation 330
Highest Elevation in Basin 14,344
Inflow Barrier Height 1,000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.07




DEPARTMENT OF THE ARMY CORPS OF ENSINEERS

STORM STUDIES - PERTINENT DATA SHEET

Storm of &6<12 May 1

s, SR . Assignment W za-go 2
Location ¥.Texas to Great Lakea
Study Prepared by:
dputlmestern Division

— Tulsa District Office

Part I Reviewed by H.M. Sec. of
YWeather Bureau, L-11-5
Part II Approved by Office, Chief

a% of Engineers for Distribution
pe-=1 AFSB COVET . :
] Sieal loshyatal Jevp. Rfﬂ"k:;::;a Center at Warner,
S Area inctosed by o i
3 -inch isshyet. LOCATION _MAP Dewpt. 70° - Ref. Pt. 225 SSE
Grid G185
DATA AN COMPUTATIONS COMPIL
PART I
Preliminary isohyetal map, in 1  sheet , scale 1:1,000,000
Precipitation data and mass curves: (Number of Sheets)
Form 5001-C (Hourly precip. dau) ...................... 553
Form 5001-B (24-hour * B e e -
Form 5001-D (" ¥ b W s e e 178
Miscl. precip. records, meteorological w- R S S 8o
Form 5002 (Mass rainfall curves). . _ . oo e 281
PART IL

Final Ischyetal maps,in 1  sheet , scale 1:1,000,000
Data and computation sheets:

Form 5=i0 (Datas from mass rainfall curves)_________._____ L2
Form S-11 (Depth-area deta from isohyetal map) .- —_- 12
Form S-12 (Maximum depth-duration date) . _____ 12
Maximum duration-depth-area curves_ __ .. e ea 1
Data relating to perlods of maximum rainfall _____________ 2
MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES
Area in Sq. Mi. Duration of Rainfall in Hours %EEL’
6 |12 18 2l 30 | 36 60 | 72 26
. Station 10.0| 12.5| 15.0| 17.6] 2o.0]| 21.8| 24.6| 25.0] 25.0] 25.0] 25.0
10 9.9]12.3| 4.6 17.2| 19.5| 21.5| 24.4| 2L.9] 24.9| 24.9| 2L4.9
100 8.7|10.8] 22,4 1h.9| 17.1| 19.3| 21.B| 22.5]| 22.5| 22.5| 22.5
200 T.4| 9.5]11.4) 13.8| 16.0| 18.3| 20.61 21.3]| 21.3| 21.3] 21.3
500 gL 7.6]10.0] 12.3) 14.5| 16.7| 18.6 | 19.4| 19.4]| 19.4| 19.4
1,000 L.3| 6.3| 9.0| 11.1| 13.3] 15.4)| 17.1| 18.0| 18.0| 18.0] 18.0
2,000 36| 54| B.0| 9.9| 12.1| 14.0| 25.5| 16.5| 16.5| 16.5| 16.5
5,000 3.0| L.5| 5.8 B8.,3]| 10.5] 12.1| 13.4 | 14| 1h.h] Ah.h| 1hG
10,000 2.6| 31.9| 5.8| 7.2| 9.1| 10.4] 11.7| 12.6| 12.6| 12.8| 12.8
20,000 2.1 3.3| hL.9| 6.1| 7.6 8.7| 10.0( 20.7| 10.8| 11.1| 21,1
Sa.m 1 -ﬁ 2.5 3 v? h 16 5 l-? 6-5 ?-T Bml Baﬁ E'q'B B:P
100, 000 1.1 1.9| 2.7| 3.4| L.2| L.9| 5.8B| 6.2| 6. 7.0| 7.3
212,000 | o6.6] 1.1] 1.7] 2.2] 2.6] 3.0 .r] 4.2 5.0/ 5.5

Form 5-2
Appendix F: Table F.95: Depth-area-duration chart for Warner, OK May 6, 1943
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DEPARTMENT OF THE ARNY ComPs OF !uimn

STORM STUDIES - ISOHYETAL MAP
Storm of 6=12 May 1943 Assignment __ ¥ 2-20
Study Prepared by' _ Tulsa, Okla. Distriot
Southwestern Division

Storm Period_l44 hours

from 1 AM “IE g Il‘.I.T.L!
to 1AM Moy 12 W, 000,000
Eahresnic. Prop oman

o5 MASS RArIHFATLL Gl[.lms
Warner Okle p5.0"—"

FTEd

"
L=

| I
Bethesda, Ark.!(. 6%

~Bentonvitle Ark. 11.5"

Eftingham, Alrpor! Ilf 6. 2!.__\

Goshendirport,Ind. 5.5 N
|

TTTTITITTfTRanpoeady

"

g " 3 — - —
5 7 ; 8
YoRE 55T

ACCUNULATED PRECIPITATION IW INCGHES
o

Appendix F: Figure F.123 and Figure F.124: Total storm isohyetal and mass curve chart for
Warner, OK May 6, 1943
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Rancho Grande, NM, AWA 47

August 29, 1942
Storm Type: Tropical
Grid Points Used: 6,13
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|Smrm Name: Rancho Grande, NM USACE 2-20
[Storm Date: 8129.9/1/1942 Storm Adjustment for ANO Grid Point 6
|AWA Analysis Date: :12/21/2013
Temporal Transposition Date 15-Aug
Lat Long Moisture Inflow Direction: SE @ 140 miles
Storm center location 495N 10510W (Grid Point Elevation 4,400 feet
Storm Rep dew point location 3350N  103.35W Storm Center Elevation 5,600 feet
Transposition dewpoint location 33.05N  102.75W Storm Rep Analysis Duration 24 hours
Grid Point location 34.50N  104.00 W
The storm representative dew pointis  74.0F with total precipitable water above sea level of 2.73  inches.
The in-place maximum dew pointis  785F with total precipitable water above sea level of 337  inches.
The transpositioned maximum dew pointis  79.0F with total precipitable water above sea level of 344 inches.
The in-place storm elevationis 5,600 which subtracts 1.16 inches of precipitable water at T40F
The in-place storm elevationis 5,600 which subtracts 133 iiches of precipitable water at 785F
The transposition basin elevationat 4,400 which subtracts 112 inches of precipitable water at T9.0F
The Grid Point/ Inflow barrier heightis 4,400 which subtracts 1.12 inches of precipitable water at 79.0F
The in-place storm maximization factor is 1.30 Notes: DAD values taken from SW 2-29. Storm representative dew
The transposition/elevation to basin factor is 1.14 point value was based on maximum 24-hr Td values between August
The barrier adjustment factor is 1L.00 23-28. 1842 at KROW and KREE.
The total adjustment factor is 1.48
|Observed Storm Depth-Area Duration
6 Hours 12 Hours 18 Hours : MHours : 30 Hows | 36 Howrs | 48 Howrs 60 Hours 72 Hours
1 sgmiles - - - - - - - - -
10 sg miles 32 5.9 7.0 7.9 8.0 8.0 8.0 8.0 8.0
100 sq miles 2.7 5.2 6.7 7.6 7.9 8.0 8.0 8.0 8.0
200 sgq miles 2.6 5.1 6.7 7.6 7.8 8.0 8.0 8.0 8.0
300 sg miles 24 4.7 6.5 74 7.6 7.7 7.8 7.8 7.8
1000 sq miles 23 4.2 6.1 6.8 7.1 7.2 7.2 7.2 7.2
2000 sq miles 21 4.0 4.9 5.8 6.3 6.4 6.4 6.4 6.5
3000 sq miles 19 3.6 4.5 5.5 58 6.0 6.0 6.0 6.1
10000 sq miles 1.7 32 4.0 4.9 5.3 5.5 5.5 5.5 5.7
20000 sq miles 1.4 2.6 33 4.0 4.4 4.5 4.5 4.5 4.7
Adjusted Storm Depth-Area-Duration
6 Hours 12 Hours 18Hours | 24 Hours | 30Hours | 36 Hows | 48Hours | 60Houwrs : 72 Hours
1 =g miles - - - - - - - - -
10 sq miles 4.7 8.7 10.3 11.7 11.8 11.8 11.8 11.8 11.8
100 sq miles 4.0 7.7 0.0 11.2 11.7 11.8 11.8 11.8 11.8
200 sq miles 3.8 7.5 9.9 11.2 11.5 11.8 11.8 11.8 11.8
300 sg miles 35 6.9 9.6 10.9 11.2 11.4 11.5 11.5 11.5
1000 sq miles 34 6.2 9.0 10.0 10.5 10.6 10.6 10.6 10.6
2000 sg miles 3l 5.9 7.2 8.6 9.3 9.5 9.5 9.5 9.6
3000 sq miles 28 5.3 6.6 8.1 8.6 8.9 8.9 8.9 9.0
10000 sqg miles 15 4.7 5.0 7.2 7.8 8.1 8.1 8.1 8.4
20000 sq miles 2.1 3.8 4.9 5.0 6.5 6.6 6.6 6.6 6.9

Storm or Storm Center Name

Rancho Grande, NM USACE 2-29

Storm Date(s) 8/20-9/1/1942

Storm Type Bemnant Tropical
Storm Location MO5N 105.10W
Storm Center Elevation 3,600

|Precipitation Total & Duration

8.00 Inches 30-hours

Storm Representative Dewpoint T40F 24
Storm Representative Dewpoint Location 33.50N 10335 W
Maximum Dewpoint 185F
Moisture Inflow Vector SE @ 140
Jin-place Maximization Factor 1.30
Temporal Transposition (Date) 15-Aug
Transposition Dewpoint Location 305N 10275 W
Transposition Maximum Dewpoint 90F
Transposition Adjustment Factor 114
(Grid Point Elevation 4400
|Hizhest Elevation in Basin 14344
Jnflow Barrier Heighe P
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.43

Appendix F: Table F.96:
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CEPARTHENT OF THE ABwY CORPS OF [WGINEERS

STORM STUDIES - PERTINENT DATA SHEET
-Ill'.lﬁ-l.f ar #‘.

3torm of 29 Aug - 1 Sept 1942
Assignment S 2-29
Location New Max.; Colo,
Study Prepared by:
Scuthertern Divislon
Albugquergus District

Part I Reviewed by H. M. Sec. of
Weather Bureau, 9/9/49
Fart I Approved by Office, Chlef
of Enginsers for Distribution
of Factusl Data, 7/22/58
Remarks: Conter at Maxwell &
Bancho Grande,New Meoxlco
Dew pt. 74° Eat. pt. 250 SSE
Orid O=19

DATA AND COMPUTATIONS COMPILED

PART I
Preliminary |schyetal map,in 1  sheet , scale 1:1,300,000
Pracipitation data and mass curves: (Number of Sheets)
Form 5001-C (Hourly precip. date). . v oo ccnracmccccmean ué
. Form 5001-B (24-hour * L S S =
Ferm 5000-D (=~ * ™ I e e R e e Hy e L5
Miscl, precip. racords, mateorological date, ete, o oo oo 19
Form 5002 (Mass ralnfall curves). _ _ _________ ________._.. L1
PART II

Final fsohyetsl maps,In 1  sheet , scale 111,000,000

Data and computation sheets:
Form 5-10 (Data from mass rainfell curves)______________
Form 5-11 (Depth-area data frem ischyetal map)__ oo
Farm S-12 (Maximum depth-duration date)_ - - oo
Maximum duration-depth-ares curves _ __ oo maaaa
Dats relating to periods of maximum rainfall ____________

MAXIMUM AVERAGE DEPTH OF RAINFALL IN_INCHES

YRR

Area in 3q. Mi, Duration of Rainfell In Hours
6112 8 126 [ | 36 148 1650 72 | D&
10 |3.2 [5.9 |70 (7.9 |68.0 8.0 |8.0 |B.0 | 8.0 | 8.0
100 | 2.7 [5.2 [6.7 (7.6 | 7.9 [8.0 |8.0 |80 | B.0 | 8.0
200 |26 5.1 (6,7 (7.6 |7e8 |8.0 |80 | 8.0 | B0 | 8.0
500 2.8 (b7 |65 |74 [TuS |Te7 | 7B |T7.B | 7.8 | 7.8
1000 12,3 (8,2 |61 (6.8 | 7ol [Te2 |T7e2 [Ta2 | Te2 | Tad
2000 2.1 (4.0 |89 (5.8 [ 6.3 |6 | B4 |64 | 6.5 | 66
5000 (1.9 |36 |b&.5 |5.5 (5.8 |6.0 |60 |60 |61 |61
10000 (1.7 (342 (80 [ 4a® (52 |5e5 |55 | 5a5 | 5«7 | 549
20,000 [l.B (2.6 (3.3 |G4a0 |G [8,5 |55 | Lu5 | 4.7 | 4.8
~ ﬂ.m 1,0 11’ 2,5 j.ﬂ 31'* 31'5 3...5 3-'5' 3-!' 319
Form 5-2

Appendix F: Table F.97: Depth-area-duration values for Rancho Grande, NM August, 29, 1942
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ATM OF THE ARMY cone

STORM STUDIES — ISOHYETAL MAP
Storm of = Assignment Sw2-29 -
Study Prepored by' Southwsstern Division
Albuousraue, i Mex., Disfrigt
|
- Roncho Gronde
Storm Period__g4  hours
from IZ2H Ava. 29 SCALE
to__ 12M Segt |
Palpamsic Prajsaras
MASS H.ﬁfiHFA-L CURVES
g F L &
§ sl 7 Roncha Grondg, N. M, 8.0"
s E f}(- == Trujillo, N.M., 7.5"
E u: / "f I ll
E c / Mowwedl, .M., 8.0
i - / /
E !: j ,'r"lr
| E T 1V
g O g df [Taag b | thg O | Wi W [ ek WF & WP i
FORME B-3W

Appendix F: Figure F.125 and Figure F.126: Total storm isohyetal analysis Mass curve chart for Rancho
Grande, NM August, 29, 1942
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Hayward, WI, AWA 48

August 28, 1941
Storm Type: MCC
Grid Points Used: 8-11, 16-18
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Storm Name: UMV 1-22-Hayward, W1

Storm Date: 8/28-30/1941

AWA Analysis Date: :12/15/2013

Storm Adjustment for For ANO Grid Point 8

Temporal Transposition Date 15-Aug
Lat Long Moisture Inflow Direction SSE @ 225 miles
Storm Center Location 46.01 N 9148 W (Grid Point Elevation 1,200 feet
Storm Rep Dew Point Location 4290N  BOTEW Storm Center Flevation 1.200 feet
Transposition Dew Point Location 39.71N  90.96 W Storm Rep Analysis Duration 24 hours
(Grid Point Location 37.50N  93.00W
The storm representative dew pointis  T3.0F with total precipitable water above sealevel of 2.60  inches.
The in-place maximum dew pointis  79.0F with total precipitable water above sealevel of 3.44  inches.
The transpositioned maxmum dew pointis  80.5F with total precipitable water above sealevel of 3.68  inches.
The in-place storm elevationis 1,200 which subtracts 0.28 inches of precipitable water at 73.0F
The in-place storm elevationis 1,200 which subtracts 0.34 inches of precipitable water at T9.0F
The transposition basin elevationat 1,200 which subtracts 0.30 inches of precipitable water at 805F
The Grid point/inflow barrier heizhtis 1,000 which subtracts 0.30 inches of precipitable water at 80.5F
The in-place stonn maximization factor is 1.30 Notes: DAD values taken from USACE UMV 1-22. Storm
The transposition/elevation to basin factor is 1.09 representative dew point value was based on adding 2°F to
The barrier adjustment factor is 1.00 the USACE analyzed storm rep Td following EPRL,
Nebraska, and TRWD studies.
The total adjustment factor is 1.42
|Observed Storm Depth-Area Duration
6 Hours 12 Hours 18 Hours : 24 Hours | 30 Houwrs : 36 Hours | 48 Hours : 60 Hours ;| 72 Howrs
10 sq miles 8.5 11.5 12.4 12.4 133 138 14.4 15.0 15.0
100 sq miles 8.1 11.0 11.8 11.8 12.7 133 13.8 14.3 14.5
200 sq miles 7.8 10.6 11.3 11.3 12.3 13.0 13.4 13.9 141
300 sg miles 6.8 9.5 10.2 10.3 11.2 12.0 12.5 12.9 13.1
1000 sq miles 5.6 8.2 9.0 9.1 10.0 10.9 11.5 11.9 12.0
2000 sq miles 4.3 6.9 7.7 7.9 8.8 9.7 10.4 10.8 10.9
3000 sq miles 3.0 52 5.9 6.3 7.2 8.1 8.9 9.3 9.5
10000 sq miles 11 38 4.6 5.1 5.0 6.0 7.8 8.2 8.4
20000 sq miles 1.5 2.7 34 3.8 4.7 5.5 6.5 7.1 7.3
Adjusted Storm Depth-Area-Duration
6 Hours 12 Hours 18 Hours : 24 Hours : 30 Hours | 36 Hours ; 48 Hours : 60 Hours : 72 Hours
10 sq miles 12.0 16.3 17.6 17.6 18.9 19.6 20.4 213 21.3
100 sq miles 11.5 15.6 16.7 16.7 18.0 18.9 19.6 20.3 20.6
200 sq miles 111 15.0 16.0 16.0 174 18.4 19.0 19.7 20.0
300 sg miles 9.6 135 145 146 159 17.0 17.7 18.3 18.6
1000 sq miles 7.9 11.6 12.8 12.9 142 154 16.3 16.9 17.0
2000 sq miles 6.1 0.8 10.9 11.2 12.5 13.7 14.7 153 15.4
3000 sq miles 4.3 74 8.4 8.0 10.2 11.5 1.6 13.2 135
10000 sq miles 3.0 5.4 6.5 7.2 8.4 8.5 11.1 11.6 11.9
20000 sq miles 1.1 3.8 4.8 5.4 6.7 7.8 0.2 10.1 10.3

Storm or Storm Center Name

UMYV 1-22-Hayward, WI

Storm Date(s) 8/28-30/1941

Storm Type Synoptic

Storm Location 4601 N 0148 W
Storm Center Elevation 1200

|Precipitation Total & Duration

13.00 Inches 72-hours USACE UMV 1-22

Storm Representative Dew Point J3.0F 24
Storm Representative Dew Point Location 4200N 3878 W
Mazximum Dew Point T9.0F Aug
Moisture Inflow Vector SSE @ 223 78.3
JIn-place Maximization Factor 1.30
Temporal Transposition (Date) 15-Aug
Transposition Dew Point Location BTN 020.96 W
Transposition Maximum Dew Point 80.3F
Transposition Adjustment Factor 1.09
(Grid Point Elevation 1200
|Highest Elevation in Basin 14 344
[inflow Barrier Height 1,000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.42

Appendix F: Table F.98: Storm spreadsheet for Hayward, WI August 28, 1941
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WAR REPARTMENT CORPS OF ENGINEERS, U.5. ARMY

STORM STUDIES - PERTINENT DATA SHEET
» Storm of August 28 = 31, 1941
P, SN, bt Assignment UMV 1= 22
- Location Northern Wisoonsin and
Study Prepared by: Minn,
1A Upper Missiseippl Valley
Divieion
8ty Paul Dlstriot Office
Part I Reviewed by H. M. Sec. of
Weather Bureau, 3/2 42
Part IT Approved by Office, Chief
of Engineers for Distribution

RESEND- . ' of Factual Data, L/1145
A -t e Remarks: Centor at:
L...i final |sohyetal map.

Area In:‘l':nd by Haywood and Moose Lale, Wiso,

Szuincn tsohret.” | 6CATION MAP

DATA _AND COMPUTATIONS COMPILED

PART I
Preliminary |sohyetal map, In L  sheet , scale 1 ; 1,000,000
Precipitation data mnd mass curves: ' (Number of Sheets)
Form 5001-C (Hourly preclp. data). _ - - oo e 33
Form 5001-B (P4-hour * B e -
Form 500(-D (* = « Y A kT —=uy 1
Miscl. precip. records, meteorological date, stc.. oo oo oo 3
Form 5002 (Mass rainfall curves)_ ____ __ __ ____________.. Le
PART IT

Final isohyetal maps, In 1 sheet , scale 1,000,000
Data and computation sheets:

Form 5-10 (Data from mass rainfall curves). . ____________ é
Form S5-I (Depth-area data from isohyetal map)_______ ____ 2
Form S-12 (Maximum depth-duration data)________________ 8
Maximum duration-depth-nrea curves_ __________________ 1
Data relating to perlods of maximum rainfall .. _______._._. 2
MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES

Area in Sq. Mi. Duration of Rainfall. in. Hours

6§ 12 |18 30 | 36 | LB | 60

78
1o | 8,5 |15 |12 |12.4 | 13.3 | 13.8 | 1l | 15.0 E:o .0
100 | 8.1 |11,0 |11.8 [11.8 | 12,7 | 13.3 [13.6 3 5
200 | 7.8 (1046 |11.3 |11.3 |12.3 |13.0 u,# 13,9 uti. U1
500 | 6.8 | 9,5 |10.2 (10,3 |11.2 |12.0 [1E. 13,
1,000 | 5.6 8.2 | 9.0 | 9.1 [10.0 |10.9 |11.5 11.9 | 12.0
2000 | b3 | 69| 7.7 | 7.9 | 8.8 | 9.7 |10 |10.8 | 109
5.(00 5.0 5.2 6.5 7.2 301 309 9-3 gﬂi giz
10,000 | 2.1 | 3.8 | L6 | 5.1 9| 68 78] B.2| B,
80,000 | L5 | 2.7 | 3.4 | 3.8 T ] 55| 65| Ted | To3 | T3
' 50,000 | 0.9 | L6 | 2,1 | 2.5 | 3,1 | 3.6 | L5 1| 5.2 E.E
. €0,000 | 0.8 | ek | 1.9 | 2,0 | 2.8 | 3.3 | L1 Lus | Ln7 T

Form 5-2 e

Appendix F: Table F.99: Depth-area-duration values for Hayward, WI August 28, 1941
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WAR DEPARTMENT QORPS OF ENGINEERS, U. 5. ARMY
STORM STUDIES - ISOHYETAL MAP

Storm of Aupust 28-3/, 1947 Assignment UMV [-22
Study Prepared by: _S; Paul, Minn Oistricl” 2

Upper Mississippl Valley Division

trom_6 AM Aug. 28
fo sz AQQ_ .3!

1 MASS RAINFALL GURVES

19,000,000
Palyeenic Projeetion

- Minong, W, 9.42"
" I~ ;_T.T.‘.'..é""',ﬂ"&"f:!éz Wis, 8947
5 = - 1=-Deerbrook, Wiy, 866"
o — ' i
€ 3 e | !
o | = A Dunbar, Wis, B 33" )
3 = i f 8 | i
= & T — | |
E = f ____...’{ Gull Lake Dam, Minp, 484"
£ IE 1= il
w ¢ : : i i
§ - f { (Recorders at alf stetions)

= J:’* :
g e - : -~
< - ;3
< E
2 - _75
3 — [t 7|
3 — - Il L

o [P A g el I 1 L . #——

§ [T} 28 ﬁ GA 20 &P 6A 30 &P Gk 3l ﬁl' A [

FORM 5-3E "

Appendix F: Figure F.127 and Figure F.128: Total storm isohyetal analysis and mass curve chart for
Hayward, WI August 28, 1941
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McColleum Ranch, NM, AWA 49

September 20, 1941
Storm Type: Frontal
Grid Points Used: 6,13
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|St|rrm Name: McColleum Ranch, NM USACE GM
|Storm Date: 9/20-23/1941 Storm Adjustment for ANO Grid Point 6
|AWA Analvsis Date: :12/15/2013
Temporal Transposition Date 5-Sep
Lat Long Moisture Inflow Direction: ESE @ 415 miles
Storm center location 321TN 104TAW (Grid Point Elevation 4,400 feet
Storm Rep dew point location 2953 N 98.41'W Storm Center Elevation 5,783 feet
Transposition dewpoint location 3180N 98.03 W Storm Rep Analysis Duration 24 hours
Grid Point location 34.50N 10400 W
The storm representative dew pointis  77.0F with total precipitable water above sealevel of 314  inches.
The in-place mamimum dew pointis  T9.0F with total precipitable water above sealevel of 344 inches.
The transpositioned maximum dew pointis  78.0F with total precipitable water above sealevel of 329  inches.
The in-place storm elevationis 5,783 which subtracts 132 inches of precipitable water at 770F
The in-place storm elevationis 5,783 which subtracts 1.40 inches of precipitable water at T9.0F
The transposition basin elevation at 4,400 which subtracts 109 inches of precipitable water at 78.0F
The Grid Point/Inflow barrier heightis 4,400 which subtracts 1.09 inches of precipitable water at 78.0F
The in-place storm maximization factor is 1.12 Notes: DAD values taken from GM 3-19. Storm representative
The transposition/elevation to basin factor is 1.08 dew point value was based on maximum 24-hr Td values between
The barrier adjustment factor is 1.00 Sept 17-19, 1941 at KRND and KSKF. Values were selected in
region where temperature did not vary more than a 1-degres overa
The total adjustment factor is 1.21 large area.
|Observed Storm Depth-Area-Durati
6 Hours 12 Hours 18Hours : MHours | 30Hows | 36 Hours | 48 Howrs | 60 Hours | 72 Howrs
1 =q miles - - - - - - - - -
10 sg miles 10.1 11.2 11.5 11.1 16.3 16.9 18.7 21.0 112
100 sq miles 5.0 83 87 2.0 10.1 11.7 13.0 14.7 15.0
200 sq miles 5.2 7.3 7.8 8.1 8.4 9.7 10.8 124 12.7
300 sq miles 4.4 6.2 6.8 6.9 7.2 7.9 9.1 10.2 10.5
1000 sq miles 3.8 5.5 6.1 6.3 6.4 7.1 8.3 9.4 9.6
2000 sq miles 33 4.3 5.5 5.6 5.8 6.4 7.5 8.6 8.8
3000 sq miles 2.6 3.9 4.6 4.8 5.1 5.6 6.6 7.5 7.8
10000 sq miles 2.0 32 4.0 4.2 4.5 4.9 5.9 6.7 7.0
20000 sg miles 1.5 2.6 3.3 3.7 4.0 4.4 5.2 5.9 6.2
Adjusted Storm Depth-Area-Duration
6 Hours 12 Hours I18Hours | M Hours ; 30Hours | 36 Hours : 48 Howrs | 60 Hours | 72 Hours
1 5q miles - - - - - - - - -
10 sg miles 12.2 13.5 13.9 14.6 19.7 20.4 22.6 254 25.6
100 sq miles 7.1 10.0 10.5 10.9 122 14.1 15.7 17.8 18.1
200 sq miles 6.3 8.3 9.4 9.8 10.2 11.7 13.1 15.0 15.4
300 sq miles 5.3 7.5 8.2 8.3 8.7 9.5 11.0 12.3 12.7
1000 sg miles 4.6 6.6 7.4 7.6 7.7 8.6 10.0 11.4 11.6
2000 sq miles 4.0 58 6.6 6.8 7.0 7.7 9.1 10.4 10.6
5000 sq miles 3l 4.7 5.6 58 6.2 6.8 8.0 2.1 9.4
10000 sq miles 24 3.0 4.8 5.1 5.4 5.0 7.1 8.1 8.5
20000 sq miles 1.8 31 4.0 4.5 4.8 5.3 6.3 7.1 7.5
Storm or Storm Center Name McColleum Ranch, NM USACE GM 5-19
Storm Date(s) 9/20-23/1941
Storm Type Synoptic
Storm Location 321TN 10473 W
Storm Center Elevation 3,783
|Precipitation Total & Duration 212 Inches 78-hours
Storm Representative Dewpoint J10F 24
Storm Bepresentative Dewpoint Location 20353N 0s41wW Aug Sept
Maximum Dewpoitit T9.0F 79.84 11.73
Moisture Inflow Vector ESE @ 413
|In-place Maximization Factor 1.12
Temporal Transposition (Date) J-Sep
Transposition Dewpoint Location 180N 98.03 W Aug Sept
Transposition Maximum Dewpoint T80F 79.84 17173
Transposition Adjustment Factor 1.08
(Grid Point Elevation 4400
|Eighest Elevation in Basin 14344
|infiow Barrier Height R
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.21

Appendix F: Table F.100: Storm spreadsheet for McColleum Ranch, NM September 20, 1941
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WAR_DEPARTMENT CORPS _OF ENGINEERS, U. S. ARMY

STORM STUDIES - PERTINENT DATA SHEET

Storm of Septeaber 20-23, 1941
L w P ““f ek HL“‘ Assignment F:_" 5.19
Location Hew Mexico
Study Prepared by:
soutbwestern Division,
Galveston [Matrict Office.

Part I Reviewed by H. M. Sec. of
Weather Bureau, 7/9/43

Part IL Approved by Office, Chief
of Engineers for Distribution
of Factual Data, 3/27/i4

.| Remarks: Center at

Dave MoColleum Ranch, N. Mex.

LEGEND
- Area covered by
koot Tinal isohyetal map.

S Ares incloned by

4-inch [sohyet. ATION
T N | COMPI
PART 1
Preliminary isohyetal map, in 1 sheet , acale 1:1,000,000
Precipitation data and mass curves: (Mumber of Sheets)
Form 5001-C (Hourly precip. date)_ . ____________________ 64
Ferm 5001-B (P4-hour = Lol R e P R S e e S -
Form 5001-D (" * ¥ N 26
Miscl. precip. records, meteorological data, etc._ _ _ ___ ________ 13
Form 5002 (Mass rainfall curves). . _ . __ . ________ 76
PART IL

Final isohyetal maps, in 1 sheet , scale 1:1,000,000

Data and computation sheets:
Form 5-10 (Data from mass rainfall curves)..____________ 4
Form S5-Il (Depth-area data from isohyetal map)___________ 2
Form S-12 (Maximum depth-durstion data)__ . ___ 8
Maximum duration-depth-area curves_ ____ _ oo cmnnaa 1
Data relating to perlods of maximum rainfalb.____________ 2

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES

Area in 5q. Mi. Duratien of Rainfall in Hours

& 1z 13 24 30 36 48 &0 i)

10 | 10.1 | 11.2 | 11.5 12.1| 16.3| 16.9| 18.7| 21.0| 21.2
100 £.9| B.3| B.7| 9.0| 10.1| 11.7| 13.0| Li.7]| 15.0
200 5.2 | 73| 78| 8.1| B.4| 9.7| 10.8B| l2.4| 12.7
500 | 4.4 | 6.2| 6.8 6.9 7.2| 7.9 9.1| 10.2| 10.5
1,000 3.8 5.5| 61| 6.3 6.4 | T.1| B3| 9.4| 9.6
2,000 3.3| 4.B| 5.5| 5.6| 5.B| H.4| 7.5| 8.6 B.B
5,000 2:6| 3.9| 4.6 4L:B| 5.1| 5.6| B.6| T.5| 7.8
10,000 2.0 3.2| 4.0| 4.2| 4.5] 4.9 5.9| 6.7 7.0
20,000 | 1.5| 2.6 3.3| 3.7| 4.0| 4.4| 5.2 5.9| 6.2
38,000 1.1| 2.0 2.7| 3.2| 3.6| 3.9| 4.6| 5.4 5.%

‘En rm ﬁ

Appendix F: Table F.101: Depth-area-duration values for McColleum Ranch, NM September 20, 1941
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WAR DEPARTMENT GORPS OF ENGINEERS, U. S ARMY
STORM STUDIES - ISOHYETAL MAP
Storm of Septrember 20-23 /94/  Assignment GAF 5-/9

Study Prepared by:_ Galvesfon Jex, Disfrict
Sourfiwesrern Vvision

R

P

- e
- j
W]L

b

=4
*,

| f

Storm Parlod__78  hours
from_/ AM Sapr 20

to 7AM Sept 23

Folysasie Pesjaeren

- MASS Rﬁimr-'gl;l. CURVES &
g - fpfticel)l | _ )eve wdcariavm mench, vm,Lzs'
; 20 - 4
g s -
E F
8 o
a E -
E s
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Appendix F: Figure F.129 and Figure F.130: Total storm isohyetal analysis Mass curve chart for McColleum
Ranch, NM September 20, 1941
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Prairieview, NM, AWA 50

May 20, 1941
Storm Type: Frontal
Grid Points Used: 5-6, 12
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|St|rrm Name: Prairieveiew, NM USACE GM 5-18

|Storm Date: 5/20-25/1941 Storm Adjustment for ANO Grid Point 6
|AWA Analvsis Date: |12/15/2013
Temporal Transposition Date 5-Jun
Lat Long Moisture Inflow Direction: SE @ 375 miles
Storm center location 331IN 103.20W (Grid Point Elevation 4,400 feet
Storm Rep dew point location 29.50N 98.43W Storm Center Elevation 3,855 feet
Transposition dewpoint location 308N 99.65'W Storm Rep Analysis Duration 24 hours
Grid Point location 34.50N 10400 W
The storm representative dew pointis  73.0F with total precipitable water above sealevel of 2.60  inches.
The in-place manimum dew pointis  T8.0F with total precipitable water above sealevel of 329  inches.
The transpositioned maximum dew pointis  77.5F with total precipitable water above sealevel of 322  inches.
The in-place storm elevationis 3,855 which subtracts 0.82 inches of precipitable water at 73.0F
The in-place storm elevationis 3,855 which subtracts 0.97 inches of precipitable water at 780F
The transposition basin elevation at 4,400 which subtracts 107 inches of precipitable water at 775F
The Grid Point/Inflow barrier heightis 4,400 which subtracts 1.05 inches of precipitable water at 77.5F

The in-place storm maximization factor is 1.20 Notes: DAD values taken from GM 3-18. Storm representative
The transposition/elevation to basin factor is 0.02 dew point value was based on maximum 24-hr Td values between
The barrier adjustment factor is 1.01 May 19-22, 1941 at KRND and KSKF. Values were selected in
region where temperature did not vary more than a 1-degres overa
The total adjustment factor is 1.22 large area.
|Observed Storm Depth-Area Durati
6 Hours 12 Hours 18Hours | M Hours ;| 30Hows | 36 Hours ;| 48 Howrs | 60 Hours : 72 Howrs
1 =g miles - - - - - - - - -
10 sg miles 3.8 48 6.0 6.5 6.9 7.0 7.4 74 8.4
100 sq miles 3.0 4.0 5.2 6.3 6.7 6.8 6.9 7.0 8.1
200 sq miles 2.7 a7 4.7 6.0 6.4 6.6 6.7 6.9 8.0
300 sq miles 23 33 4.1 5.4 5.8 6.1 6.4 6.7 7.7
1000 sq miles 21 3.0 3.7 4.9 5.3 5.7 6.1 6.4 7.5
2000 sq miles 1.8 2.7 32 4.3 4.7 5.2 5.7 6.1 7.2
3000 sq miles 1.4 22 2.7 3.5 3.9 4.4 5.0 5.6 6.6
10000 sq miles 12 1.9 22 2.9 32 37 4.4 5.0 5.9
20000 sg miles 0.9 1.5 1.8 2.3 2.6 3.0 3.7 4.3 5.1
Adjusted Storm Depth-Area-Duration
6 Hours 12 Hours 18Hours : M Hours : 30 Hours | 36 Hours : 48 Howrs | 60 Hours : 72 Hours
1 5q miles - - - - - - - - -
10 sq miles 4.6 5.8 7.3 7.9 8.4 8.5 9.0 9.0 10.2
100 sq miles a7 4.9 6.3 7.7 8.2 8.3 8.4 8.5 9.9
200 sq miles 3.3 4.5 5.7 7.3 7.8 8.0 8.2 8.4 9.7
300 sq miles 2.8 4.0 5.0 6.6 7.1 74 7.8 8.2 9.4
1000 sg miles 2.6 3.7 4.5 6.0 6.5 6.9 T4 7.8 9.1
2000 sq miles 22 33 3.9 5.2 5.7 6.3 6.9 74 8.8
5000 sq miles 1.7 2.7 33 4.3 4.8 5.4 6.1 6.8 8.0
10000 sq miles 1.5 23 2.7 35 3.0 4.5 5.4 6.1 7.2
20000 sq miles 1.1 1.8 22 28 3.2 3.7 4.5 5.2 6.2
Storm or Storm Center Name Prairieveiew, NM USACE GM 5-18
Storm Date(s) 3/20-25/1941
Storm Type Synoptic
Storm Location 33.12N 10320 W
Storm Center Elevation 3.833
|Precipitation Total & Duration 10.0 Inches 108-hours
Storm Representative Dewpoint BOF 24
Storm Bepresentative Dewpoint Location 2050 N 0843 W May June
Maximum Dewpoitit T8.0F 77.05 79.01
Moisture Inflow Vector SE@ 373
|In-place Maximization Factor 1.30
Temporal Transposition (Date) J-Jun
Transposition Dewpoint Location 308TN 9965 W May June
Transposition Maximum Dewpoint TI5F 133 78.3
Transposition Adjustment Factor 0.92
(Grid Point Elevation 4400
|Eighest Elevation in Basin 14344
|infiow Barrier Height R
Elevation Adjustment Factor 1.01
Total Adjustment Factor 122

Appendix F: Table F.102:
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WAR DEPARTMENT

CORPS OF ENGINEERS, U.S. ARMY

STORM STUDIES - PERTINENT DATA SHEET

p---y Args covared by
i...i Tinal isohyetal map.

Ares Ingloded by
@ 3-inch {sohyat.

Lo

ATA A AT

PART

Preliminary Ischyetal map, in 1  sheet , scale 1:l
Precipitation data and mass curves:

S COM

Storm of  Way 20-25, 1941
Assignment oy £ 18

Location Texas and New Mexico
Study Prepared by:
Southwestern Divieion

Galveston District Uffice

Part I Reviewed by H. M. Sec. of
Weather Bureau, 7/18,/43
Part IL Approved by Office, Chief

of Enginesra for Distribution
of Factual Data, 2/18/44
Remarks: Center at

Prairieview, Hew Mexioo

D

, 000,000
(Number of Sheets)

Form 5001-C (Hourly precip. date)______________________ 76
Form 500i-B (24-hour ™ L e E A Ta R T ATk -
Form SOOM-D (= = » i e e 26
Miscl precip. records, meteorological data, ﬂc.(&vﬁﬁl k 10
Form 5002 (Mass rainfall curves) _________ “F* iﬁﬁt 78
PART I
Final isohyetal maps,in 1  sheet , acale 1:1,000,000
Data and computation sheets:
Ferm S5-10 ta from mass rainfall curves)__ __ __________ &
Form S-Il (Dapth-ares data from isohyetal map)___________ <
Farm 5-12 (Mbximum depth-duration data)_ ... ________. 15
Maximum duration-depth-area curves___.__ .. __ . _______ 1
Data relating to perlods of maximum rainfall._ - - —___ 2
MAXI AVERAGE DEPTH OF RAINFALL IN INCHES
Area In 5q. MI. Duratien of Rainfall In Hours

§ 12 | 18 | 24 | 30 | 36 | 48 | 60| 72| 96| 108

1o 8| 4.B| 6.0 6.,5| 6.9| 7.0 7.4| 7.4] 84| 9.3] 1w0.0

100 3.0| 4.0| 5.2 6.3| 6.7| 6.8| 6.9 7.0/ 8.1| 9.0 9.6

200 2.7| 3.7| 4.7 6.0| 6.4| 6.6] 6.7| 6.9 8.0 &.8] 9.5

500 | 2.3| 3.3| 4.1| 54| 58| 6.1| 6.4| 6.7 7.7| B.6| 9.2

1,000 | 2.1| 3.0| 3.7| 4.9| 5.3| 5.7| 6.1| 6.4| 7.5| &.4] 9.0

i,m 1-5 2!‘? 342 -‘i-j d-? 512 5‘!7 ﬁ-ll Tn? 3-1 E-T

5,000 | 1.4 2.2| 2.7| 3.5| 3.9| 4.4| 5.0| 5.8 é&.8] 7.6] a.z

10,000 1.2 1.9 22| 2.9 3.2 3.7 4k 5.0] 5.9 7.0 7.6

20,000 0.9] 1.5 1.8| 2.3| =2.6 3.0 3.7| 4.3] 5.1 6.2 6.7

&4, , 000 0.6 1.1 1.3| 1.5 1.8| 2.1| 2.7| 3.4| 3.9| 4.9 5.2
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WAR DEPARTMENT CORPS OF ENGINEERS, U 5. ARMY
STORM ST‘UD’IES ISOHYETAL MAP
Storm of - 25 94 Assignment G4 5-/8

Study Prll:lurlﬂ b:.r' i
" Southwestern Division

—

Gslvesfon, Tex, District

Storm Period_/08 hours
from__7PM May 20
to, TAM Msy 25

o MASS RAINFALL GURVES -
s F | -
§ of
g o
a8 [
8 oF |
E -
s _F &
oz =
s [
é ¥E ‘:‘zo W

FORM 8-3W

Appendix F: Figure F.131 and Figure F.132: Total storm isohyetal analysis and mass curve chart for
Prairieview, NM May 20, 1941
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Grant Township, NE, AWA 51

June 3, 1940
Storm Type: MCC
Grid Points Used: 2-4, 8-11, 16-18
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[Storm Name: USACE MR 4-5-Grant Township,
[Storm Date: June 3, 1940 Storm Adjustment for ANO Grid Point 2
|[AWA Analvsis Date: :12/15/2013
Temporal Transposition Date 18-Jun
Lat Long Moisture Inflow Direction S@ 120 miles
Storm Center Location 42.24N  96.59W Grid Point Elevation 550 feet
Storm Rep Dew Point Location 40.51N 96.59W Storm Center Elevation 1,400 feet
Transposition Dew Point Location 41.00N 9258 W Storm Rep Analysizs Duration 6 hours
Grid Point Location 34.50N 9550 W
The storm representative dew pointis  74.0F with total precipitable water above sealevel of 273 inches.
The in-place maximum dew pointis  79.0F with total precipitable water above sealevel of 344 inches.
The transpositioned maximum dew pointis  79.0F with total precipitable water above sealevel of 344 inches.
The in-place storm elevationis 1,400 which subtracts 0.34 inches of precipitable water at T40F
The in-place storm elevationis 1,400 which subtracts 0.39 inches of precipitable water at T9.0F
The transposition storm elevation at 550 which subtracts 0.28 inches of precipitable water at T9.0F
The Grid point/inflow barrer heightis 1,000 which subtracts 0.28 inches of precipitable water at 79.0F

The in-place manimization factor is 1.28 MNotes: DAD wvalues taken from USACE Storm Studies
The transposition factor is 1.04 ME 4-3. Storm representative dew point value was based|
The elevation/barrier adjustment factor is 1.00 on adding 7° to the USACE analysis using EPRL
Nebraska, and TRWD guidance.
The total adjustment factor is 1.32
|Observed Storm Depth-Area-Duration
6 Hours : 12 Hours 18 Hours 24 Hours : 30 Hours | 36 Hours | 48 Hours | 60 Hours | 72 Hours
1 5q miles - - - - - - - - -
10 sgmiles:  13.0 13.0 13.0 - - - - - -
100 sgmiles: 10.6 11.7 11.7 - - - - - -
200 sq miles 9.6 11.2 11.2 - - - - - -
300 sq miles 8.3 10.2 10.3 - - - - - -
1000 sqg miles 7.2 8.9 9.0 - - - - - .
2000 sq miles 6.0 7.5 7.6 - - - - - .
3000 sqg miles 4.2 5.5 5.7 - - - - - -
10000 sq miles 3l 4.4 4.6 - - - - - -
20000 sg miles 2.1 3.3 3.5 - - - - - -
Adjusted Storm Depth-Area-Duration
6 Hours | 12 Hours 18 Hours 24 Hours : 30 Howrs : 36 Hours ;| 48 Hours ;| 60 Hours | 72 Hours
1 sg miles - - - - - - - - -
10 sqmiles: 17.2 17.2 17.2 - - - - - .
100 sqmiles: 14.0 15.5 15.5 - - - - - -
200 sqmiles! 12.7 14.8 14.8 - - - - - -
300 sgmilesi 110 13.5 13.6 - - - - - -
1000 sg miles 9.5 11.8 11.9 - - - - - -
2000 sq miles 7.9 2.0 10.0 - - - - - -
3000 sq miles 5.6 7.3 7.5 - - - - - -
10000 sq miles 4.1 5.8 6.1 - - - - - -
20000 sq miles 28 4.4 4.6 - - - - - -

Storm or Storm Center Name

USACE MR 4-5-Grant Township, NE

Storm Date(s) 3-Tun-1940

Storm Type MCC

Storm Location 4224N 96.50 W
Storm Center Elevation 1.400

|Precipitation Total & Duration {10 sq mi)

13.00 Inches 6-hours USACE Storm Studies MR 4-5

Storm Representative Dew Point TOF 6
Storm Representative Dew Point Location 40351N 06.30 W
Maximum Dew Point T9.0F
Moisture Inflow Vector S@120
Jin-place Maximization Factor 1.28
Temporal Transposition (Date) 18-Jun
Transposition Dew Point Location 41.00N 9258 W
Transposition Maximum Dew Point 90F
Transposition Adjustment Factor 1.04
Grid Point Elevation 330
|Eighest Elevation in Basin 14344
|inflow Barrier Height 1000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.32

Appendix F: Table F.104: Storm spreadsheet for Grant Township, NE June 3, 1940
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CEPARTHENT OF THE ABMY COAPY OF EWCINECRS

STORM STUDIES = PERTINENT DATA SHEET
Storm of 3=4 Juna 1940
Assignmant MR L-5
Location Kebr., Ia., Kinn,
5t Prepared by:
mud-;-ri IITm Dzhm
Cmaha Tdatrict Office

Part I Raviewed by H. M. Sec. of
Weather Bureau, 11,/18/50

Part IL Approved by Office, Chief
of Engineers for Distribution
of Factual Data, 12/11/52

Remarks: Center at
Girant Townahip, Hebr,

Devpt. 630F - Raf. Pt. 120 3,

Grid D=15
PUTATIONS COMPI
PART I
Preliminary lsohyetal map,in 1  sheet , scale 1: 1,000,000
Precipitation data and mass curves: (Numbar of Sheets)
Form 5001-C (Hourty precip. date). .. .- ... i B
Form 5001-B (24-hour * s i B e e -
Form 500i~D(* * = ) SRR eRt e A e e B
Miscl pracip. records, metecrological date, etC. . - o oo o 12
Form 5002 (Mass rainfall curves). _ ___ ___ . __ ... 24
PART I

Final isohystal maps, In 1  sheet , scale 1: 1,000,000
Data and computation sheets:

Form S-10 (Data from mass rainfall curves) . _.________.. 3
Form S-11 (Depth-ares date from isohyetal map). - oo —o- 1
Form S-12 (Maximam depth-duration date). - cecccccccecau- T
Maximum duration=-depth-sres curves._ . cv e ceccccceaa 1
Data relating to periods of maximum rainfadl____ _________ 7
MAXIMUM _AVERAGE DEPTH OF RAINFALL IN _INCHES
Ares in Sg. M Duration of Rainfall in Hours

. ) 9 12 115 1.1 20

100 B.3 3.0 1130 }13.0 f13,0 |13.0 [13.0
00| 6.4 [10.6 {11,7 [11.7 |11.7 [11.7 |11.7

200 5.5 | 9.6 J11.1 [11.2 |11.2 [11.2 (11.2

00| 4.5 | 8.3 |10,0 [10.2 |10.3 |10.3 |10.3
1,000 | 3.8 | 7.2 | B.B | 8,9 | 9.0 | 9.0 | 9.0
2,000 3,2 | 6.0 | 7.3 | 7.5|7.6 ] 7.6] 7.6
5,000 2.4 | £e2 | 53 | 55 | 5.T | 5.7 | 5.7
10,000 | 1.8 | 3.1 | a0 | Lol | 4.6 | 48 | 4.6
20,000 1.2 | 2.1 | 2.8 | 3.3 | 3.5 | 3.5 | 3.5

Appendix F: Table F.105: Depth-area-duration values for Grant Township, NE June 3, 1940
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STORM STUDIES - ISOHYETAL MAP
Storm of _5-4 Jupe 1940 = = Assignment MR 45

Study Prepared by: D
_ Missourd 5;; ﬂﬂn:

Storm Period_ 20  hours
from_ 11 AN 3 Juoe
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Appendix F: Figure F.133 and Figure F.134: Total storm isohyetal analysis and mass curve chart for Grant
Township, NE June 3, 1940
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Hallett, OK AWA 52

September 2, 1940
Storm Type: MCC
Grid Points Used: 1-4, 8-11, 16-18
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|S{lrm Name: USACE SW 2-18-Hallett, OK
|Storm Date: 9/2-4/1940 Storm Adjustment for ANO Grid Point 1
|AWA Analysis Date: 12/15/2013
Temporal Transposition Date 17-Aug
Lat Long Moisture Inflow Direction SE @ 300 miles
Storm Center Location 36.23N 96.57TW (Grid Point Elevation 350 feet
Storm Rep Dew Point Location 320N 93.15W Storm Center Elevation 200 feet
Transposition Dew Point Location 3039N 89.86 W Storm Rep Analysis Duration 12 hours
Grid Point Location 3531N 9323W
The storm representative dew point is T7.5F with total precipitable water above sealevel of 322 inches.
The in-place maximum dew point is 80.0F with total precipitable water above sea level of 352 inches.
The transpositioned maximum dew point is 80.0F with total precipitable water above sealevel of 3.52 inches.
The in-place storm elevation is 900 which subtracts 0.25 inches of precipitable water at 775F
The in-place storm elevation is 200 which subtracts 027 inches of precipitable water at 80.0F
The transposition storm elevation at 350 which subtracts 0.29 inches of precipitable water at 80.0F
The Grid point/inflow barrier height is 1,000 which subtracts 0.29 inches of precipitable water at 80.0 F
The in-place maximization factor is 1.09 Motes: Reanalvzed the storm rep Td vsing hourly surface obs in the region. Ussd
The transposition factor is 0.99 [EBAD, Shreveprot, LA to derive the 6 hour average storm rep Td.
The elevation barrier adjustment factor is 1.00
The total adjustment factor is 1.09
Ohbserved Storm Depth-Area-Duration
6 Hours 12 Hours 18 Hours 24 Hours 30 Hours 36 Hours 48 Hours 60 Hours 72 Hours
10 sq miles 18.4 234 236 236 216 236 236 - -
100 sq miles 14.7 19.2 10.4 10.6 10.7 10.8 19.8 - -
200 sq miles 12.5 17.6 17.8 18.0 181 182 18.3 - -
300 sq miles 9.7 15.4 15.6 15.7 15.8 16.1 16.2 - -
1000 sq miles 7.9 13.3 13.4 13.6 13.7 14.0 14.1 - -
2000 sq miles 6.2 10.3 10.5 10.7 10.9 111 11.3 - -
3000 sq miles 43 7.3 7.4 7.5 7.7 7.8 7.9 - -
10000 sq miles 3.0 5.3 5.4 5.5 5.6 5.7 5.8 - -
20000 sg miles 2.0 3.9 4.1 4.2 4.3 4.4 4.5 - -
Adjusted Storm Depth-Area-Duration
6 Hours 12 Hours 18 Hours 24 Hours 30 Hours 36 Hours 48 Hours 60 Hours 72 Hours
10 sq miles 20.0 254 25.6 25.6 25.6 25.6 25.6 - -
100 sq miles 16.0 20.8 211 213 214 215 215 - -
200 sq miles 13.6 19.1 10.3 10.5 19.7 10.8 19.9 - -
300 sq miles 10.5 16.7 16.9 17.0 17.2 17.5 17.6 - -
1000 sq miles 8.6 14.4 14.5 14.8 140 152 15.3 - -
2000 sq miles 6.7 11.2 11.4 116 118 121 12.3 - -
3000 sq miles 4.7 7.9 8.0 8.1 8.4 8.5 8.6 - -
10000 sq miles 33 5.8 5.9 6.0 6.1 6.2 6.3 - -
20000 sg miles 2.2 4.2 4.5 4.6 4.7 4.8 4.9 - -
Storm or Storm Center Name USACE SW 2-18-Hallett, OK
Storm Date(s) 9241940
Storm Type MCC
Storm Location 3623 N 96.57TW
Storm Center Elevation 200
Precipitation Total & Duration (10 sq mi) 24.00 inches in 12 hours
Storm Representative Dew Point 115F 12
Storm Eepresentative Dew Point Location 3290 N 9315 W A
Maximum Dew Point 30.0F 79.5
Moisture Inflow Vector SE @ 300
|In-place Marimization Factor 1.09
Temporal Transposition (Date) 17-Aug
Transposition Dew Point Location 3930N 39.86 W A 3
Transposition Maximum Dew Point 30.0F 80.5 76
Transposition Adjustment Factor 0.99
Grid Point Elevation 350
Highest Elevation in Basin 14,344
|Inflow Barrier Height 1000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.09

Appendix F: Table F.106:
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WAR DEPARTMENT CORPS OF ENGINEERS, U. 5. ARMY

STORM STUDIES - PERTINENT DATA SHEET

= Storm of Beptember 2 = 6, 1240

we, YN T R e Assignment S W 2 =18

Location Okla. Kans. Mo, & Ark,

Study Prepared by:
Southwestern Division
Tulsa District Offioe

Part I Reviewed by H. M. Sec. of
Weather Bureau, 8/18/1,1
Part II Approved by Office, Chief

of Engineers for Distribution

of Factual Data, 3/25/l3
Remarks: Centers sty
Hallett, Okla, and Lebo, Kans,

r---) Area covered by
L...: final [sohystal map.
Area inclossd by

@ 2-inch Isehyet. | QC‘LT'QN !! ! P
|

D AN MPUTATIONS COMPILED
PART I
Preliminary Isohyetal map,in 2 sheet , scale 1 1,000,000
Precipitation data and mass curves: {Number of Sheets)
Form 5001-C (Hourly precip. date)_ _ .. . _ .. ___ __-----
Form 500i-B (24-hour " T e -
) Foerm 500I-D (» * * T e A e i 23
Miscl. precip. records, meteorolegical data, ete. . - oo .. 1
Form 5002 (Mass rainfall curves). _ _ . e Lo
PART I

Final isohyetal maps,in 1 sheet , scale 1 . 1,000,000
Data and computation sheets:

Form S5-10 (Data from mass rainfall curves) ____________.. 9
Form S-il (Depth-area data from isohyetal map)_ .. ________ 3
Form S-12 (Maximum depth-duration data) . ___________ 11
Maximum duration-depth-area curves_ _ _ __ .. . _ oo 1
Data relating to perlods of maximum rainfall. _ o oo 2
MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES
Area in 59. Mi. Duration of Rainfall in Hours

6 |12 [318 |2y |3 |3 | 48 | sh | 90

Max. Station |18.9 | 2.0 | 2.0 |2L.0 | 2ha0 | 2.0 | 24.0 | 2.0 | 24.0

10 J’lg% 23.L |35.6 | 2346 ' 2346 | 23.6 | 23.6 | 25.6 | 23.6

100 | .7 (19,2 |19.4 | 19.6 | 19,7 | 19.8 | 19.8/| 1548 | 19.8

200 |12.5 | 17.6 L17.8 | 18.0 | 18.1 | 18.2 | 18.3|| 18.3 | 18,3

500 | 9.7 15444 15.6 | 15.7 [ 15.8 | 16.1 | 16.2|| 16.2| 15.2

1,000 | 749 1343 |13k [ 1346 | 13,7 | Ji4aO | half| 24ad | 1.1

2,000 | 6.2 (10,3 | 10,5 | 10,7 | 10,9 | 11.1 | 11.3 | 11.3 | 11.3

5,000 | L3 | 7.3 7.L) 7.5| 7.7| 7.8 7.9 | 8.0| 8.0

10,000 | 3.0 | 543 Sali| 545 | 546 | 52T | 548 | 549 | 5.9

15,000 | 2.0y | Lk | LS| Le7| Lo7| L8| Leg| 5.1| 5.1

20,000 | 2,0 | 3.9 | Ll | Lo2| Lo | Loli | La5| Lab| Laé

..w

Form 5-2

Appendix F: Table F.107: Depth-area-duration values for Hallett, OK September 2, 1940
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AR ARTMENT CORPS OF ENGINEERS, U 5. ARMY
STORM STUDIES — ISOHYETAL MAP
Storm of September Z2-6, 1940 Assignment S 2-/8
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Appendix F: Figure F.135 and Figure F.136: Total storm isohyetal analysis and mass curve chart for
Hallett, OK September 2, 1940

Page 246 of 346



Hempstead, TX AWA 53

November 22, 1940
Storm Type: Frontal/ MCC
Grid Points Used: 1-3, 8-10
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[Storm Name: USACE GM 5-13-H 1, TX
|Storm Date: 11/22-28/1940 Storm Adjustment for ANO Grid Point 1
|AWA Analvsis Date: 12/15/2013
Temporal Transposition Date 5-Nov
Lat Long Moisture Inflow Direction: E@ 125 miles
Storm center location 30.13N 96.13 W (Grid Point Elevation 350 feet
Storm Rep SST location 30.15N 94.05 W Storm Center Elevation 200 feet
Transposition SST location 3330N 926.05 W Storm Rep Analysis Duration 24 hours
Grid Point location 3531N 93.23W
The storm representative 38T is 710F with total precipitable water above sea level of 247 inches.
The in-place maximum 55T is T45F with total precipitable water above sea level of 2.79 inches.
The transpositioned maximum S8T is TL5F with total precipitable water above sea level of 242 inches.
The in-place storm elevation is 200 which subtracts 0.05 inches of precipitable water at T20F
The in-place storm elevation is 200 which subtracts 0.05 inches of precipitable water at T45F
The transposition storm elevation at 350 which subtracts 0.24 inches of precipitable water at TL5F
The Grid point/inflow barrier height is 1,050 which subtracts 0.24 inches of precipitable water at 7L5F

The in-place maximization factor is 1.12 Motes: Added 2° to the USACE storm rep Td based on EPRI and Nebraskez Euidance
The transposition factor is 0.80 for a synoptic storm going from 12hr persisting to average Td.
The elevation barmer adjustment factor is 1.00
The total adjustment factor is 0.90
(Observed Storm Depth-Area-Duration
6 Hours 12 Hours 18 Hours 24 Hours 30 Hours 36 Hours 48 Hours 60 Hours 72 Hours
10 sq miles 9.0 10.5 16.0 18.6 20.2 20.4 20.6 20.8 211
100 sq miles 7.5 10.0 146 17.6 10.1 10.3 10.5 10.7 20.2
200 sq miles 7.0 9.7 13.6 16.8 18.4 18.7 18.9 19.1 10.6
300 sq miles 6.4 9.2 12.2 155 17.0 17.6 17.8 182 18.7
1000 sq miles 58 8.6 11.1 142 15.6 16.3 16.7 17.5 18.0
2000 sq miles 5.0 7.6 10.0 12.7 14.0 148 15.7 16.7 17.3
3000 sq miles a8 6.0 8.4 10.6 117 12.4 14.1 16.4 16.1
10000 sq miles 3.0 4.8 7.0 8.8 9.7 10.5 12.8 143 148
20000 sq miles 2.0 3.6 5.3 6.7 7.6 8.7 11.0 12.5 13.0
Adjusted Storm Depth-Area-Duration
6 Hours 12 Hours 18 Hours 24 Hours 30 Hours 36 Hours 48 Hours 60 Hours 72 Hours
10 sq miles 81 9.5 14.4 16.8 182 18.4 18.6 18.8 19.1
100 sq miles 6.8 9.0 13.2 15.9 17.2 17.4 17.6 17.8 182
200 sq miles 6.3 8.8 12.3 152 16.6 16.9 17.1 17.2 17.7
300 sq miles 58 83 11.0 14.0 153 15.9 16.1 16.4 16.9
1000 sq miles 52 7.8 10.0 12.8 141 147 15.1 15.8 16.3
2000 sq miles 4.5 6.9 2.0 11.5 12.6 13.4 14.2 151 15.6
3000 sq miles 34 54 7.6 9.6 10.6 11.2 12.7 148 145
10000 sq miles 2.7 43 6.3 7.9 8.8 9.5 116 12.9 13.4
20000 sq miles 1.8 3.3 4.8 6.0 6.9 7.9 9.9 11.3 11.7
Storm or Storm Center Name USACE GM 5-13-H d, TX
Storm Date(s) 11/22-25/1940
Storm Type MCC
Storm Location 30.13N 96.13 W
Storm Center Elevation 200
Precipitation Total & Duration (10 sgq mi) 21.1inches in 72 howrs, 18.6" in 24 hours
Storm Representative 88T T20F
Storm Representative 35T Location 043N MW 0 N
|In-place Maximum S5T 45F 76.3 73
|pfoisture Inflow Vector E@ 125
Iln—place Maximization Factor
Temporal Transposition (Date) 3-Nov
Transposition Dewpoint Location 330N 96.05 W o N
Transposition Maximum S8T J15F 73 0
Transposition Adjustment Factor
(Grid Point Elevation 330
Highest Elevation in Basin 14,344
Inflow Barrier Height
Elevation Adjustment Factor
Total Adjustment Factor 0.90

Appendix F: Table F.108: Storm spreadsheet for Hempstead, TX November 22, 1940
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DEPARTMENT OF THE ARWY : CORPS OF EWGINEERS

STORM STUDIES - PERTINENT DATA SHEET

5t of 22-2t Hovemver 15ho
T L Assignment O 5-13
Locatlen Texas, Louisiana & Miss

Study Prepared by:
Sou stgg'n Di gs'lrm
Oalveston District

Part I Reviewed by H. M. Sec. of
Weather Bureauw, 3-17-47
Fart IL Approved by Office, Chief
of Engineers for Distribution

of Factual Data, 3-20-50

Remarks: Center at Hempstsead,
Texas

pe==q Arah covared by
L-.-1 Tinal Isohyetal map.

res inclosed by 0
‘-I ki &t « Dewpts 7O =Ref. Pt. 12t ®
|© 8nenlsomet. " LoCATION MAP i Y.
A iy MPUTATIONS COMPI
PART I
Preliminary isohyetal map,in 1 sheet , scale 1: 1,000,000
Precipitation data and mass curves: (Number of Sheets)
Form 5001-C (Hourly precip. data). _ . . _ .o ooaooo 109
Form 5001-B (24-hour " A T s ekt 127
Form 5001-D (= * I MO s i A e = 0
Miscl. precip. records, metecrological date, efe._ _ __ __ __ . _____ 2L
Form 5002 (Mass rainfall curves) _ _____ __ ___ _ ____ _____. 127
PART I

Final isohyetal maps,in 1 sheet , scale 1: 1,200,000
Data and computation sheets:

Ferm S-10 (Data from mass rainfall curves)______________ B
Form S-11 (Depth~area data from isohyetal map) .. _____._ 1
Form S-12 (Maximum depth-duration data)_ - .. . _____ 1
Maximum duration-depth-area curves _ _ . o e e 1
Data relating to periods of maximum rainfal_ . ________ 2
MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES
Area in 5q. M. Duration of Rainfall In Hours
[ 12 118 2L 10 36 | LB ) &0 72 78
10 9.0 110,5 |16,0 [1E,6|20.2 | 20,4 | 20.6 |20.8]| .1 21.1
100 7.5 10,0 | 1h.E 276 15,1 (19,3 | 19.5 | 19,7 | 0.2 | 2OL2
200 [7.0 | 9.7 |13.6 |26.8 118, |16,7 (18,9 19.1 | 19.6}19.7
500 | 6.l 6.2 12,2 |15.5 [ 17.0 | 17.6 ( 17.B | 18.2 | 18,7 18.8
1,000 |s.B | AR.6(11.1 |1h.2|15.6|16.3 (16,7 ]17.5|18.0018,1
2,000 |5.0 | 7.6]10.0)22,7{1L.0[1L.B 16,7 16.7| 273175
5,000 |3.8 | 6.0 8.4 }10.6 J11.7 |12.h | 1h.1 | 16.L ) 16.1 | 16.3
10,000 |3.0 | L.B| 7.0] E.B| 9.7]|10.8 {12.8 |1L3 | 1L.B ] 15.1
20,000 2.0 | 3.6 5.3) 6.7 7.6| 8.7[11.0]12.5]13.0]13.2
50,000 [1.2 e | 2L} L) 5.3 6.3) B.o| 9.2) 9.9]10.0
78,000 1.0 1.9| 2.8)] 3.6 Lbu| 5.2 66| 7.8) Bl B.S
l |
Form 5-2

Appendix F: Table F.109: Depth-area-duration values for Hempstead, TX November 22, 1940
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Appendix F: Figure F.137 and Figure F.138: Total storm isohyetal analysis and mass curve chart for
Hempstead, TX November 22, 1940
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Index, AR, AWA 54

June 30, 1940
Storm Type: MCC
Grid Points Used: 13-, 8-10, 16-17
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Storm Name: USACE LMV 4-25-Index, AR
Storm Date: 30-Jun-1940 Storm Adjustment for ANQ Grid Point 1
AWA Analvsis Date: (12/15/2013
Temporal Transposition Date 15-Jul
Lat Long Moisture Inflow Direction SSE @ 75 miles
Storm Center Location 3355N 9404 W (Grid Point Flevation 350 feet
Storm Rep Dew Point Location 250N 036TW Storm Center Flevation 300 feet
Transposition Dew Point Location 41.68N 02 15W Storm Rep Analysis Duration 12 hours
(Grid Point Location 3531N 0323 W
The storm representative dew pointis  77.0F with total precipitable water above sealevel of 314  inches.
The in-place maximum dew pointis  81.0F with total precipitable water above sealevel of 3.76  inches.
The transpositioned maxmum dew pointis  81.0F with total precipitable water above sealevel of 376  inches.
The in-place stonm elevation is 300 which subtracts 0.08 inches of precipitable water at 77.0F
The in-place storm elevation is 300 which subtracts 0.09 inches of precipitable water at 81.0F
The transposition basin elevation at as0 which subtracts 0.30 inches of precipitable water at 81.0F
The Grid point/inflow barrier heizhtis 1,000 which subtracts 0.30 inches of precipitable water at 81.0F

The in-place stonn maximization factor is 1.20 Notes: DAD values taken from USACE LMV 4-23. Storm
The transposition/elevation to basin factor is 0.94 representative dew point value was based on maximum 12hr
The barrier adjustment factor is 1.00 Td values between June 30-July 1, 1940 at EBAD.
The total adjustment factor is 1.13
|Observed Storm Depth-Area Duration

6 Hours 12 Hours 18 Hours MHours : 30Hours | 36 Hours | 48 Hours | 60 Howrs : 72 Howrs

10 sg miles 8.5 10.4 10.9 10.9 11.2 11.5 11.5 - -

100 sq miles 8.4 9.3 10.2 10.2 10.7 11.3 11.3 - -

200 sq miles 8.3 9.5 0.0 10.0 10.4 10.9 11.0 - -

500 sg miles 7.8 8.9 0.4 9.6 0.8 10.3 10.4 - -

1000 sq miles 7.3 8.2 8.8 9.1 2.3 0.6 9.8 - -

2000 sq miles 6.4 7.2 7.8 8.1 8.5 8.7 9.0 - -

5000 sq miles 4.8 5.7 6.1 6.4 7.1 7.4 7.7 - -

10000 sq miles 35 4.5 4.8 5.1 58 6.2 6.5 - -

20000 =q miles 23 3.3 34 318 4.4 5.0 6.2 - -

Adjusted Storm Depth-Area-Duration

6 Hours 12 Hours 18Houwrs : 24 Hows | 30Hours : 36 Hours | 48 Hours : 80 Hours : 72 Howrs

10 sg miles 9.6 11.8 12.3 12.3 12.7 13.0 13.0 - -

100 sq miles 9.5 11.1 11.5 11.5 121 128 12.8 - -

200 sq miles 9.4 10.7 11.2 11.3 11.8 12.3 12.4 - -

500 sg miles 8.8 10.1 10.6 10.9 111 11.6 11.8 - -

1000 sq miles 8.3 9.3 10.0 10.3 10.5 10.9 11.1 - -

2000 sq miles 7.2 8.1 8.8 9.2 9.6 9.8 10.2 - -

3000 sq miles 5.4 6.4 6.9 7.2 8.0 8.4 8.7 - -

10000 sq miles 4.0 5.1 5.4 5.8 6.6 7.0 7.3 - -

20000 =g miles 2.6 3.7 3.8 4.3 5.0 5.7 7.0 - -

Storm or Storm Center Name

USACE LMV 4-25-Index, AR

Storm Date(s) 30-Jun-1940

Storm Type MCC

Storm Location 3355N 0404 W
Storm Center Elevation 300

|Precipitation Total & Duration

11.3 Inches 36-hours USACE LMV 423

Storm Representative Dewpoint J10F 12
Storm Representative Dewpoint Location 32.30N 93.6TW
MManimum Dewpoint 810F
Moisture Inflow Vector SSE@ 75
JIn-place Maximization Factor 1.20
Temporal Transposition (Date) 15-Tul
Transposition Dewpoint Location 4168 N 013w
Transposition Maxmum Dewpoint 81.0F
Transposition Adjustment Factor 0.94
Grid Point Elevation 350
|Highest Elevation in Basin 14 344
[inflow Barrier Height 1,000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.13

Appendix F: Table F.110: Storm spreadsheet for Index, AR June 30, 1940
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EART IL
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Data and computation sheets:
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Form 5-12 (Maximum depth-duration date)________ .
Maximum duration-depth-ares curves_ ____ .o ._
Data relating to perigds of maximum rainfallo . o e
MAXIMUM AVERAGE DEPTH OF RAINFALL (N__INCHES
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£ 1oge ! osg | oo ] e tag 1 lal oanl o7 120
13 Ba0 | Ba7 | 8.9 | 9.1 | 96 12,3 {12.5) 1340 13.4 109 (ih.9

100 7«1 | Teb | 7.8 | Bu0 | 8.5 11005 | 11,2} 11,5 12.0113.L |13.L
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5,000 |21 [2.7 |3.3 ) 3.6 | hef | 5.0 | G| T7.6] B.0) 8.9 | 9,3
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Appendix F: Table F.111: Depth-area-duration values for Index, AR June 30, 1940
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Appendix F: Figure F.139 and Figure F.140: Total storm isohyetal analysis and mass curve chart for
Index, AR June 30, 1940
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Elbert, CO, AWA 55

May 30, 1935
Storm Type: MCC
Grid Points Used: 6,13, 15, 21
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Storm Name: SPAS 1295 Cherry Creek-Elbert, C|
Storm Date: 5/29-31/1935 Storm Adjustment for ANO Grid Point 6
AWA Analysis Date: (12/15/2013
Temporal Transposition Date 30-May
Lat Long Moisture Inflow Direction: SSE@ 500  miles
Storm center location 3924 N 10449W Basin Ave. Elevation 4,400 feet
Storm Rep dew point location 33.05N 99.830 W Storm Center Elevation 6,800 feet
Transposition dewpoint location 2833N  100.03W Storm Rep Analysis Duration 6 hours
Basin location 3450N 10400 W
The storm representative dew pointis  76.5F with total precipitable water above sealevel of 3.07  inches.
The in-place maximum dew pointis  78.0F with total precipitable water above sealevel of 329  inches.
The transpositioned maximum dew pointis  79.0F with total precipitable water above sealevel of 344 inches.
The in-place storm elevationis 6,800 which subtracts 1.48 inches of precipitable water at T6.5F
The in-place storm elevationis 6,800 which subtracts 1.56 inches of precipitable water at 78.0F
The transposition basin elevation at 4,400 which subtracts 1.1z inches of precipitable water at 79.0F
The inflow barrier/basin elevation heightis 4,400 which subtracts 1.12 inches of precipitable water at 79.0 F

The in-place storm maximization factor is 1.09 Notes: DAD values taken from SPAS 1205 Zone 1. Storm
The transposition/elevation to basin factoris 1.34 representative dew point value was based on maximum average 6-
The barrier adjustment factor is 1.00 hr Td values between May 29-30, 1935 at KABI and KSPS.
The total adjustment factoris 1.46
Ohserved Storm Depth-Area-Duration
1 Hours 2 Hours 3 Hours 4Hours : SHours : 6 Hours : 12 Hours : 18 Hours : 24 Hours
1 sq miles 5.8 10.1 13.0 14.1 14.3 17.4 23.0 233 233
10 sq miles 5.5 9.6 11.1 132 134 16.3 21.2 212 212
100 sq miles a7 6.7 8.5 9.3 0.3 10.6 14.8 15.0 15.0
200 sq miles 3l 5.8 7.0 7.7 7.7 7.0 12.4 12.5 125
500 sq miles 2.6 4.5 5.3 5.7 5.7 6.2 9.5 0.5 9.5
1000 sq miles 21 35 4.1 4.1 4.5 4.8 5.7 5.7 5.7
2000 sg miles 16 2.8 32 34 3.6 38 53 54 5.4
3000 sg miles 0.9 1.3 14 1.6 1.7 2.1 25 25 2.5
10000 sg miles - - - - - - - - -
20000 sq miles - - - - - - - - -
Adj i Storm Depth-Area-Duration
1 Hours 2 Hours 3 Hous 4 Hours 3 Hours 6 Hours : 12 Hours | 18 Howrs | 24 Howrs
1 sq miles 8.5 14.8 19.1 20.6 20.9 254 33.6 341 341
10 sq miles 8.0 14.0 17.8 19.3 19.6 23.8 310 310 310
100 sq miles 5.4 9.8 12.5 13.6 13.6 15.6 21.6 22.0 22.0
200 sq miles 4.6 8.5 10.2 11.2 11.3 11.6 18.2 18.4 18.4
500 sq miles 38 6.6 7.8 8.3 8.4 0.1 13.0 13.0 13.0
1000 sq miles 3l 5.1 6.0 6.0 6.6 7.1 8.4 8.4 8.4
2000 sg miles 2.3 4.1 4.6 5.0 5.2 5.6 7.8 7.8 7.8
3000 sg miles 13 1.9 21 2.3 25 3l 3.6 3.6 3.6
10000 sg miles - - - - - - - - -
20000 sq miles - - - - - - - - -
Storm or Storm Center Name SPAS 1295 Cherry Creek-Elbert, CO Zone 1
Storm Date(s) 5/29-31/1933
Storm Type Convective
Storm Location 3924 N 104 49 W
Storm Center Elevation 6300
Precipitation Total & Duration 24.0 Inches 18-hours
Storm Representative Dewpoint 163 F ]
Storm Representative Dewpoint Location 305N 9980 W May June
Mazximum Dewpoint T80F 76.5 %
Moisture Inflow Vector SSE @ 500 Miles
In-place Maximization Factor 1.09
Temporal Transposition (Date) 30-May
Transposition Dewpoint Location 2833N 100.03 W May June
Transposition Maximum Dewpoint J190F 78 793
Transposition Adjustment Factor 1.46
Average Basin Elevation 4,400
Highest Elevation in Basin 14344
Inflow Barrer Height =
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.46

Appendix F: Table F.112:

Storm spreadsheet for Cherry Creek-Elbert, CO May 30, 1935
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SPAS 1295 - May 29 (800 UTC) - June 1 (700 UTC), 1935
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)

Area (mi%) 1 2 3 4 5 6 12 18 24 72 Total
0.3 5.99 10.46 13.33 14.39 14.66 17.83 23.53 23.86 23.86 23.86 23.86
1 5.83 10.14 13.04 14.05 14.31 17.35 2297 2332 23.32 23.32 23.32
10 5.46 9.59 12.14 13.16 13.4 16.29 21.18 2118 21.18 21.51 21.51
25 5.02 5.83 11.2 12.13 12.31 15 19.54 19.81 19.81 19.82 19.82
50 4.44 7.83 9.93 10.76 10.91 12.31 16.92 16.92 16.92 17.72 17.72
100 3.72 6.71 8.52 9.31 9.31 10.63 14.75 15.04 15.04 15.04 15.04
150 3.26 6.27 7.55 8.45 3.45 9.67 12.6 12.6 12.6 1417 14.17
200 3.14 583 6.95 7.66 773 7.93 12.41 12 54 12 54 13.3 13.30
300 295 519 6 7.06 7.06 7.85 10.92 10.92 10.92 12 12.00
400 278 485 568 6.47 6.47 5.94 10.58 10.68 10.68 11.08 11.08
500 262 4.4 53 569 573 6.2 9.49 9.49 9.49 10.29 10.29
1,000 2.09 347 41 41 449 484 573 574 574 8.06 8.06
2,000 1.6 281 317 34 358 3.8 53 5.35 535 57 5.70
5,000 0.92 1.33 1.42 1.55 1.69 2.09 245 245 245 3.66 3.66
8,125 0.54 0.9 1.03 1.13 1.14 1.27 1.81 1.85 1.86 1.86 1.86

Appendix F: Table F.113: Depth-area-duration values for Cherry Creek-Elbert, CO May 30, 1935
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Appendix F: Figure F.141: Depth-area-duration chart for Cherry Creek-Elbert, CO May 30, 1935
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Appendix F: Figure F.142: Mass curve chart for Cherry Creek-Elbert, CO May 30, 1935
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Appendix F: Figure F.143 Total storm isohyetal analysis Cherry Creek-Elbert, CO May 30, 1935
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Hale, CO, AWA 56

May 30, 1935
Storm Type: MCC
Grid Points Used: 5-6,12, 15, 19-20
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|St|rrm Name: SPAS 1295 DAD Zone 3 Hale, CO
[Storm Date: 5/30/1935 Storm Adjustment for ANO Grid Point 6
|AWA Analvsis Date: :12/15/2013
Temporal Transposition Date 30-May
Lat Long Moisture Inflow Direction: SSE@ 475 miles
Storm center location 061N 10226 W (Grid Point Elevation 4,400 feet
Storm Rep dew point location 33.05N 99.80 W Storm Center Elevation 3,700 feet
Transposition dewpoint location 28.00N 10215W Storm Rep Analysis Duration 6 hours
Grid Point location 34.50N 10400 W
The storm representative dew pointis  76.5F with total precipitable water above sealevel of 3.07  inches.
The in-place manimum dew pointis  T8.0F with total precipitable water above sealevel of 329  inches.
The transpositioned maximum dew pointis  79.0F with total precipitable water above sealevel of 344 inches.
The in-place storm elevationis 3,700 which subtracts 0.89 inches of precipitable water at 76.5F
The in-place storm elevationis 3,700 which subtracts 0.94 inches of precipitable water at 780F
The transposition basin elevation at 4,400 which subtracts 112 inches of precipitable water at 79.0F
The Grid Point/Inflow barrier heightis 4,400 which subtracts 1.12 inches of precipitable water at 79.0F

The in-place storm maximization factor is 1.08 Motez: DAD values taken from SPAS 1293 Zone 3. Storm
The transposition/elevation to basin factor is 0.99 representative dew point value was based on maximum 6-hr
The barrier adjustment factor is 1.00 average Td values between May 29-30, 1933 at KABI and KSPS.
Values were selected in region where temperature did not vary
The total adjustment factor is 1.07 more than a 1 degree over a large area.
|Observed Storm Depth-Area-Durati
1 Hours 3 Hours 6 Hours 12Hours | 18 Howrs | M4 Hours | 36 Hours | 48 Howrs | 72 Hours
1 sq miles 9.1 17.6 17.6 17.6 17.6 17.6 - - -
10 sg miles 9.1 17.6 17.6 17.6 17.6 17.6 - - -
100 sq miles 74 14.9 14.9 14.9 14.9 14.9 - - -
200 sq miles 6.1 12.7 12.7 12.7 12.7 12.7 - - -
300 sq miles 4.4 9.8 10.2 10.2 10.2 10.2 - - -
1000 sq miles 2.7 7.6 8.4 8.4 8.4 8.4 - - -
2000 sq miles 1.8 5.7 6.1 6.4 6.4 6.4 - - -
3000 sq miles 11 2.8 3.8 3.8 3.8 3.9 - - -
10000 sq miles 0.7 21 2.6 2.7 2.7 2.8 - - -
20000 sg miles - - - - - - - - -
Adjusted Storm Depth-Area-Duration
1 Hours 3 Hours 6 Hours 12Hours | 18 Hours : 24 Hours | 36 Hours : 48 Hours | 72 Hours
1 sq miles 9.7 18.8 18.8 18.8 18.8 18.8 - - -
10 sg miles 9.7 18.8 18.8 18.8 18.8 18.8 - - -
100 sq miles 7.9 15.9 15.9 15.9 15.9 15.9 - - -
200 sq miles 6.5 13.5 13.5 13.6 13.6 13.6 - - -
300 sq miles 4.6 10.4 10.9 10.9 10.9 10.9 - - -
1000 sg miles 2.8 8.1 8.9 8.9 8.9 8.9 - - -
2000 sq miles 1.9 6.1 6.5 6.8 6.8 6.8 - - -
5000 sq miles 12 LX) 4.1 4.1 4.1 41 - - -
10000 sq miles 0.8 22 28 28 2.8 2.0 - - -
20000 sq miles - - - - - - - - -
Storm or Storm Center Name SPAS 1295 DAD Zone 3 Hale, CO
Storm Date(s) 3/30/1933
Storm Type Convective
Storm Location 961N 10226 W
Storm Center Elevation 3,700
|Precipitation Total & Duration 18.00 Inches 3-hours
Storm Representative Dewpoint W63F 6 May June
Storm Bepresentative Dewpoint Location R 00.80 W 76.3 79
Maximum Dewpoitit J80F
Moisture Inflow Vector SEE @ 473
|In-place Maximization Factor 1.08
Temporal Transposition (Date) 30-May May June
Transposition Dewpoint Location 28.00N 10215 W 78 793
Transposition Maximum Dewpoint 90F
Transposition Adjustment Factor 0.99
(Grid Point Elevation 4400
|Eighest Elevation in Basin 14344
|infiow Barrier Height R
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.07

Appendix F: Table F.114: Storm spreadsheet for Hale, CO May 30, 1935
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SPAS 1295 - May 29 (800 UTC) - June 1 (700 UTC), 1935

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
Area :mizl 1 2 3 4 5 6 12 18 24 72 Total
0.3 933 14 64 18 18 13 13 18 18 13 18 18.00
1 913 14 37 17 62 17 62 17 62 17 62 17 62 17 62 17 62 17 62 17.62
10 9.13 14.35 17.62 17.62 17.62 17.62 17.62 17.62 17.62 17.62 17.62
25 8.81 13.72 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.30
50 8.36 12.98 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.60
100 7.38 11.42 14.92 14.92 14.92 14.92 14.92 14.92 14.92 15.01 15.01
150 6.61 10.18 13.62 13.66 13.69 13.69 13.69 13.69 13.69 13.82 13.82
200 6.12 9.36 12 65 12 66 12 69 127 12.71 12.71 12.71 1312 13.12
300 533 825 11.39 11.63 11.75 11.75 11.75 11.74 11.75 11.93 11.93
400 475 737 10.33 10.37 10.37 10.37 10.37 1037 10.37 11.18 11.18
500 435 6.44 976 10.19 10.19 10.19 10.19 10.19 10.19 10.52 10.52
1,000 2 66 506 762 8.17 835 835 8.37 8.37 8.37 a4 8.40
2,000 1.79 362 571 6.01 611 611 6.35 6.35 6.35 6.36 6.36
5,000 1.09 221 279 379 3.84 3.84 384 384 385 385 3.85
10,000 0.73 1.5 2.06 2.6 2.64 2.64 2.67 2.67 2.75 2.75 2.75
14,854 0.46 0.9 1.35 1.45 148 148 1.56 1.56 1.68 1.68 1.68
Appendix F: Table F.115: Depth-area-duration values for Hale, CO May 30, 1935
SPAS #1295 DAD Curves Zone 3
May 29-June 1, 1935
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Appendix F: Figure F.144: Total storm isohyetal analysis for Hale, CO May 30, 1935
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Appendix F: Figure F.145: Mass curve chart for Hale, CO May 30, 1935

Page 263 of 346




1o 0l 104" 0A 103 i B 1O

AN

100w 1047 0N Rl ] Y 101*0rey

e Total Storm (72-hour) Precipitation

May 29 to 31, 1935
SPAS #1235 ] [___L !—
—.ﬁk‘t

Precipitation (inches) Statians R
Moo oo [Teorson (oo e Jao-mo 8 vouy ® Doy I I ]

.'H.l'l- :me-I]LEUU.EUl-HIM .II-.IJI-WL": @ Houry Pseuco * Suppeemenis

.J:n-_l,u.'- .l:'hI.H- ?uu. (LTI R |I||| 10m -0 B Houry Est & Suppeerenis s

Bzo-sw@ro-ao 2o am[Jamm-200 @ oy Est Pessdn [ dssones_1705

Appendix F: Figure F.146 Total storm isohyetal analysis Hale, CO May 30, 1935
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Cheyenne, OK, AWA 57
April 3, 1934
Storm Type: MCC
Grid Points Used: 8, 10-11, 16-18
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Storm Name: USACE SW 2-11-Chey , OK
Storm Date: 03-Apr-1034 Storm Adjustment for ANQ Grid Point 8
AWA Analysis Date: (12/16/2013
Temporal Transposition Date 15-Apr
Lat Long Moisture Inflow Direction SE @ 250 miles
Storm Center Location 3561N 99,67 W (Grid Point Elevation 1,200 feet
Storm Rep Dew Point Location 33.04N  96.62W Storm Center Elevation 1,990 feet
Transposition Dew Point Location 40.13N  89.25W Storm Rep Analysis Duration 12 hours
Grid Point Location 37T50N  03.00W
The storm representative dew pointis  7LOF with total precipitable water above sealevel of 236  inches.
The in-place maximum dew pointis  73.0F with total precipitable water above sealevel of 2.60  inches.
The transpositioned manimum dew pointis  67.0F with total precipitable water above sealevel of 1.95  inches.
The in-place storm elevationis 1,990 which subtracts 0.42 inches of precipitable water at T1.0F
The in-place storm elevationis 1,990 which subtracts 0.45 inches of precipitable water at TI.0F
The transposition basin elevationat 1,200 which subtracts 0.19 inches of precipitable water at 67.0F
The Gnd Point Tnflow bamer heightis 1,000 which subtracts 0.19 inches of precipitable water at 67.0 F

The in-place storm maximization factoris 111 Notes: DAD values taken from USACE Storm Studies SW 2-11.
The transposition/elevation to basin factoris ~ 0.82 Added 7° to storm rep Td.
The barrier adjustment factor is 1.00
The total adjustment factoris 0.91
‘Observed Storm Depth-Area-Duration
6 Hours 12Hours | 18Howrs | 24 Hourz | 30Hows | 36Hours ;| 48 Howrs | 60Howrs | 72 Hours
10 sg miles 17.3 20.8 213 - - - - - -
100 =g miles 14.4 17.1 17.7 - - - - - -
200 =g miles 13.3 15.7 16.4 - - - - - -
300 =g miles 11.5 13.5 14.0 - - - - - -
1000 =g miles 9.1 10.7 11.1 - - - - - -
3000 sq miles - - - - - - - - -
10000 sq miles - - - - - - - - -
20000 sq miles - - - - - - - - -
Adjusted Storm Depth-Area-Duration
6 Hours 12Hours | 18Hows @ 24 Hours | 30Hows : 36 Hours : 48 Howrs | 60Hours | 72 Howrs
10 sg miles 15.7 18.9 19.3 - - - - - -
100 sq miles 131 15.5 16.1 - - - - - -
200 sg miles 12.1 14.2 14.9 - - - - - -
300 sq miles 10.4 12.2 12.7 - - - - - -
1000 sq miles 8.3 9.7 10.1 - - - - - -
3000 sq miles - - - - - - - - -
10000 sq miles - - - - - - - - -
20000 sg miles - - - - - - - - -

Storm or Storm Center Name

USACE 8W 2-11-Chevenne, OK

Storm Date(s) 4/3/34

Storm Type MCC

Storm Location 3561N 00.67 W
Storm Center Elevation 1,890

Precipitation Total & Duration

23.00 Inches 12-hours USACE Storm Studies SW 2-11

Storm Representative Dew Point TI0F 12hr average added 7°F to Td as accepted by EPRI Michizan Wisconsin study
Storm Representative Dew Point Location 33.4N 26.62 W
Maximum Dew Point T30F

Moisture Inflow Vector SE @ 250

In-place Maximization Factor 111

Temporal Transposition (Date) 15-Apr
Transposition Dew Point Location 4013 N 8925 W
Transposition Maximum Dew Point 610F

Transposition Adjustment Factor 0.82

(Grid Point Elevation 1200

Highest Elevation in Basin 14344

Inflow Barrier Heizght 1,000

Elevation Adjustment Factor L.00

Total Adjustment Factor 0.91

Appendix F: Table F.116:

Storm spreadsheet for Cheyenne, OK April 3, 1934
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T 4. vy
DEPAMTMENT OF THE ARMY CORPE OF ENGINEERD

STORM STUDIES = PERTINENT DATA SHEET
A or T Storm of 3-4 April 1934

¥ L. Asslgnment 5w o2-11
Location Oklahoms mnd Texas
Study Prepared by:
Southwestern Division
Tules District Offioe

Part I Reviewed by H. M. Sec. of
Weather Buresu, 7/22/48
Pert IL Approved by Office, Chief

of Engineers for Distribution

of Factual Data, 8/9,/47
Remarks: Center nesr
Chaysnna, Otlahoms

ro-ey AFEE COVArad by
t...! final mehyetal map.

@:rl::ﬂhﬂ:z::hh L Ti 7 Dewpt. 64°- Rer. Fr, 250 SE
Grid G-17
T, o CD TATI MPI
PART I

Preliminary Isohyetal map, in 1 sheet , scale 1:260,000

Precipitation data and mass curves: (Numbar of Sheets)
Form 5001-C (Hourly preclp. data)________ ________.____._ 2
Form 500i-B (24-hour " L T -
Form S001-D (" ¥ . g e e 7
Miscl. precip. records, meteerclegical data, ete. [Supplamantal Folder 112
Form 5002 (Mass rainfall curves)_ _ __________ ___________ 21

PART I

Final isohyetal maps, In 1 sheet , scale 11250,000

Data and computation sheets:
Form S-10 (Data from mass rainfall curves)__ . __________. 3
Form S-i1 (Depth-ares dats from |sohyetal map)___________ 2
Farm S-12 (Maximum depth-cduration data). .. .. +
Maximum duration-depth-area curves_ __ ___ __________..__ 1
Data relating to perlods of maximum rainfall __ _ __________ 1

MAXIMUM AVERAGE DEPTH OF RAINFALL IN FNCHE_;
Area in Sq. ML Duration of Rainfell In Hours
8 1z | 18

Max,.5tation | 20.0] 25,0 25.0
10| 17.5 | 20.8| 21.3
100 | 4.4 | 171 | 17,7

200 | 13.5 | 18.7 | 18,4
BOO [ 11.6 | 13.5 | 14.0
1,000 f.1| 10.7| 11.1
=' m 5!* T3 TaB
2,200 | 6.8 8.8 T.1

Form 5-2

Appendix F: Table F.117: Depth-area-duration values for Cheyenne, OK April 3, 1934
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Appendix F: Figure F.147 and Figure F.148: Total storm isohyetal analysis and mass curve chart for
Cheyenne, OK April 3, 1934
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Fairfield, TX, AWA 58

August 30, 1932
Storm Type: MCC
Grid Points Used: 1-3, 8-10
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Storm Name: USACE GM 5-16A-Fairfield, TX
Storm Date: 9/3-5/1932 Storm Adjustment for ANO Grid Point 1
AWA Analysis Date: 12/16/2013
Temporal Transposition Date 20-Ang
Lat Long Moisture Inflow Direction: 5@ 340 miles
Storm center location 31L.73N 96.17 W (Grid Point Flevation 350 feet
Storm Rep SST location 27.00N 9755 W Storm Center Elevation 450 feet
Transposition S5T location 18.60N 99.60 W Storm Rep Analysis Duration 12 hours
Grid Point location 3531 N 93.23 W
The stonm representative 85T 1s T6.0F with total precipitable water above sealevel of 2.99 inches.
The in-place maximum S5T is T9.0F with total precipitable water above sea level of 344 inches.
The transpositioned masimum S8T is TO.0F with total precipitable water above sealevel of 344 inches.
The in-place storm elevation is 450 which subtracts 0.12 inches of precipitable water at T6.0F
The in-place storm elevation is 450 which subtracts 0.135 inches of precipitable water at T9.0F
The transposition storm elevation at 350 which subtracts 0.295 inches of precipitable water at 79.0F
The Grid point/inflow barrier height is 1,050 which subtracts 0.295 inches of precipitable water at 79.0F
The in-place mavimization factor is 1.15 MNotes: USACE states an inflow of South (@ 340 miles for the storm rep dew point
The transposition factor is 0.95 location, hu.v.-ax.'z: thjs \'-'D.Bk‘l. be over the G:\:,L: of _\Iaa.;i{:u: r'mxa likaly this 1z a::
The elevation/barier adjustment factor is 100 f;:réz‘;:lg;:::;:ha inflow vector and the location of the storm rep was from
The total adjustment factor is 1.10
(Ohserved Storm Depth-Area-Duration
6 Hours 12 Hours 18 Hours 24 Hours 30 Hours 36 Hours 48 Hours 60 Hours 72 Hours
10 sq miles 10.0 13.8 16.4 18.3 18.9 1903 19.5 - 10.5
100 sq miles 8.2 12.8 15.0 18.0 18.4 18.5 18.7 - 18.7
200 sq miles 7.6 12.4 15.5 174 17.9 17.9 18.1 - 18.1
300 sq miles 6.0 11.8 14.6 16.2 16.6 16.6 16.8 - 16.8
1000 sq miles 6.3 11.0 13.6 148 15.0 15.1 15.2 - 15.2
2000 sq miles 5.8 9.8 112 12.8 13.0 131 13.1 - 13.2
3000 sq miles 4.2 6.5 8.1 8.8 9.7 10.0 10,3 - 10.4
10000 =q miles 25 4.3 5.4 6.4 7.4 7.8 83 - 8.4
20000 sq miles 1.6 2.7 3.7 4.5 5.3 5.9 5.9 - 6.6
Adjusted Storm Depth-Area-Duration
6 Hours 12 Hours 18 Hours 24 Hours 30 Hours 36 Hours 48 Hours 60 Hours 12 Hours
10 sq miles 11.0 15.1 18.0 20.1 20.7 211 214 - 214
100 =q miles 9.0 14.0 17.4 19.7 202 20.3 20.5 - 20.5
200 sq miles 8.3 13.6 17.0 10.1 10.6 19.6 19.8 - 10.8
300 sq miles 7.6 12.9 16.0 17.8 18.2 18.2 18.4 - 18.4
1000 sq miles 6.0 12.1 14.9 16.2 16.4 16.5 16.7 - 16.7
2000 sq miles 6.4 10.7 13.0 14.0 14.2 144 14.4 - 14.5
3000 sq miles 4.6 7.1 8.9 9.6 10.6 11.0 11.2 - 11.4
10000 sq miles 2.7 4.7 5.9 7.0 8.1 8.5 2.1 - 9.2
20000 sg miles 1.8 2.0 4.1 4.9 5.8 6.5 6.5 - 7.2

Storm or Storm Center Name

USACE GM 5-16A-Fairfield, TX

Storm Date(s) 9/3-5/1932

Storm Type MCC

Storm Location 31L73N 96.17TW
Storm Center Elevation 430

Precipitation Total & Duration (10 sq mi)

193 inches in 48 hours, 183" in 24 hours

Storm Representative 58T T60F

Storm Representative 88T Location 270N 9735 W A 8
|In-place Maximum SS5T T90F ikl ikl
|Moisture Inflow Vector S @ 340
|I.n—p1ace Maximization Factor

Temporal Transposition (Date) 20-Aug

Transposition Dewpoint Location 2B60N 99,60 W A 8

Transposition Maximum 55T T90F e 78

Transposition Adjustment Factor

Grid Point Elevation 330

Hizhest Elevation in Basin 14344

Inflow Barrier Height

Elevation Adjustment Factor

Total Adjustment Factor 1.10

Appendix F: Table F.118:

Storm spreadsheet for Fairfield, TX August 30, 1932
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DEPARTMENT OF THE ARMY CORPS OF EMNBINEERS

STORM STUDIES - PERTINENT DATA SHEET

Storm of 30 Aug-5 Sept 1932
o, MM U WYY e Assignment oM 5-16A
Locaticn Texas
Study Prepared by:
Southwestern Division
Falveston MHatrict Office

Part T Reviewed by H. M. Sec. of
YYeather Bureau, S-22-4l
Part II Approved by Office, Chief

of Engineers for Distribution
of Factual Data, 12/2/47
Remarks: Centers at
Fairtield and near Rock
Springs, Texas
Dewpt. 76 = Ref. Pt. 340 S

l.

r=--y Area covered by
t.-.: Tinal isohyetal map.
@ma inclosed by :

2 -inch isohyet. L_UCAT'ON MAP

Grid I1-15
AT AN COMPUTATIONS COMPILED
PART I
Preliminary isohyetal map, in 2 sheets, scale 1:1,000,000
Precipitation data and mass curves: (Number of Sheets)
Form 5001-C (Hourly precip. date)__ ____________________ 20
Form 5001-B (24-hour * L T 79
Form 5001-D (" K » L T AT -
Miscl. precip. records, meteorological data, etc._ _ _ __ _______ s AD
Form 5002 (Mass rainfall curves)_ _ __._ __ ______ __ . ___._. 53
PART I

Final isohyetal maps, in 1 sheet , scale 1:1,000,000
Data and computation sheets:

Form S-I0 (Data from mass rainfall curves)_ ____________._ U
Form S-11 (Depth-area data from Isohyetal map). oo oc—- 2
Form 5-12 (Maximum depth-duration dats)________________ 5
Maximum duration-depth-area curves_ ___ . eercane - 1
Data relating to perlods of maximum rainfall __ . . ____ 2
MAXIMUM AVERAGE DEPTH OF RAINFALL IN _INCHES
Area in 5q. Mi. Duration of Rainfall in Hours

-] A2 kﬂ__ﬁh_i' TBQ__L_hﬁ?_'%._ﬁ?_m?..Mg.

10 10-“ 13 lﬂ' oh 1 43 19 19!-3 19! 19' 19' 19" lgl

00| 8.2 |12.8|15.9| 18,0 18,4 | 18,5| 16.7| 18.7| 18.7| 18.7| 1B.7

200 | 7.6 |12.4|15.5|17.4 | 17.9| 17.9 18,1 | 18,1| 16.1] 18.1} 18.1

500 | 6.9)11.8|1L.6(16.2]116.6| 16.6| 16.B| 16,8 16,8| 156.8| 16.8

1,000 | 6.3 |11.0|13.6| 14.8| 15.0| 15.1 15.2]| 15.2| 15.2| 15.2| 15.2

2,000 | 5.8 | 9.8|11.9]12.8|13.0(13.3 ] 13.1} 13.2| 13.5| 13.6| 13.7

5,000 | L.2| 6.5| 8.1| B.8( 9.7]10.0|10.3| 10.4| 10.8] 11.3| 11.6

10,000 | 2,5| L.3| S.li| 6.4| 7.4| 7.8| 8.3| B.4| 8.8] 9.3| 9.7

20,000 | 1.6| 2.7| 3.7| 4.5| 5.3 5.9| 6.4] €.6| T7.0] T7.5| 7.9

50,000 | 0.7 | 1.3| 2.0| 2.5| 3.0| 3.6| 4L.3| L.7| 5.0 5.3| 5.8

116,000 | O.4 | 0.7 | -1.0| 1.3 | 1.5| 1.7| 1.9| 2.3| 3.0| 3.9| L.

Form 5-2

Appendix F: Table F.119: Depth-area-duration values for Fairfield, TX August 30, 1932
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DEPARTMENT OF THE ARMY CORPS OF ENGINEERS

STORM STUDIES - ISOHYETAL MAP ]
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Appendix F: Figure F.149 and Figure F.150: Total storm isohyetal analysis and mass curve chart for
Fairfield, TX August 30, 1932
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Porter, NM, AWA 59

October 9, 1930
Storm Type: Frontal/Tropical
Grid Points Used: 5-6, 12-13
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Storm Name: Porter, NM USACE SW 2-6
Storm Date: 10/9-12/1930 Storm Adjustment for ANO Grid Point 6
AWA Analvsis Date: :12/21/2013
Temporal Transposition Date 25-Sep
Lat Long Moisture Inflow Direction: SE @ 380 miles
Storm center location A520N  10328W (Grid Point Elevation 4,400 feet
Storm Rep dew point location 3125N 9875 W Storm Center Elevation 4,120 feet
Transposition dewpoint location 3195N 0705 W Storm Rep Analysis Duration 24 hours
Grid Point location 34.50N 10400 W
The storm representative dew pointis  73.0F with total precipitable water above sea level of 2.60  inches.
The in-place maximum dew pointis  77.0F with total precipitable water above sea level of 3.14  inches.
The transpositioned maximum dew pointis  77.0F with total precipitable water above sea level of 3.14  inches.
The in-place storm elevationis 4,120 which subtracts 0.86 inches of precipitable water at T3.0F
The in-place storm elevationis 4,120 which subtracts 0.99 inches of precipitable water at 77.0F
The transposition basin elevation at 4,400 which subtracts 1.05 inches of precipitable water at 77.0F
The Grid Point/Inflow barrier heizhtis 4,400 which subtracts ~ 1.05 inches of precipitable water at TT0F

The in-place storm maximization factoris 1.24 Motez: DAD values taken from §W 2-6. Added 2°F to USACE
The transposition/elevation to basin factoris 0.97 storm rep to convert of average maximum Td climatology.
The batrier adjustment factor is 1.00
The total adjustment factor is 1.20
|Observed Storm Depth-Area Duration
6 Hours 12 Hours 18Hours | M4 Hows : 30Howrs : 36 Hows | 48 Howrs : 60 Hows : 72 Hours
1 sq miles - - - - - - - - -
10 sq miles 5.7 6.3 8.5 9.9 9.9 2.9 2.9 2.9 -
100 sq miles 53 5.9 7.6 9.1 9.1 2.1 2.1 2.1 -
200 sq miles 5.1 5.7 7.2 8.7 8.7 8.7 8.7 8.7 -
300 sq miles 4.6 53 6.5 7.9 8.0 8.0 8.0 8.0 -
1000 sq miles 4.1 4.9 6.0 7.2 7.3 74 7.4 74 -
2000 sg miles 3.6 4.4 5.4 6.5 6.6 6.7 6.8 6.8 -
3000 sg miles 2.0 a7 4.6 5.4 5.5 5.8 5.0 5.9 -
10000 sg miles 2.3 il 3.0 4.5 4.7 51 5.2 5.2 -
20000 sg miles 1.7 2.5 3.2 3.6 3.9 4.3 4.4 4.4 -
Adjusted Storm Depth-Area-Duration
6 Hours 12 Hours 18 Hours 2MHows | 30Hours | 36 Hours { 48 Hours : 60 Hours | 72 Hours
1 sq miles - - - - - - - - -
10 sg miles 6.8 7.6 10.2 11.9 11.9 11.9 11.9 11.9 -
100 sg miles 6.4 7.1 9.1 10.9 10.9 10.9 10.9 10.9 -
20 =g miles 6.1 6.8 8.6 10.5 10.5 10.5 10.5 10.5 -
300 sq miles 5.5 6.4 7.8 9.5 9.6 9.6 9.6 9.6 -
1000 sq miles 4.9 5.0 7.2 8.6 8.8 8.0 8.0 8.9 -
2000 sq miles 43 53 6.5 7.8 7.9 8.0 8.2 8.2 -
3000 sq miles 3.5 4.4 5.5 6.5 6.6 7.0 7.1 7.1 -
10000 sq miles 2.8 38 4.7 5.4 5.6 6.1 6.2 6.2 -
20000 sq miles 2.0 3.0 3.8 43 4.7 5.2 5.3 5.3 -

Storm or Storm Center Name

Porter, NM USACE SW 2-6

Storm Date(s) 10/9-12/1930

Storm Type Syhoptic

Storm Location 3520N 10328 W
Storm Center Elevation 4120

|Precipitation Total & Duration

9.90 Inches 60-hours

Storm Representative Dewpoint T30F 24 DRT. AUS FTW, AEI
Storm Representative Dewpoint Location 31.25N 0873 W

Mazximum Dewpoint TI0E

Moisture Inflow Vector SE @ 380 Sept Oct
JIn-place Maximization Factor 1.24 713 16
Temporal Transposition (Date) 25-8ep

Transposition Dewpoint Location 3195 N 0703w

Transposition Maximum Dewpoint TI0E

Transposition Adjustment Factor 0.97

(Grid Point Elevation 4. 400

|Highest Elevation in Basin 14344

|inflow Barrier Height 4400

Elevation Adjustment Factor 1.00

Total Adjustment Factor 1.20

Appendix F: Table F.120:

Storm spreadsheet for Porter, NM October 9, 1930
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WAR DEPARTMENT CORPS OF mg&uanm
STORM STUDIES - PERTINENT DATA SHEET

Storm of 9-12 Octobar 1930
Assignmanmt SW 2 - &
Locationl, i, ,Colo, ,Kuns., ,Nebr, ,
Study Preparad by: Tex, Alkla,
Southwentern Divieion

Tulas District Office

Part I Reviewsd by H. M. Sec. of
Wanther Bursau, 5/6/13

Part II Approved by Office, Chief
of Eaginears for Diatribution
of Factual Data, 10/26/15

Remarks: Cemtar at)

Parter, Hew Maxice

Praliminary lschystal map, in 2 shests, scale 141,000,000

Pracipitation data and mass curves: (Number of Shests)
Form 5001-C (Mourly preclp. dati) . _ _ oo ... 2
Ferm 5001-B (P4~-hour * B o S ..,. -
Ferm S00I-D (= * " ot O &
Miscl precip. recerds, metaerelogical data, ote. o ... 1
Form 5002 (Mass ralnfall curvee). o - - __ e e 1
EART I

Fins! l[sohystal maps,in 1 shest . scale 141,000,000
Data and computation sheshs:

Form S-10 a from mass ralnfall curves) - oo oo 5
Form 3=l h=area deta from isohyetal map) - - oo 2
Form $=12 (Maximum depth-duration date). - - cccccemee- 6
Maximum cduration-depth-arsa curves _ _ . o - e e 1
Data relsting to periods of maximum reinfall.. e 2
MAXIMUM AVERAGE DEPFTH OF MHIFA"Q. IN_INCHES
Area In 3q. ML Durat! of Rabnfall m%_

L.z L8 1 2 1 30 | 36 L LE | 60

10 | 5.7 6.3 8.5 95| 7.9| 9459 | 99| 2.9

00| 5.3 5.9 7.6| 91| 9.1)] 9.1 9.1 9.1

200 | 5.1 | 5.7| 7.2 | 8,7) B.7| 8.7| 8.7| B.7

500 | L.6| 5.3 | 6.5 7.9| B.0) 8.0 B.O{ B.O

1,000 | Lol | L9 | G.0) Tu2| 7-3| Tk 'r.% Toli

2,000 | 3.6 | L.L| s5.u] 6.5] 5.6]| 6.7] 6. 6.8

5,000 | 2.9 3u.7| Lo6)]| Bh| 5.5 5.8 54§ 5.9

10,000 | 2.3 3.2 3.9 L.5| L.7 E.l 5.2 | 5.2

20,000 | 1.7| 2.5| 3.2| 3.6] 3.9 31 Ll Lek

27,700 | 1.1 | 2,1 ) 2.8) 3.1 3.5] L.O| L] La

Appendix F: Table F.121: Depth-area-duration values for Porter, NM October 9, 1930
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WAR GEPANTHENT _CORPS OF EWQINEERE. UL . ARMY
STORM STUDIES — ISOHYETAL MAP
= Assignment 2K 2-5

Storm of

Study merﬂé b’f.;} ) ma Orsirict

ACCRMULATED PRECIPITATION I IRCHES
- -
TTTT T T T VAT T[T I I oI rrT

|

Appendix F: Figure F.151 and Figure F.152: Total storm isohyetal analysis and mass curve chart for

Porter, NM October 9, 1930
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Boyden, IA, AWA 60, MR 4-24

September 17, 1926
Storm Type: MCC
Grid Points Used: 1-4, 8-11, 16-18
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Storm Name: Bovden, [A MR4-24
Storm Date: 17-Sep 1926 Storm Adjustment for ANO Grid Point 1
AWA Analysis Date: (12/21/2013
Temporal Transposition Date 3-Sep
Lat Long Moisture Inflow Direction SSE@ 175 miles
Storm Center Location 43.19N 96.01'W Grid Point Elevation 350 feet
Storm Rep Dew Point Location 40.85N 0475 W Storm Center Elevation 1.400 feat
Transposition Dew Point Location 4039 N 9133 W Storm Rep Analysis Duration 12 hours
Grid Point Location 3531N  0323W
The storm representative dew pointis  77.0F with total precipitable water above sea level of 3.14  inches.
The in-place maximum dew pointis  78.5F with total precipitable water above sea level of 337  inches.
The transpositioned maximum dew pointis  77.5F with total precipitable water above sea level of 322 inches.
The in-place storm elevationis 1,400 which subtracts 0.37 iiches of precipitable water at 77.0F
The in-place storm elevationis 1,400 which subtracts 0.29 inches of precipitable water at 78.5F
The transposition basin elevation at 350 which subtracts 0.28 inches of precipitable water at 77.5F
The Grid Point/inflow barrier height is 350 which subtracts 0.28 inches of precipitable water at 77.5F
The in-place storm maximization factor is 1.07 Notes: DAD values taken from USACE MR 4-24. Storm
The transposition/elevation to basin factoris 0.99 representative dew point value was based on adding 7° to the
The barrier adjustment factor is 1.00 USACE analysis following standard guidance.
The total adjustment factor 1s 1.06
‘Observed Storm Depth-Area-Duration
6 Hours 12 Hours 18Hours : 24 Hours : 30 Hours ;| 36 Hours : 48 Hours : 60 Hours { 72 Hours
1 sg miles 18.4 238 24.0 24.0 24.0 24.0 24.0 - -
10 sq miles 15.1 20.7 217 2.7 217 2.7 2.7 - -
100 sq miles 12.8 17.1 17.8 17.8 17.8 17.8 17.8 - -
200 sq miles 11.7 15.8 16.6 16.6 16.6 16.6 16.6 - -
500 sq miles 0.4 12.6 13.3 133 13.3 13.3 133 - -
1000 sq miles 7.5 10.1 10.4 10.6 10.6 10.6 10.6 - -
2000 sq miles 5.9 8.0 8.2 8.6 8.6 8.6 8.6 - -
3000 sq miles 41 6.3 6.4 6.6 6.6 6.6 6.6 - -
10000 sg miles .0 52 5.4 5.5 5.6 5.6 5.6 - -
20000 sg miles 2.1 4.1 4.3 4.4 4.6 4.8 4.9 - -
Adjusted Storm Depth-Area-Duration
6 Hours 12 Hours 18Hows { M Hours : 30Hours | 36Hours : 48 Hours | 60 Hours { 72 Hours
1 sg miles 19.5 252 254 254 254 254 254 - -
10 sq miles 16.0 21.9 23.0 23.0 23.0 23.0 23.0 - -
100 sq miles 13.6 18.1 18.0 18.0 18.9 18.9 18.0 - -
200 sq miles 12.4 16.7 17.6 17.6 17.6 17.6 17.6 - -
300 sq miles 10.0 13.4 14.1 14.1 141 14.1 14.1 - -
1000 sq miles 7.9 10.7 11.0 11.2 11.2 11.2 11.2 - -
2000 sq miles 6.3 8.5 8.7 9.1 0.1 9.1 0.1 - -
3000 sg miles 4.3 6.7 6.8 7.0 7.0 7.0 7.0 - -
10000 sq miles 32 5.5 5.7 5.8 5.9 5.9 5.9 - -
20000 sq miles 2.2 4.3 4.6 4.7 4.9 5.1 5.2 - -
Storm or Storm Center Name Bovden, [A MR4-24
Storm Date(s) 17-Sep-1926
Storm Type MCC
Storm Location 43.19N 26.01 W
Storm Center Elevation 1,400

Precipitation Total & Duration

24.00 Inches 18-hours USACE Storm Studies MR 4-24

Storm Representative Dewpoint TIO0F 12

Storm Representative Dewpoint Location 4083 N MIIW Aug Sep
Maximum Dewpoint T85F 81 76
Moisture Inflow Vector SSE@ 173

In-place Maximization Factor 1.07

Temporal Transposition (Date) 3-8ep

Transposition Dewpoint Location 4039 N 9133 W Aug Sep
Transposition Maximum Dewpoint T13F 803 76
Transposition Adjustment Factor 0.99

Grid Point Elevation 330

Highest Elevation in Basin 14344

Inflow Barrier Height N/A

Elevation Adjustment Factor 1.00

Total Adjustment Factor 1.06

Appendix F: Table F.122:
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DEPARTMENT OF THE

ARMY

STORM STUDIES - PERTINENT DATA SHEET

#Lll

AEGEND
rre=7 AFeE covarad by
i...d Tinsl isehystal map.
Arga nckasd by
€5 2-inen isehyat.

LOCATIIN MAP

Storm 6f  17-19 September 1926
Assignment MR L-2L

Location Ia Minn,Neor.5.0. & TWisad
Study Prepared by:
Uiagourd River TMvision

Omaha Distriest Office

Part I Reviewed by H. M. Sec. of
Yeather Buresu, B/5/L7

Part IL Approved by Office, Chief
of Engineers for Disfribution
of Factusl Datae, 12 /2%757

Remarks: Centera near

Boyden & Maurice, Ia.

Dewpt, TO° - Hef. Pt, 174 5SE

Grid O-16

ATA

Preliminary Ischyetal map, in 2

PUTATIONS COMPILED

PART I

sheets, scale 1:500,000
Precipitation data and mass curves:

(Mumbsr of Sheets)

Form 5001-C (Howrly pracip. data). - __ __________________ o
Form 500i-B (24-hour * L T -
Form S00i-D(* *» = L 11
Miscl. precip. records, metecrological date, etc._____________. 29
Form 5002 (Mass rainfall curves). _ . oo o e ememmma. 2T
PART II
Final [schystal maps, in 1 sheet , 3cale 1:1,000,000
Data and computation sheets:
Form S=10 (Data from mass rainfall curves). _ oo 3
Form S5-Il (Depth-ares data from isohyetal map).__________ 2
Furm S-12 (Maximum depth-duration data)_______________. 17
Maximum duration=-depth-area curves_____ . _._.. 1
Data relating to perlods of maximum rainfall o _ _ o . ____ [}
MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES
Arga in S5q. Mi. Duration of Rsinfall in Hours
[ 12 18 | *2h 30 | 36 Lf N
ax.Statlen |18.4L| 23,6 2.0 2L.0| 2L.00 2L.010 4.0 2.0
190|152 | 20.7 | 1.7 2.7 21.7| 21.7) 21.7| 21.7
o0 |12.8)17.1| 17.6017.8] 17.8| 17.68) 17.H] 17.8
200 |11.7 | 15.8 | 16,6 16.6 | 16.6 | 1o 6] 16,6 14,6
S00 | 9.4f12.6)13.3)015.3]13.3]13.3( 13.3( 13.3
1,000 | 7.5 |40.1| 1oL ) 0.6 | 10.45| 10.6| 10.6] 10.6
2,000 | 5.9 d.0| H.2] 8.6 B.5| 8.4 A.8] 8.5
5,000 | L.1| 6.3 6| 6.8 6.5 8.8 5.6 .8
10,000 | 3.0] S.2| S.h] 9.%| 9.8 5.8] 5.9 5.8
20,000 | 2.1 | L.1| L4.3] L.b| LS| k3] L9 L9
EO.Q-DD l-ll Et? 2-5' 3-':' _1:2 31-";1 3.’3» 3--5
53,000 | 1.2| 2.4 2.6 2.T| 2.%]| 3.3] 3.5| 3.5
form 5-2
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DEPARTMENT OF THE ARMY CORPS OF EHEIHEI!E
STORM STUDIES — ISOHYETAL MAP
Storm of 17-13 September 1926 Assignmant _ME 4-24

5|u|:|,- Pr;pu-rud by: Omahn, Hobr, District — =
—_— Miseourd River Uiwislop =

|
Storm Pwrlod_g4 hours
from__2 AM Sept, 17 SCALE
to 8 AM Sept. 19 1,000,000
Rotptam Prafiction
s MASS HQINF&LL CURVES . B
- 5:: | | Ttem[#3 240" 'I I
[ Boydgn, Iaq 24.07
i F | [ |
E E | {,’ |
s - | Ulr—1T=—T— | 11} Ia. 16.0" .
E [ 1 /‘r — 1 1 |
i - I
- | iy
10 i
i E F
LB L F / -~
3 - ' S ok i Kt Sioug City, Im. [3.4"
i - | - | (Recorddr) .
8 o, B W, R e | s = il—|—lh—ﬁ—
m_r e —

Appendix F: Figure F.153 and Figure F.154: Total storm isohyetal analysis and mass curve chart for
Boyden, IA September 17, 1926
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Neosho Falls, KS, AWA 61

September 12, 1926
Storm Type: MCC
Grid Points Used: 1-4, 8-11, 16-18
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|Surrm Name: USACE SW 2-1-Neosha Falls, KS
[Storm Date: 11-Sep-1926 Storm Adjustment for ANO Grid Point 1
|AWA Analvsis Date: :12/16/2013
Temporal Transposition Date 25-Aug
Lat Long Moisture Inflow Direction SSE@ 475  miles
Storm Center Location 38.08N 9570 W Grid Point Elevation 350 feet
Storm Rep Dew Point Location 3135N 93.80 W Storm Center Elevation 1,000 feet
Transposition Dew Point Location  36.00 N 20.58 W Storm Rep Analysis Duration 6 hours
Grid Point Location 3531N 9323 W
The storm representative dew pointis  75.0F with total precipitable water above sea level of 285  inches.
The in-place maximum dew pointis  80.5F with total precipitable water above sea level of 3.68  inches.
The transpositioned maximum dew pointis  TO.5F with total precipitable water above sea level of 352  inches.
The in-place storm elevationis 1,000 which subtracts 0.25 inches of precipitable water at 75.0F
The in-place storm elevationis 1,000 which subtracts 0.28 inches of precipitable water at 80.5F
The transposition basin elevation at 350 which subtracts 0.29 inches of precipitable water at T9.5F
The Grid point/inflow barmer heightis 1,000 which subtracts 0.29 inches of precipitable water at 79.5F
The in-place storm maximization factoris 131 Notes: DAD values taken from USACE W 2-1. Storm
The transposition/elevation to basin factoris 0.95 representative dew point value was based on maximum 6-hr
The bartrier adjustment factoris 1.00 Td values between September 1, 1926 at WBAN 93836 and
12945.
The total adjustment factoris 1.24
|Observed Storm Depth-Area-Duration
6 Hours 12Hours | 18Hours { 24 Hows | 30 Hours | 36 Hows | 48 Hours | 60 Houwrs | 72 Hours
1 sg miles 13.6 138 14.0 14.0 14.0 14.0 14.0 14.0 14.0
10 sg miles 13.4 13.7 13.9 13.0 13.0 13.0 13.0 13.0 13.0
100 sqg miles 122 12.5 12.7 12.7 12.7 12.7 12.7 12.7 12.7
200 sq miles 11.4 11.7 11.9 12.0 12.0 12.0 12.0 12.0 12.0
300 sq miles 9.5 10.0 10.2 10.2 10.2 10.2 10.2 10.2 10.2
1000 sq miles 7.9 8.5 8.8 8.8 8.8 8.8 8.8 8.8 8.8
2000 sq miles 6.4 7.1 7.3 7.3 7.3 7.3 7.3 7.3 7.3
3000 sq miles 4.3 5.1 5.3 5.3 5.3 5.3 5.3 5.5 5.5
10000 sq miles 2.9 3.8 3.9 4.0 4.0 4.0 4.2 4.3 4.4
20000 sg miles 1.7 2.6 2.7 2.8 2.8 2.8 2.9 3.3 3.5
Adjusted Storm Depth-Area-Duration
6 Hours 12Howrs | 18Hours ! 24 Hows | 30 Hours | 36 Howrs : 48 Hours | 60 Hours @ 72 Hours
1 sg miles 16.9 17.1 174 17.4 174 17.4 17.4 17.4 17.4
10 sq miles 16.6 17.0 17.3 17.3 17.3 17.3 17.3 17.3 17.3
100 sqg miles 152 15.5 15.8 15.8 15.8 15.8 15.8 15.8 15.8
200 sq miles 14.2 14.5 14.8 14.9 14.9 14.9 14.9 14.9 14.9
300 sq miles 11.8 12.4 12.7 12.7 12.7 12.7 12.7 12.7 2.7
1000 sg miles 9.8 10.6 10.9 10.9 10.9 10.9 10.9 10.9 10.9
2000 sq miles 8.0 8.8 9.1 9.1 9.1 2.1 9.1 9.1 9.1
5000 sq miles 5.3 6.3 6.6 6.6 6.6 6.6 6.6 6.8 6.8
10000 sq miles 3.6 4.7 4.8 5.0 5.0 5.0 5.2 5.3 5.5
20000 sq miles 21 3.2 34 3.5 35 3.5 3.6 4.1 4.3
Storm or Storm Center Name USACE SW 2-1-Neosha Falls, K5
Storm Date(s) 91126
Storm Type MCC-Thunderstorm Complex
Storm Location 808N 95.70W
Storm Center Elevation 1.000
|Precipitation Total & Duration 14.00 Inches 18-hours
Storm Representative Dewpoint 150F 6
Storm Representative Dewpoint Location JL3FN 03.80 W Aug Sep
Maximum Dewpoinit 8035F 79.5 785
Moisture Inflow Vector SSE @ 473
Jin-place Maximization Factor 1.31
Temporal Transposition (Date) 23-Aug
Transposition Dewpoint Location 36.00 N 20.58 W Aug Sep
Transposition Maximum Dewpoint 195F 81 17
Transposition Adjustment Factor 0.95
Grid Point Elevation 350
|Highest Elevation in Basin 14,344
|inflow Barvier Height 1,000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.24

Appendix F: Table F.124: Storm spreadsheet for Neosho Falls, KS September 12, 1926
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WAR DEPARTMENT CORPS OF ENGINEERS, U.S. ARMY
STORM STUDIES - PERTINENT DATA SHEET

Storm of Sepbember 1l=156,1326
we MMy oot Assignment 8 W 2 = 1

Location Kans, Nebr., Iowa Ko.
Study Prepared by:
Soutlmestern Iivislon
Tulsa Matriet OfTice

Part I Reviewed by H. M. Sec. of
Weather Buresu, /5141
Part Il Approved by Office, Chief

of Enginesers for Distribution
of Factual Data, 65/5
Remarks: Center

near Heosho Falls, Kans,

Ot nam” |

T, TATION P
Preliminary Isohyetal map, in 1  sheet , scale 1 ¢ 2,500,000
Precipitation data and mass curves: (Number of Sheets)
Form 5001-C (Hourly precip. date). - _ _ .. . oooo.-- 8
Form 5001-B (24-hour * ) T — -
Form S001-D (= * . B e o &
Miscl, preclip, records, meteorvlegical dafa, efc. . oo oo oo 2
Form 5002 (Mess rainfall curves). . ____ _____________. 17
PART I

Final isohyetal maps, in 1 sheet , scale 1 & 1,000,000
Data and computation sheets:

Form S-10 (Data from mass rainfall curves) _ .. _______... 0
Form S-il (Depth-area deta from isohyetal map). .. .. 2
Furm 5-12 (Maximum depth-duration date). ..o coeeen—- &
Maximum duration-depth-area curves ..o oo e 1
Data relating to periods of maximum rainfall. - - o coc e 2
MAXIMUM MMGE DEPTH OF RAINFALL IN INCHES
Area in Sq. Mi. Duration of Rainfsll In Hours

6 | 12 | 38 | o | 30 | 36 | 18] 6ol 72| 96 |l
Max, Station. | 13e6| 1348 | 14e0 | 1sa0 | Uie0 | 1o | el | Wia0| U0 | e | W0
0 | .l 13.7| 13.9| 13.9| 13.9| 13.59| 13.9]| 13.9| 13.9| 13.9| 13.9

100 | 12,2 12,5 | 12.7 | 12.7| 12.7| 12.7| 12.7| 12.7| 12.7] 12.7| 12.7

200 | M.b| 11.7| 11.9 | 12,0 12,0 | 12.0| 1®.0| 12.0| 12.0| 22.0| 22,0

500 | 95| 10.0| 10.2 | 10.2] 10.2| 0.2 | 10.2| 0.2| W0.2] 10.L] 0.4

1,000 | 7.9| 8.5| 8.8 8.8| 8.8| 8.8| 8.8 &.8| 8.8 9.0! 9.0
2,000 6s Tel| Te3| Te3| Te3| Ted| TeB| ToB| Te3| 76| Teb
50000 | Le3| Sul| 5.3| 53| 5.3 E:! E:} 5.5| 55| 5.8| 5.8
10,000 | 29| 3.8 3.9| L.0| Luo 0 2| L.3| Loy 5.0/ 5.0
mlm 1‘-? 2-6 Ei? EIB EIB E.E E-g 513 5.5 M z.ﬁ
30,000 | 1.2| 2.0 | 2.1 | 2s2| 242 242 23| 2.8| 30| Lal| Le2

Appendix F: Table F.125: Depth-area-duration values for Neosho Falls, KS September 12, 1926
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WAR DEPARTMENT CORPS OF ENGINEERS, U S ARMY
ETD'HM STUDIES - ISOHYETAL MAP

Storm of ____ JSepltember [/~ Assignment SH 2-/
Study Prapared by: _R;»*'NJEG#E%T”: et

srern Divisions

L fw

SJuactbn City N . P

Storm Pariod //4 hours

trom_2 PM Sept /! SGALE
to_ 8 AM Sept 16 3,590,050
Frtynaenc Brsfestizn

MASS RAINFALL GURVES

TTTT

‘ |
|

|
Agns, (Ne) Ho"

1
¢
z = | — TP [ OV | | — Meesho_Fulls,
E 12 - il: T |
s - Mﬂ-nr Mo, 8 75"
g o F '= it 0 i j?_ ——2
£ o
g 4 357
< =
3 B
ﬂ L i
.E. & l’—;r-i

Appendix F: Figure F.155 and Figure F.156: Total storm isohyetal analysis and mass curve chart for
Neosho Falls, KS September 12, 1926
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Penrose, CO, AWA 62

June 2, 1921
Storm Type: MCC
Grid Points Used: 6,13, 15, 21
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[Storm Name: SPAS 1204 Penrose, CO
[Storm Date: 6/3-4/1921 Storm Adjustment for ANO Grid Point 6
|AWA Analvsis Date: :12/16/2013
Temporal Transposition Date 20-Jun
Lat Long Moisture Inflow Direction: SE @ 400 miles
Storm center location 3846 N 105.0TW (Grid Point Elevation 4,400 feet
Storm Rep dew point location 3425N  100.10W Storm Center Elevation 5,544 feet
Transposition dewpoint location 3635N 100,05 W Storm Rep Analysis Duration 6 hours
Grid Point location 34.50N 10400 W
The storm representative dew pointis  74.0F with total precipitable water above sealevel of 273 inches.
The in-place mamimum dew pointis  T9.5F with total precipitable water above sealevel of 352 inches.
The transpositioned maximum dew pointis  79.5F with total precipitable water above sealevel of 352 inches.
The in-place storm elevationis 5,544 which subtracts 1.14 inches of precipitable water at 740F
The in-place storm elevationis 5,544 which subtracts 1.38 inches of precipitable water at 79.5F
The transposition basin elevation at 4,400 which subtracts 1.14 inches of precipitable water at 79.5F
The Grid Point/Inflow barrier heightis 4,400 which subtracts 1.14 inches of precipitable water at 79.5F

The in-place storm maximization factor is 1.15 Notes: DAD values taken from SPAS 1294, Storm rep Td added
The transposition/elevation to basin factor is 1.11 7° to the USACE analyzed 12-hr persisting Td.
The barrier adjustment factor is 1.00
The total adjustment factor is 1.50
|Observed Storm Depth-Area-Durati
1 Hours 3 Hours 6 Hours 12Howrs : 18 Hours : 24 Howrs : 36 Howrs : 48 Howrs @ 72 Hours
1 sq miles 3.0 8.1 10.3 11.3 11.0 11.0 - - -
10 sg miles 3.0 8.1 10.3 11.3 11.0 11.9 - - -
100 sq miles 18 7.6 9.6 10.4 10.8 10.8 - - -
200 sq miles 2.7 7.3 9.3 10.0 10.3 10.3 - - -
300 sq miles 2.6 7.0 8.9 9.8 10.0 10.0 - - -
1000 sq miles 24 6.7 8.4 9.2 9.7 9.7 - - -
2000 sq miles 22 6.1 7.7 8.4 8.9 8.9 - - -
3000 sq miles 1.6 5.0 6.2 6.8 7.1 7.1 - - -
10000 sq miles 12 4.0 5.0 5.5 5.8 58 - - -
20000 sg miles 1.1 2.9 4.1 4.4 4.5 4.5 - - -
Adjusted Storm Depth-Area-Duration
1 Hours 3 Hours 6 Hours 12Howrs : 18 Hours | 24 Howrs : 36 Hours ;| 48 Howrs : 72 Hours
1 sq miles 4.5 12.2 15.3 16.9 17.8 17.8 - - -
10 sg miles 4.5 12.2 15.3 16.9 17.8 17.8 - - -
100 sq miles 4.1 11.3 14.3 15.6 16.2 16.2 - - -
200 sq miles 4.0 11.0 13.9 15.0 15.4 15.4 - - -
300 sq miles 3.8 10.5 13.3 14.6 15.0 15.0 - - -
1000 sg miles 37 10.0 12.6 13.8 14.5 14.5 - - -
2000 sq miles 33 2.1 11.5 11.6 133 13.3 - - -
5000 sq miles 24 7.4 0.2 10.2 10.7 10.7 - - -
10000 sq miles 18 6.0 7.4 8.2 8.6 8.6 - - -
20000 sq miles 1.7 4.3 6.1 6.6 6.8 6.8 - - -
Storm or Storm Center Name SPAS 1294 Penrose, CO
Storm Date(s) 6/3-4/1921
Storm Type Convective
Storm Location 3B46N 105.07W
Storm Center Elevation 3,544
|Precipitation Total & Duration 12.20 Inches 18-hours
Storm Representative Dewpoint T4OF 6 June July
Storm Bepresentative Dewpoint Location MAN 100,10 W o 813
Maximum Dewpoitit 193F
Moisture Inflow Vector SE @ 400
|In-place Maximization Factor 1.35
Temporal Transposition (Date) 20-Tun June July
Transposition Dewpoint Location 3633N 100.03 W ikl 81
Transposition Maximum Dewpoint 193F
Transposition Adjustment Factor 1.11
(Grid Point Elevation 4400
|Eighest Elevation in Basin 14344
|inflow Barrier Height i
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.50

Appendix F: Table F.126:

Storm spreadsheet for Penrose, CO June 2, 1921
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SPAS 1294 - June 3 (1700 UTC) -June 4 (1700 UTC), 1921
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHE S)

Duration (hours)
Area (mi?) 1 2 3 4 5 3 12 18 24 Total
0.3 3.05 5.59 8.34 9.35 10.32 10.52 11.59 12.20 12.20 12.20
1 3.00 5.42 8.12 9.09 10.05 10.25 11.26 11.88 11.88 11.88
10 298 £ 42 8.12 9.09 10.05 10.25 11.26 11.88 11.88 11.88
25 290 £33 7.95 8.88 983 10.02 10.92 11.58 1158 11.58
50 284 £.19 776 8.68 9 61 980 10.58 10.81 10.81 10.81
100 275 509 7 58 8.45 938 9 55 10,40 10.81 10.81 10.81
150 272 499 7 40 8.25 915 9.33 10.22 10.80 10.80 10.80
200 270 490 7.32 8.21 9.07 9.26 10.00 10.31 10.31 10.31
300 265 484 7.23 8.10 8.95 9.13 9.92 10.30 10.30 10.30
400 260 478 713 8.00 8.82 9.00 9.85 10.30 10.30 10.30
500 257 472 7.03 7.89 8.70 8.87 9.77 10.03 10.03 10.03
1,000 244 448 6.65 749 8.26 §.43 9.20 967 967 9.67
2,000 223 403 6.08 6.82 753 767 8.41 8.89 8.89 5.89
5,000 163 3.33 4.96 556 6.14 6.15 6.34 7.14 7.14 7.14
10,000 1.22 269 3.98 447 492 497 5.49 576 576 576
20,000 112 215 288 3.60 3.97 405 439 453 453 453
63,927 0.62 114 1.70 1.91 210 215 2.36 249 2.49 249

Appendix F: Table F.127: Depth-area-duration values for Penrose, CO June 2, 1921

SPAS #1251 DAD Curves Zone 1
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Appendix F: Figure F.157: Depth-area-duration chart for Penrose, CO June 2, 1921
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Incremental Precipitation (inches)

SPAS 1294 Storm Center Mass Curve: Zone 1
June 3 (1700 UTC) - June 4 (1700 UTC), 1921
Lat: 386 4638 Lon:-105.0705

A ncrermental

— Aoy rmulated

Index Hour

Accumulated Precipitation (inches)

Appendix F: Figure F.158: Mass curve chart for Penrose, CO June 2, 1921
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Appendix F: Figure F.159: Total storm isohyetal analysis for Penrose, CO June 2, 1921
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Meek, NM, AWA 63

September 15, 1919
Storm Type: Frontal
Grid Points Used: 6,13
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|St|rrm Name: Meek, NM USACE GM 5-15B
[Storm Date: 9/15-17/1919 Storm Adjustment for ANO Grid Point 6
|AWA Analvsis Date: :12/16/2013
Temporal Transposition Date 1-Sep
Lat Long Moisture Inflow Direction: ESE @ 400 miles
Storm center location 368N 10518W (Grid Point Elevation 4,400 feet
Storm Rep dew point location 3130N 98.90'W Storm Center Elevation 5224 feet
Transposition dewpoint location 3816 N 8745W Storm Rep Analysis Duration 24 hours
Grid Point location 34.50N 10400 W
The storm representative dew pointis  74.0F with total precipitable water above sealevel of 273 inches.
The in-place mamimum dew pointis  T8SF with total precipitable water above sealevel of 337  inches.
The transpositioned maximum dew pointis  78.0F with total precipitable water above sealevel of 329  inches.
The in-place storm elevationis 5224 which subtracts 109 inches of precipitable water at 740F
The in-place storm elevationis 5224 which subtracts 1.28 inches of precipitable water at 785F
The transposition basin elevation at 4,400 which subtracts 109 inches of precipitable water at 78.0F
The Grid Point/Inflow barrier height is XX which subtracts 1.09 inches of precipitable water at 78.0F

The in-place storm maximization factor is 1.27 Motes: DAD values taken from GM 3-13B. Added 2°F to
The transposition/elevation to basin factor is 1.06 USACE storm rep to convert of average maximum Td climatology.
The barrier adjustment factor is 1.00
The total adjustment factor is 1.34
|Observed Storm Depth-Area-Durati

6 Hours 12 Hours 18Hours : M4 Hows | 30 Hours ;| 36 Howrs | 48 Hours : 60 Houwrs | 72 Hours

1 =q miles - - - - - - - - -

10 =g miles 38 4.5 6.2 7.4 8.5 9.1 9.5 9.5 -

100 =g miles 32 42 51 6.4 7.3 7.9 8.3 8.3 -

200 =q miles 3.0 41 4.7 6.0 6.9 7.5 7.9 7.9 -

300 =g miles 2.7 is 43 54 6.3 7.0 7.3 7.3 -

1000 sg miles 2.5 34 4.0 5.0 5.8 6.5 6.9 6.9 -

2000 sq miles 22 3l 36 4.6 5.4 6.0 6.5 6.5 -

3000 sq miles 1.9 2.7 a2 4.0 4.8 53 5.9 6.0 -

10000 sg miles 1.6 2.4 2.9 3.6 4.3 4.8 5.5 5.6 -

20000 sg miles 1.2 2.0 2.5 3.1 3.8 4.3 5.1 5.2 -

Adjusted Storm Depth-Area-Duration

6 Hours 12 Hours 18Hours | 24 Hows : 30 Hours ;| 36 Howrs ;| 48 Howrs | 60 Howrs | 72 Hours

1 5q miles - - - - - - - - -

10 sq miles 5.1 6.0 83 2.9 11.4 12.2 127 12.7 -

100 sg miles 4.3 5.6 6.8 8.6 9.8 10.6 11.1 11.1 -

200 sq miles 4.0 5.5 6.3 8.0 9.3 10.1 10.6 10.6 -

300 sg miles a6 51 5.8 7.2 8.5 9.4 9.8 9.8 -

1000 sg miles 34 4.6 5.4 6.7 7.8 8.7 9.3 9.3 -

2000 sq miles 3.0 42 4.8 6.2 7.2 8.0 8.7 8.7 -

5000 sq miles 2.5 X 43 54 6.4 7.1 7.9 8.0 -

10000 sq miles 21 32 3.9 4.8 5.8 6.4 7.4 7.5 -

20000 sq miles 1.7 2.7 34 4.2 5.1 5.8 6.8 7.0 -

Storm or Storm Center Name

Meek, NM USACE GM 5-15B

Storm Date(s) 9/13-17/1919

Storm Type Synoptic

Storm Location 368N 105.18 W
Storm Center Elevation 3224

|Precipitation Total & Duration 9.50 Inches 34-hours

Storm Representative Dewpoint T40F 24 ABL FTW, OKC, SAT, GBK
Storm Bepresentative Dewpoint Location 3L30N 0800 W

Maximum Dewpoitit J83F

Moisture Inflow Vector ESE @ 400 Aug Sept
|In-place Maximization Factor 127 9 76.3
Temporal Transposition (Date) 1-Sep

Transposition Dewpoint Location 3816 N 8745 W

Transposition Maximum Dewpoint 180F

Transposition Adjustment Factor 1.06

(Grid Point Elevation 4400
|Eighest Elevation in Basin 14344
|infiow Barrier Height R

Elevation Adjustment Factor 1.00

Total Adjustment Factor 1.34

Appendix F: Table F.128:
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_

WAR DEPARTMENT CORPS OF ENGINEERS, U. 5. ARMY
STORM STUDIES - PERTINENT DATA SHEET
. Storm of Beptsmber 15-17, 1919
e VMY T T e Assignment GM 5 -15 B

Location Hew Mexico and Texas

Study Prepared by:
Boutlestern Mviaiom

Galveatom Matriot Office

Part I Reviewed by H.M. Sec. of

YWeather Bureau, 5
Part IL Approved by Office, Chief
.55 of Englneers for Distribution
~LEGEND- of Factual lel, yﬂﬂ&h
p=e=y Ares coversd by Remarks: Cemters at ;
baeet Tinal wtal
Ares mld;“ Meok, N.Mex,, & Ramero, Tex,
Samenlsahret.” | 0CATION MAP
DATA AND COMPUTATIONS COMPILED
PART I
Preliminary isohyetal map,in 2  sheet , scale 1 ¢ 1,000,000
Precipitation data and mass curves: (Numbar of Shests)
Form 5001-C (Hourly precip. date)__ ___ _ _ _______________ 12
Form 500i-B (24-hour * o ) ———— 55
Form 5001-D(* * ™ Y i s it -
Miscl. precip. records, meteorclogical data, etc._ . _ ___________ 1
Form 5002 (Mass rainfall curves)_ _ __._ . ____ _____ ____.. 39
PART I

Final isohyetal maps,in 1 sheet , 3cale 1 ¢ 1,000,000
Data and computation sheets:

Form 5-10 (Data from mass rainfall curves) . _ . ____. 3
Form S~ (Depth-area data from isohyetal map) - - _. 2
Form 5-12 (Maximum depth-duration data)._______________ n
Maximum duration-depth-area curves_ __ __ _____________. 1
Data relating to periods of maximum rainfall_______.______ 3
MAXIMUM _AVERAGE DEPTH OF RAINFALL IN INCHES

Area in Sgq. Mi. _Duration of Rainfall in Hours

6 (12 | 28 | 2 | %0 | 36 [ LB | S
Max, Statlon |La0 |Le6 |6e5 | 77 | BaB | Suli | 9.8 | 5.8
10 |38 |LuS |5e2 | Tolk | Be5 | 9ul | 9a5 | 945
100 | 3.2 |Le2 5.1 |6adt | Te3 | 729 | Bu3 | Bo3
200 | 3.0 L.l | LT | &.0 .9 | TaS | 749 | 749
500 | 2.7 |3eB | Lad | Salt | 53 | TaD | Ta3 | T3
1,000 | 2,5 |3eli [La0 | 540 | 5.8 | 645 | 6.9 | 69
2,000 |2.2 | 3.1 |3.6 6 | Sl | 64D | Eu5 | &5
5,000 |19 | 2.7 |32 |La0 | LuB E:g 5.9 | 640
L3

10,000 |1.6 |2.4 |29 | 3.6 |Le3 545 | 546
20,000 |13 |2.0 2.5 | 3.1 | 3.8 5.1 | 5.2
1,000 |1.0 |17 |2.2 |2.7 | 3.4 | 3.8 |LaT | LaB

50,000 |09 |16 | 21 | 2.6 | 5342 | 3a L6 | L

Appendix F: Table F.129: Depth-area-duration values for Meek, NM September 15, 1919
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WAR DEP NI CORPS OF ENGINEERS, U 5. amuY
STORM STUDIES - ISOHYETAL MAP

Storm of __ Saprember /5-/7 /9/9 Asslgnmeni G 5458
Study Prepared by: _Qadesfon Jexas District
e Southwestern Divsion

\ﬂ
Storm Period_54  hours
from___/ AM Seoiember /3. GilE
to___7AM Scotember (7 5T
Polyaasle Prejrere
o MASS_RAINFALL GURVES | ~
= T [Mcck, ¥ Mex, 4,767 | -
g - .r i Cﬂmiwfn:f M bex 8 85" ‘
g = ff |
= o
z = b ]
2 oF /:r Tex,6 2° |
B of / ey ' L —
g E 7 ; f Roswell N Mex., 4921 |
é 5 - [ I' P  Recorpler) . |
£k 78 - |
& b M r | -
E g - 1 ] 7 rd . | >
3 Y , |
3 - i
3 a - _;:f-" i | I | L 1 | i
; fsa"'m EF B g 5P %A |, EF 1) ©F I 7] 26 [

Appendix F: Figure F.160 and Figure F.161: Total storm isohyetal analysis and mass curve chart for
Meek, NM September 15, 1919
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Clayton, NM, AWA 64
April 29, 1914
Storm Type: Frontal
Grid Points Used: 5-6, 12-13
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Storm Name: Clayton, NM USACE SW 1-16
Storm Date: 4/29.5/2/1014 Storm Adjustment for ANO Grid Point 6
AWA Analvsis Date: ;12/21/2013
Temporal Transposition Date 15-May
Lat Long Moisture Inflow Direction: SS5E@ 560  miles
Storm center location 3633N 103 10W (Grid Point Elevation 4,400 feat
Storm Rep dew point location 2880N 0055 W Storm Center Flevation 4,719 feet
Transposition dewpoint location 2640N 10026 W Storm Rep Analysis Duration 24 hours
Grid Point location 3450N 10400 W
The storm representative dew pointis JLOF with total precipitable water above sea level of 236  inches.
The in-place maximum dew pointis  76.5F with total precipitable water above sea level of 3.07  inches.
The transpositioned maximum dew pointis  76.5F with total precipitable water above sea level of 3.07  inches.
The in-place storm elevationis 4,719 which subtracts 0.90 iiches of precipitable water at 71.0F
The in-place storm elevationis 4,719 which subtracts 109 inches of precipitable water at T6.5F
The transposition basin elevationat 4,400 which subtracts 1.04 inches of precipitable water at T6.5F
The Grid Point/Inflow barrier heightis 4,400 which subtracts 1.04 inches of precipitable water at 76.5F

The in-place storm maximization factor is 1.35 Notes: DAD values taken from W 1-16. Added 2°F to USACE
The transposition/elevation to basin factor is 103 storm rep to convert ot average maximum Td climatology.
The barrier adjustment factor is L.00
The total adjustment factor is 1.39
'Observed Storm Depth-Area-Duration
6 Hours 12 Hours 18 Hours 24 Hours | 30Hours | 36 Hours ;| 48 Hours | 60 Hours | 72 Howrs
1 sq miles - - - - - - - - -
10 sg miles 5.3 6.8 8.6 9.0 9.0 9.0 9.6 9.6 -
100 sq miles 4.8 6.7 8.2 8.8 8.0 8.0 0.4 0.4 -
200 sq miles 4.6 6.5 8.0 8.7 8.8 8.8 9.3 9.3 -
300 sg miles 4.2 6.2 7.8 8.3 8.5 8.5 9.0 9.0 -
1000 sq miles 3.0 5.8 7.4 7.9 8.2 8.2 8.7 8.7 -
2000 sq miles 35 5.0 6.7 7.2 7.6 7.6 8.1 8.1 -
3000 sq miles 2.0 3.8 5.4 6.2 6.6 6.8 7.3 7.3 -
10000 sq miles 2.0 3.0 4.5 5.2 5.8 6.0 6.5 6.5 -
20000 sg miles 1.4 2.3 3.5 4.2 4.9 5.1 5.6 5.6 -
Adjusted Storm Depth-Area-Duration
6 Hours 12 Hours 18 Howrs | 24 Howrs | 30Howrs | 36Hours | 48 Hours | 60 Hours : 72 Hours
1 sq miles - - - - - - - - -
10 sq miles 74 9.4 11.9 125 12.5 12.5 13.3 133 -
100 sq miles 6.7 9.3 11.4 122 12.3 12.3 13.0 13.0 -
200 sq miles 6.4 9.0 11.1 111 122 12.2 12.0 12.9 -
300 sqg miles 58 8.6 10.8 11.5 11.8 11.8 12.5 12.5 -
1000 sq miles 5.4 8.0 10.3 11.0 11.4 11.4 12.1 12.1 -
2000 sq miles 4.9 6.9 9.3 10.0 10.5 10.5 11.2 11.2 -
3000 sq miles 2.8 5.3 7.5 8.6 9.2 9.4 10.1 10.1 -
10000 sq miles 18 4.2 6.2 7.2 8.0 8.3 9.0 9.0 -
20000 sg miles 1.9 32 4.9 5.8 6.8 7.1 7.8 7.8 -
Storm or Storm Center Name Clayton, NM USACE SW 1-16
Storm Date(s) 4/29-5/2/1914
Storm Type Synoptic
Storm Location 3633 N 103.10 W
Storm Center Elevation 4719
Precipitation Total & Duration 0.60 Inches 66-hours
Storm Representative Dewpoint J10F 24 SAT.DRT, CRP
Storm Representative Dewpoint Location 28.30N 053w
Mazimum Dewpoint J65F
Moisture Inflow Vector SSE @ 360 Aug Sept
In-place Maximization Factor 1.35 ikl 76.5
Temporal Transposition (Date) 15-May
Transposition Dewpoint Location 640N 10026 W
Transposition Maximum Dewpoint J63F
Transposition Adjustment Factor 1.03
(irid Point Elevation 4,400
Highest Elevation in Basin 14 344
Inflow Barrier Height 4.400
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.29

Appendix F: Table F.130:
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WAR_DEPARTMENT CORPS_OF ENGINEERS, U. 5. ARMY

STORM STUDIES - PERTINENT DATA SHEET
T Storm of April 29, =My 2,191l
Assignment 3 W 1 - 16
Location ¥ kex., Colo., & Ean,
Study Prepared by:
Soutiwestern IMvision
Altuguerque Dlestriet Office

Part I Reviewed by H. M. Sec. of
Weather Bureau, 5/7/LL

Part I Approved by Office, Chief
of Engineers for Distribution
of Factual Data, 10/6/)

Remarks: Centers at)

Clayton, Flsssant View, and

Kara Viss, New Mexioco

IONS COMPI
PART I
Preliminary isohyetal map,in 1 shest , scale 1, 2,500,000
Precipitation data and mass curves: (Numbar of Sheets)
Form 5001-C (Hourly precip. daf)__ . _________________ AT 7
Form 500(-8 (24-howur * R L e 57
Form 5001-D(* * * e e R -
Miscl. precip. records, meteorological data, etc.. . _____ —— -
Form 5002 (Mass rainfall curves). . - __ . ______ R
PART JI

Final isohyetal maps, in 1 sheet , scale 1 ¢ 1,000,000

Data and computation sheets:
Form S-10 (Data from mass rainfall curves). . ...
Form S-11 (Depth-area data from isohyetal map) .-
Farm S-12 (Maximum depth-duration data)________________
Maximum duration=-depth-area curves___________________
Data relating to periods of maximum rainfall___ . ______

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES
Area in 5g. Mi, Duratien of Raimfall In Hours
6 [ 1] w[eah[ ] 3]Le] é]| &
l'i-! Gul | Balh | 940 |90 | 9.0 | 948 | 9.6
8 (6.7 |8.2 |B.8 |85 | 8.9 | 9.4 | 9.4 | 9uls
L6
L2

L el

6;5 B-ﬂ B-? B-B BIE 9-3 g‘t} 9!}
G2 | TeB |Bad | B4s5 | 85 | 940 | 940 | 9.0

3415

000 |39 |5.8 |Taly |79 | 8.2 | B2 | 847 | BaT | Ba7
2,000 |35 |5.0 |67 |7-2 |7.6 7.6 |B.1 |B.1 | 8.1
E.m Ella 3‘!5 lh 5}2 ﬁ}& 6‘-5 ?-3‘ T-} T-j
10,000 2.0 | 3.0 5 |5.2 |5.8 | 6.0 | 6.5 | 6.5 | B.5
0,000 |1 |23 |3.5 |Le2 | L9 E_.l 6 | 5.6 E.e
36,500 1.0 |1.8 |2.5 |3.3 |3.9 1 5 | L& &

Appendix F: Table F.131: Depth-area-duration values for Clayton, NM April 29, 1914
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WAR DEPARTMENT L
STORM STUDIES — ISOHYETAL MAP
Storm of April 29 - May 2, /9/4 Assignment_SH /-/6
Study Prepared by: N M st
Southwes il sion

—
Storm Perlod_56_ hours
from /2 N April 28
to__6AM Mey 2
10 MA RAINFALL QUEE& =
P = m,lrm m-lm [T § ]
. e ---.:mw:-.mz*né}g

™
TTTTTT T T T T[T 1
O L
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1 .
| L ! 1 | 1 | Iy T —

E=]
H ACCUMULATED PREGIPITATION 1N INCHES

i
al °
=

Appendix F: Figure F.162 and Figure F.163: Total storm isohyetal analysis and mass curve chart for
Clayton, NM April 29, 1914
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Cooper, MI, AWA 65

August 31, 1914
Storm Type: MCC
Grid Points Used: 8-10, 16-18
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Storm Name: USACE GL 2-16-Cooper, MI
Storm Date: Angust 31,1014 Storm Adjustment for ANO Grid Point 8
AWA Analysis Date: {12/16/2013
Temporal Transposition Date 16-Aug
Lat Long (Moisture Inflow Direction SW @ 235 miles
Storm Center Location 4238N B561W (Grid Point Elevation 1.200 feet
Storm Rep Dew Point Location 40.10N  BO.00W Storm Center Elevation 200 feet
Transposition Dew Point Location 40.45N 9599 W Storm Rep Analysis Duration 6 hours
Grid Point Location 37.50N  93.00 W
The storm representative dew pointis  75.0F with total precipitable water above sealevel of 2.85  inches.
The in-place maximum dew pointis  80.5F with total precipitable water above sealevel of 3.68  inches.
The transpositioned maximum dew pointis  81.0F with total precipitable water above sealevel of 3.76  inches.
The in-place storm elevation is 900 which subtracts ~ 0.23 inches of precipitable water at T5.0F
The in-place storm elevation is 900 which subtracts ~ 0.28 inches of precipitable water at 805F
The transposition storm elevation at 1,200 which subtracts ~ 0.30 inches of precipitable water at 81.0F
The Grid Point/inflow barrier heightis 1,000 which subtracts 0.320 inches of precipitable water at 81.0 F

The in-place maximization factor is 1.30 MNotes: DAD walues taken from USACE GL 2-16. Storm
The transposition factor is 1.02 representative dew point value was based on adding 7° to
The elevation bamier adjustment factor is 1.00 the USACE analysis using EPRI, Nebraska, and TRWD
guidance.
The total adjustment factor is 1.32
|Observed Storm Depth-Area-Durati
6 Hours | 12 Howrs 18 Hours 24 Howrs | 30 Howrs § 36 Hows | 48 Howrs | 60 Hows | 72 Hours
1 =g miles - - - - - - - - -
10 sgmilesi 121.6 - - - - - - - -
100 sq miles 11.3 - - - - - - - -
200 sq miles 10.0 - - - - - - - -
300 sq miles 7.6 - - - - - - - -
1000 sg miles 5.7 - - - - - - - -
5000 sq miles - - - - - - - - -
10000 sg miles - - - - - - - - _
20000 sq miles - - - - - - - - -
Adjusted Storm Depth-Area-Duration
6 Hours | 12 Hours 182 Hours 24 Hours : 30 Hours | 36 Hours | 48 Hours 60 Hours 72 Hours
1 sq miles - - - - - - - - -
10 sg miles 16.6 - - - - - - - -
100 sq miles 14.9 - - - - - - - -
200 sq miles 13.2 - - - - - - - -
300 sq miles 10.0 - - - - - - - -
1000 sg miles 7.5 - - - - - - - -
3000 sg miles - - - - - - - - -
10000 =g miles - - - - - - - - -
20000 sg miles - - - - - - - - -

Stomm or Storm Center Name

USACE GL 2-16-Cooper, MI

Storm Date(s) il-Aug-1914

Storm Type MCS

Stomm Location 4238 N 8361 W
Storm Center Elevation 200

|Precipitation Total & Duration (10 sg mi)

12.60 Inches 6-hours USACE GL 2-16

Storm Representative Dew Point T30F 6
Storm Representative Dew Point Location 40.10N 30.00 W
Maximum Dew Point 205F
Moisture Inflow Vector SW @235
|In-place Maximization Factor 1.30
Temporal Transposition (Date) 16-Aug
Transposition Dew Point Location 4045N 5.0 W
Transposition Maximum Dew Point 31.0F
Transposition Adjustment Factor 1.02
(Grid Point Elevation 1,200
|Highest Elevation in Basin 14 344
|nflow Barrier Height 1,000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.32

Appendix F: Table F.132: Storm spreadsheet for Cooper, MI August 31, 1914
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WAR DEPARTMENT CORPS OF ENGINEERS, U.S. ARMY

STORM STUDIES - PERTINENT DATA SHEE'IS‘ "

Storm of 31 Aug.-l Sept. 1914
oot il 'F'“'“ Assignment GL 2-16
Lecation Michigen

Study Prepared ?:
Great Loges Division

Milwaukes District Office and

Hydrometeorological Section of

rh‘?} FeRLoTEwed By H. M. Sec. of 1

Weather Bureau, 10/26/39

Part I Approved by Office, Chief
of Engineers for Distribution
of Factual Data, 10/26/46

-y Area covirad by : ] L
| final lnahystal map. Remarks Centert near

.
Lo
Coopar and Bloomingdale,

Area Inclobed by
& 3-inch (sohyar. LOCATION _MAP Mich.

« Exiropolata

AT COMPUTATIONS COMPI
PART I
Preliminary isohyetal rrilp, in 1 sheet ., scale 1 : 2,500,000
Precipitation data and mass curves: (Mumbar of Sheets)
Form 5001=C (Hourly precip. data)__ . ____ . _____.....
Form 5001-8 (24-hour * x )
Form 5001-D (" * = ) B T R . e
Miscl, precip. records, meteorclogical date, etc.__ ______ ——————
Form 5002 (Mass rainfall curves). e mmmea

EART I .

Final isohyetal maps,In 1 sheet , scale 1 1 1,000,000

Data and computation sheets:
Form S5-10 (Data from mass rainfall curves)_____________._
Form S-1l (Depth-area data from ischyetal map)__________._
Farm 5-12 (Maximum depth-duration date)_ ... _____
Maximum duration-depth-area curves. .. cccccccaaaao--
Data relating to perlods of maximum rainfall_____________

MAXIMUM AVERAGE DEPTH OF RAINFALL N _INCHES

-

= O] v

[ T TR T -

Area in 5. MI, Duration of Rainfall in Hours

&
1 |1z2.5
50 112.0
100 |1r.3
=20 |18.0
=500 | 7.6
B0O0 | 6.3
1,000 | 5.7

1,200 | 5.2 '

Form 5-2

Appendix F: Table F.133: Depth-area-duration values for Cooper, MI August 31, 1914
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WAR DEPARTMENT N ARMY
STORM STUDIES - ISOHYETAL MAP
Storm of _ Aug. 3l-fept. 1, 1904  Assignment GL 2-16

Study Prepored by: lilwnukes, flisc. [istrict
Great Lakes Division

Storm Pariod & hours
from_21l:30 PM 31 August
to_3130 AM 1 Septembar

MASS RAINFALL CURVES ~~

2.5
Sl v, . 0"
o S~ abomingdole, Midp, 10.4"
1]
7.5
Gonges, Mth,, 581"

ACCUNULATED PRECIFITATION IN IMCHES
=] o
Ellrrllllllll Frrryrrrey

g

Appendix F: Figure F.164 and Figure F.165: Total storm isohyetal analysis and mass curve chart for
Cooper, MI August 31, 1914
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Wagon Wheel, CO, AWA 66

October 3, 1911
Storm Type: Remnant Tropical
Grid Points Used: 22
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[Storm Name: SPAS 1107-San Juan Mims
|Storm Date: 10/4-6/1911 Storm Adjustment for ANO Grid Point 22
|AWA Analysis Date: :12/21/2013
Temporal Transposition Date 20-Sep
Lat Long Moisture Inflow Direction: SW@ 350  miles
Storm center location 37.66N 10694 W Grid Point Flevation 2871 feet
Storm Rep dew point location 3450N 111L60W Storm Center Flevation 12,500 feet
Transposition dewpoint location = 35.85N 111.25W Strom Rep Analysis Duration 9871 feet
(Grid Point location 30.00N  106.50 W
The storm representative dew pointis  68.0F with total precipitable water above sea level of 2.05  inches.
The in-place maximum dew pointis  74.0F with total precipitable water above sealevel of 2.73  inches.
The transpositioned maximum dew pointis  74.0F with total precipitable water above sea level of 2.73  inches.
The in-place storm elevationis 12,500 which subtracts 160 inches of precipitable water at 68.0F
The in-place storm elevationis 12,500 which subtracts ~ 2.03 inches of precipitable water at T40F
The transposition bamer elevationat 9,871 which subtracts  L77 inches of precipitable water at 740F
The Grid point‘inflow barrier heightis 9,871 which subtracts 1.77 inches of precipitable water at 74.0F
The in-place maximization factor is L50 [otes: Formally known as Gladstone, CO
The transposition factor is 137
Orographic Transposition Factor 1.00
The total adjustment factoris 2.06
Ohserved Storm Depth-Area-Duration .
1Howrs | 2 Hours 3 Hours 4Howrs : JHours i 6 Hours | 12 Howrs 36 Hours 48 Howrs | 72 Hours
10 sq miles 0.3 L0 24 2.6 2.7 1.8 4.8 6.9 7.1 7.2
100 sq miles 0.3 L0 1.7 L9 2.0 22 4.4 6.5 6.5 6.6
200 sq miles 0.3 L0 L6 17 1.8 22 4.2 6.3 6.3 6.3
300 sq miles 0.3 0.9 13 L6 1.8 2.0 3.8 58 5.8 5.9
1000 sq miles 0.3 0.8 13 14 1.6 1.7 33 52 53 54
2000 sq miles 0.3 0.6 11 1.2 1.4 1.4 2.8 4.6 4.7 4.9
3000 sq miles 0.3 0.6 0.8 L0 1.1 12 15 4.1 4.1 4.2
10000 sq miles 0.3 0.4 0.6 0.8 0.9 0.9 22 3.6 3.7 a7
20000 sq miles 0.2 0.4 0.4 0.5 0.6 0.7 18 19 2.9 3l
30000 sq miles 0.1 0.2 0.2 0.3 0.3 0.3 12 2.1 2.1 2.1
Adjusteded Storm Depth-Area-Duration
1Hours i 2Hours 3 Hours 4Hows | SHours | 6Hours | 12 Howrs | 24 Hours | 36 Hours | 48 Hours : 72 Hours
10 sq miles 0.6 21 4.9 5.4 5.6 5.7 0.8 13.7 14.1 14.5 14.7
100 sq miles 0.6 2.1 .6 3.9 4.1 4.6 8.9 12.3 13.3 13.3 13.5
200 sq miles 0.6 21 33 3.6 3.8 4.4 8.6 12.2 11.0 129 13.0
300 sq miles 0.6 1.8 2.8 34 a7 4.1 7.7 11.0 11.8 11.9 12.1
1000 sq miles 0.6 L6 pX 2.9 34 3.6 6.8 10.1 10.6 10.8 11.1
2000 sq miles 0.6 1.3 2.3 2.4 2.9 2.8 5.8 8.9 9.4 9.6 10.0
3000 sq miles 0.6 11 1.6 21 23 2.6 52 7.7 8.3 8.5 8.6
10000 sq miles 0.6 0.8 11 1.6 1.9 1.9 4.4 6.7 7.3 7.5 7.5
20000 sq miles 0.5 0.7 0.8 11 1.2 1.5 37 5.6 5.0 6.0 6.4
30000 sq miles 0.3 0.5 0.5 0.5 0.6 0.7 2.4 38 4.3 4.3 4.4

Storm or Storm Center Name

SPAS-1107-5an Juan Mins

Storm Date(s) 10/4-6/1911

Storm Type Tropical

Storm Location 3766 N 106.94 W
Storm Center Elevation 12,500 orographic

Precipitation Total & Duration (10 sq mi)

7.88 inches 72 hours (SPAS 1107 DAD)

Storm Representative Dewpoint 68.0F 4

Storm Representative Dewpoint Location MN 111.60 W
In-place Maximum Dewpoint T40F

Moisture Inflow Vector SW @ 350

In-place Maximization Factor

Temporal Transposition (Date) 20-Sep

Transposition Dewpoint Location 358N 1135w
Transposition Maximum Dewpoint T40F

Transposition Adjustment Factor

(Grid Point Elevation 9871

Highest Elevation in Basin 14344

Inflow Barrier Height 9,871

Elevation Adjustment Factor

Total Adjustment Factor 2.06

Appendix F: Table F.134:
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Storm 1107 - SW Colorado, SE Utah and NW New Mexico, Oct 3. 1911 (0600Z) - Oct 7. 1911 (0600Z)
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHE S)

Duration (hours)
Area (mi?) 1 2 3 4 5 G 12 18 24 36 43 72 96 Total
0.27 072 137 266 293 3.03 310 549 6.92 750 7.84 7.88 7.88 7.88 9.31
1 0.30 1.01 238 261 270 279 517 6.59 7.20 7.51 7.62 7.62 7.62 9.03
5 0.30 1.01 233 261 270 279 476 6.33 6.95 7.20 7.27 7.28 7.30 8.76
10 0.30 1.01 238 261 270 279 475 6.22 6.67 6.87 7.05 717 717 8.51
20 0.30 1.01 221 258 267 266 473 5.90 6.50 6.62 6.98 7.07 7.07 8.23
50 0.30 1.01 1.96 2.09 2.00 2.44 439 582 6.37 6.60 6.76 6.79 6.79 7.82
100 0.30 1.01 1.74 1.90 2.00 224 435 5.69 5.97 6.45 6.45 6.57 6.57 755
200 0.30 1.01 1.62 1.73 1.83 215 419 542 591 6.26 6.28 6.30 6.32 719
300 0.30 1.01 1.44 1.70 1.82 2.05 3.99 532 573 6.05 6.07 6.15 6.15 7.00
500 0.30 0.89 1.34 1.64 1.79 1.98 376 5.05 535 576 578 587 587 6.73
1000 0.30 0.78 1.28 1.41 1.63 1.74 3.32 4.46 4.89 517 525 5.38 5.38 6.31
2000 0.30 0.64 1.10 117 1.41 1.35 284 3.95 433 458 465 4.85 4.86 582
5000 0.29 0.55 0.78 1.04 1.14 1.24 251 3.39 376 4.05 414 4.18 4.18 5.05
10000 0.27 0.37 0.55 0.80 0.90 0.93 215 292 3.25 357 365 3.65 3.66 434
20000 0.22 0.36 0.41 0.54 057 073 1.78 2.40 270 2.89 291 313 313 3.50
50000 013 0.24 0.22 0.25 0.27 0.34 1.18 1.62 1.84 208 211 213 213 212
51059 013 0.24 0.33 0.42 0.51 0.60 1.16 1.60 1.82 2.06 2.09 2.09 2.09 2.12
Appendix F: Table F.135: Depth-area-duration values for Wagon Wheel, CO October 3, 1911
SPAS #1107DAD Curves - Zone #1 SW Mountains of W Colorado, and SE Utah and NW New Mexico
SW Colorado, SE Utah and NW New Mexico, Oct. 3 , 1911 (0600Z) - Oct. 7, 1911 (0600Z)
—— {-hour
100,000
‘r‘ . . D Z-hour
\}% " . D —— 3-hour
10,000 - \ e ; O —— t-hour
\\
L )‘\\ .". 1 ' U 5-hour
Mo
Y e W " O
AN —*— &-hour
1,000 1% v e o
— | ey
‘."‘E L L \ " | 2-hour
— L \ 4 Y O
g L )\\k \ . ) D —— 18-hour
z
100 A L K Yy ' = 24-hour
b Jl\\: L] ¥ O 36-hour
L "i = O
Ay 45-hour
10 1 9 ‘T L Ea ¥ £
o L 2 . D —#— T2-hour
S6-hour
1 ! + e —L t L t ¥ L t = O Totalstorm
0 2 4 6 8 1oL e

Maximum Average Depth of Precipitation (inches)

Appendix F: Figure F.166: Depth-area-duration for Wagon Wheel, CO October 3, 1911
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Precipitation {inches)

3.00 -

2.50

2.00

1.50 4

1.00 4

0.50 4

0.00 -

SPAS 1107 Storm Center Mass Curve: Storm 1107 - Mtns of SW Colorado,

— Incrementsl

— R cumulsted

SE Utah and NW New Mexico

DAD Zone 1: Southern Deserts
Oct 3, 1911 (0600 Z) - Oct 7, 1911 (0600 Z)
Lat: 37.6625 Lon: -106.9375

Appendix F: Figure F.167: Mass curve chart for Wagon Wheel, CO October 3, 1911
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Appendix F: Figure F.168: Total storm isohyetal analysis for Wagon Wheel, CO October 3, 1911
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Beaulieu, MN, AWA 67

July 18, 1909
Storm Type: MCC
Grid Points Used: 8-11, 16-18
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Storm Name: USACE- UMV 1-11A-Beaulieu, MN
Storm Date: 18 Jul-1909 Storm Adjustment for ANO Grid Point 8
AWA Analvsis Date: (12/16/2013
Temporal Transposition Date 15-Jul
Lat Long Moisture Inflow Direction SEW @ 29 miles
Storm Center Location 4730N 9590 W (Grid Point Elevation 1,200 feet
Storm Rep Dew Point Location 433N 0B08W Storm Center Flevation 1,300 feet
Transposition Dew Point Location 38.75N 0462 W Storm Rep Analysis Duration 6 hours
(Grid Point Location A750N 0300 W
The storm representative dew pointis  78.0F with total precipitable water above sealevel of 3.29  inches.
The in-place maximum dew pointis 81.5F with total precipitable water above sealevel of 3.84  inches.
The transpositioned maxmum dew pointis  82.5F with total precipitable water above sealevel of 3.98  inches.
The in-place storm elevationis 1,300 which subtracts 0.36 inches of precipitable water at 78.0F
The in-place storm elevationis 1,300 which subtracts 0.40 inches of precipitable water at 815F
The transposition basin elevationat 1,200 which subtracts 0.32 inches of precipitable water at 825F
The Grid Point/ Inflow barrier heizhtis 1,000 which subtracts 0.32 inches of precipitable water at 82.5F

The in-place stonn maximization factor is 1.17 Notes: DAD values taken from USACE UMV 1-11. Added
The transposition/elevation to basin factor is 1.06 7% to USACE storm rep analyzed Td based on guidance
The barrier adjustment factor is 1.00 from EPEI, Nebraska, and TRWD.
The total adjustment factor is 1.25
|Observed Storm Depth-Area Duration
6 Hours 12 Hours 18 Hours M Hours ;| 30Hours | 36 Hours | 48 Hours ;| 60 Howrs ;| 72 Howrs
10 sg miles 10.5 10.7 10.8 11.5 11.7 11.8 11.8 12.0 12.1
100 sq miles 10.3 10.5 10.7 11.3 11.5 11.7 11.7 12.0 12.0
200 sq miles 10.1 10.4 10.5 11.1 113 11.5 11.5 11.8 11.8
500 sg miles 9.7 10.1 10.2 10.6 11.0 11.2 11.2 11.5 11.5
1000 sq miles 9.2 0.6 9.7 10.0 10.4 10.5 10.6 10.8 10.9
2000 sq miles 7.0 8.5 8.6 8.7 0.3 0.4 9.5 0.8 9.0
5000 sq miles 4.8 5.9 6.0 6.1 7.1 7.3 7.5 7.9 8.0
10000 =g miles - - - - - - - - -
20000 sq miles - - - - - - - - -
Adjusted Storm Depth-Area-Duration
6 Hours 12 Hours 18 Howrs | 24 Howrs : 30Hours | 36 Hours | 48 Hours | 60 Hours : 72 Howrs
10 sg miles 131 13.4 13.5 14.4 14.6 14.7 14.7 15.0 151
100 sq miles 129 131 134 141 14.4 14.6 14.6 15.0 15.0
200 sq miles 12.6 13.0 13.1 13,9 141 14.4 144 14.7 14.7
500 sg miles 12.1 12.6 12.7 13.2 13.7 14.0 14.0 144 14.4
1000 sq miles 11.5 12.0 12.1 12.5 13.0 13.1 13.2 13.5 13.6
2000 =q miles 9.9 10.6 10.7 10.9 11.6 1.7 119 12.2 12.4
3000 sq miles 6.0 T4 7.5 .6 3.9 2.1 2.4 9.9 10.0
10000 sg miles - - - - - - - - -
20000 sq miles - - - - - - - - -

Storm or Storm Center Name

USACE- UMV 1-11A-Beaulieu, MN

Storm Date(s) 18-Tul-1909

Storm Type MCC

Storm Location 4730N 03.90 W
Storm Center Elevation 1.300

|Precipitation Total & Duration

1320 Inches 72-hours USACE UMV 1-11

Storm Representative Dew Point J8.0F 6
Storm Representative Dew Point Location 4332N 98.08 W
Mazximum Dew Point 8135F
Moisture Inflow Vector S8SW @ 295
JIn-place Maximization Factor 1.17
Temporal Transposition (Date) 15-Tul
Transposition Dew Point Location 875N M62W
Transposition Maximum Dew Point 82.3F
Transposition Adjustment Factor 1.06
(Grid Point Elevation 1200
|Highest Elevation in Basin 14 344
[inflow Barrier Height 1,000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.25

Appendix F: Table F.136: Storm spreadsheet for Beaulieu, MN July 18, 1909
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QEPARTMENT OF THE ARMY CORPS _OF ENGINEERS
STORM STUDIES - PERTINENT DATA SHEET (mv.)
Storm of  18-23 July 1909
bt Assignment UMV 1-113{-1
Location Worthern Mipn, & Wie,
Study Prepared by:
Uppar Mississippl Valley
Divigion
5t. Paul Mstrict 0fice
Part I Reviewed by H. M. Sec, of
Weather Bureau, 5/7/30
Part II Approved by Office, Chief
of Englneers for Distribution
of Factual Data, 5/24/41
Remarks: FAainfall data only
for Beaulisu, Minn., center
Dewpt. 71° - Raf, Pt.300 S3W

LEGEWD
pe==3 Aree covered by
tooi Finel lchyatal map.
@ Ares intlssnd by

Z-inch '"""I“* LQE&TIOH MAP Grid A=15
. T, AN MPUTATIONS COMPI
PART I
Prelimirary ischyetal map, in 1 sheet , scale 1 § 1,000,000
Precipitation data and mass curves: (Number of Sheets)
Form 5001-C (Hourly preclp. date)__ _ _____ . _____. e &
Form S5001-B (24-hour * ) e ———— -
Form 5001-D (= =~ * R 8
Miscl. precip. records, meteorological date, ete. . ____________ 1
Form 5002 (Mass rainfell curves). ___ ____ _______________ 24
PART II

Final Ischyetal maps, in 1 sheet , 3cale 1 ., 1,000,000
Data and computation sheebs:

Form S-10 (Data from mass ralnfall curves)_ __ ... 4
Form S<Ii (Depth-area deta from isohyetal map)_-— ——__.— -—— 2
Furm S-12 (Maximum depth-duration data)_ . ______.__. g
Maximum duration=depth-ares curves____ . ________.____.__ )
Data relating to perlods of maximum rainfall_____________ 2
MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES
Area in Sq. MI. Duration of Rainfall In Hours

i la L 18 | 24 L 30 | 36 | 48 | G0 1 72 1 96 1208

10 | 0.5] 0.7 | 10.8] 11.5| 11.7| 11,8 11.8| 12.0| 1l2.1] 12.1 12.1
100 |10.3 | 0.6} 10.7| 11.3( 11.5| 11.7] 11.7| 12.0| 12.0| 12.0| 12.0
200 |10.1|10.4 | 10.5| 11.1( 11.3| 11.6| 11.56| 11.8| 11.68| 11.8| 11.8
500 9.7 | 10.1| 10.2| 10.€ | 10.9 | 11.2| 11.2| 11.4| 11.5] 11.6| 11,5
000 9.2 9.8| 9.,7| 10,0} 10.4| 10,8 10.6( 10.8| 10.9 | 10.9| 10.8
000 Tal | B.B| BeB| B.T| 3.3 9.4 9.5| 9.8B| 9.9 9.9 9.8
oo 4.8 6.9| 6.0) 6.1| 6.7 T7.0| T.2| T.9| 6.0| 8.1] 8.1

Appendix F: Table F.137: Depth-area-duration values for Beaulieu, MN July 18, 1909
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CEPARTMENT OF THE ARNY CORPS OF ENGINEERS
STORM STUDIES - ISOHYETAL MAP

Storm of — ﬁz é@ﬂ% Assignment (Y -1 (a
Study ' Fau! Minn.. ﬂf‘.:rr'?c[ ”
sSLssippl Velley Division

/8-2
by St
Lipper M,

MASS RAINFALL CURVES

-

L____|_Beeyiiou, Minn, 1./ __

ACCUNULETED PRECSPITATION W INCHES
]
1SRRI EARANARARENARAS RN

R e T

Appendix F: Figure F.169 and Figure F.170: Total storm isohyetal analysis and mass curve chart for
Beaulieu, MN July 18, 1909
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Ironwood, MI, AWA 68

July 21, 1909
Storm Type: Frontal
Grid Points Used:
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[Storm Name: USACE- UMV 1-11b-Ironwood, MI

Storm Date: 18 Jul-1909 Storm Adjustment for ANO Grid Point 8
AWA Analvsis Date: (12/16/2013
Temporal Transposition Date 15-Jul
Lat Long Moisture Inflow Direction SEW @ 27 miles
Storm Center Location 4645 N 90.18 W (Grid Point Elevation 1,200 feet
Storm Rep Dew Point Location 42.75N 0225W Storm Center Flevation 1,500 feet
Transposition Dew Point Location 39.02N 9450 W Storm Rep Analysis Duration 24 hours
(Grid Point Location A750N 0300 W
The storm representative dew pointis  72.0F with total precipitable water above sealevel of 247  inches.
The in-place maximum dew pointis  80.5F with total precipitable water above sealevel of 3.68  inches.
The transpositioned maxmum dew pointis  80.5F with total precipitable water above sealevel of 3.68  inches.
The in-place storm elevationis 1,500 which subtracts 0.34 inches of precipitable water at 72.0F
The in-place storm elevationis 1,500 which subtracts 0.44 inches of precipitable water at 805F
The transposition basin elevationat 1,200 which subtracts 0.30 inches of precipitable water at 805F
The Grid point/inflow barrier heizhtis 1,000 which subtracts 0.30 inches of precipitable water at 80.5F

The in-place stonn maximization factor is 1.50 Notes: DAD values taken from USACE UMV 1-11b. Added
The transposition/elevation to basin factor is 1.04 27 to USACE stomm rep analyzed Td based on guidance
The barrier adjustment factor is 1.00 from EPEI, Nebraska, and TRWD. In Place max factor held
to 1.30 based on HME. guidance, caleulated at 1.32.
The total adjustment factor is 1.56
|Observed Storm Depth-Area Duration
6 Hours 12 Hours 18 Hours M Hours ;| 30Hours | 36 Hours | 48 Hours ;| 60 Howrs ;| 72 Howrs
10 sg miles 52 6.3 6.7 9.6 11.1 11.7 12.1 12.8 13.2
100 sq miles 5.1 6.2 6.6 9.4 10.8 11.4 11.8 12.5 12.9
200 sq miles 4.6 6.0 6.3 9.0 10.5 11.1 11.5 12,1 12.5
500 sg miles 3.9 5.5 5.8 7.0 0.8 10.1 10.7 11.2 11.5
1000 sq miles 32 5.0 5.3 6.0 2.0 2.3 9.7 10.3 10.5
2000 sq miles 2.8 4.4 4.6 6.0 7.0 8.2 8.7 0.2 9.5
5000 sq miles 23 3.6 3.8 5.0 6.5 6.8 7.2 7.8 8.0
10000 =g miles 21 32 34 42 54 5.6 6.0 6.5 6.7
20000 sq miles - - - - - - - - -
Adjusted Storm Depth-Area-Duration
6 Hours 12 Hours 18 Howrs | 24 Howrs : 30Hours | 36 Hours | 48 Hours | 60 Hours : 72 Howrs
10 sg miles 8.1 0.9 10.5 15.0 174 18.3 18.0 20.0 20.7
100 sq miles 8.0 9.7 10.3 14.7 16.9 17.8 18.5 19.6 20.2
200 sq miles 7.2 0.4 9.0 14.1 16.4 17.4 18.0 18.9 19.6
500 sg miles 6.1 8.6 9.1 12.4 153 158 16.7 17.5 18.0
1000 sq miles 5.0 7.8 8.3 10.8 141 14.6 152 16.1 16.4
2000 =q miles 44 6.9 7.2 2.4 12.4 12.8 13.6 14.4 14.0
3000 sq miles 3.6 5.6 5.9 7.8 102 10.6 113 12.2 115
10000 sg miles 33 5.0 53 6.6 8.5 3.8 9.4 10.2 10.5
20000 sq miles - - - - - - - - -

Storm or Storm Center Name

USACE- UMV 1-11b-Ironwood, MI

Storm Date(s) 18-Tul-1909

Storm Type Synoptic

Storm Location 4645 N 00.18 W
Storm Center Elevation 1.500

|Precipitation Total & Duration

1320 Inches 72-hours USACE UMV 1-11b

Storm Representative Dewpoint J2.0F 24
Storm Representative Dewpoint Location 4273 N QAW
MManimum Dewpoint 805F

Moisture Inflow Vector SSW @210
JIn-place Maximization Factor 1.50

Temporal Transposition (Date) 15-Tul

Transposition Dewpoint Location 3002 N L30W
Transposition Maxmum Dewpoint 80.3F

Transposition Adjustment Factor 1.04

(Grid Point Elevation 1200
|Highest Elevation in Basin 14 344
[inflow Barrier Height 1,000

Elevation Adjustment Factor 1.00

Total Adjustment Factor 1.56

Appendix F: Table F.138:

Storm spreadsheet for [ronwood, MI July 21, 1909
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QEPARTMENT O The amwy —COPS_of EnomeEns
STORM STUDIES - PERTINENT DATA SHEET (=w.)
Storm of 16-23 July 1909
Assignment 1MV 1.-11- (b)
Location Northarn Minn. & Wis,
Study Prepared by:

Upper Missisaippd Valley
Division

St. Paul Digstrict Office

Part I Reviewed by H. M. Sec. of
Weather Bureau, 5/7/39
Part IL Approved by Office, Chief
of Engineers for Distribution
of Factual Data, 5/24/11
Remarks: Rainfall Data only
for Irormood, Mich, center

Dewpt., 70° - Ref, Pt., 275 S55W
v Orid B-12

Preliminary isohyetal map, in 1 sheet , scale 1; 1,000,000

Precipitation data and mass curves: (Mumber of Shests)
Ferm 5001-C (Hourly precip. data). . . - . oo ecceaaan L
Form 5001-B (24-hour " L -
Form 5001-D (" " - " e e —————— 8
Miscl, precip. records, meteorclogical data, ete.. - o c e e 1
Form 5002 {Mass rainfall curves). _ _ __ . ___ o ____ 2l

BART I
Final lsohyetal maps,in 1 sheet , scale 1: 1,000,000
Data and computation shasts:

Form 5-10 (Data Trom mass rainfall curves)_ __ ________.___ L
Form S5=i1 (Depth=area data from Ischyetal map)___________ 2
Form S-12 (Maximum depth-duration data)_ - .- - aco—_ 8
Maximum duration-depth-ares curves_ _ - oo ccccccana= 2
Data relating to perlods of maximum rainfell - - 2
MAXIMUM AVERAGE DEPTH -OF RAINFALL IN iHEHE
Area in S5q. Mi. Duration of Rainfell In Hw_f;_
6 |12 2, | 30 | 3 | 48 | 60 [ 72 | 96 |108
10 | 5.2 [6.3 9.6 |1l.1 [11.7 | 12.1 |12.8 | 13.2 | 13.2 | 132 |

9.4 (10,8 |11.L §11.8 |12.5 | 12.9 |12.9 | 12,9
9.0 |10,5 |11.1 |11.5 | 12,1 | 12.5 | 12.5 | 12.5
7.9 | 9.8 |10.1 |10.7 f11.2 |11.5 [11.5 [ 11.5
6,9 | 5.0 | 9.3 | 9.7 |10.3|10.5 | 10,5 | 10,5

00 | 5.1 |6.2
200 | L.6 |6.0
500 | 3.9 [5.5
1,@ 3-2 5'“

o o5

b ey A AT, O8O O
- =
£ oo O

2,000 | 2.8 |L.L 6.0 | 7.9 | B.2| B.7| 9.2| 9.5| 9.5| 9.5
5,000 | 2,3 [3.6 |3.8B |5.0 | 6.5| 6.B] 7.2 | 7.8| B.0| 8.0| 8.0
10,000 | 2.1 (3.2 |3 |L.2 | 5.5 | 5.6 | 6,0 6.5 | 6.7 | 6.9 | 6.9

Form 5-2

Appendix F: Table F.139: Depth-area-duration values for Ironwood, MI July 21, 1909
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DEPARTHMENT HF T ARMY w

[ STORM STUDIES - ISOHYETAL MAP

Storm of /8-23, /9 ____ Assignment UMV /11 (b)
A [
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ACCUMULATED PRECIPITATION IN I1NOHES
o
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Appendix F: Figure F.171 and Figure F.172: Total storm isohyetal analysis and mass curve chart for
Ironwood, MI July 21, 1909
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Meeker, OK, AWA 69

October 19, 1908
Storm Type: Frontal
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Storm Name: SW 1-11 Meeker, OK

Storm Date: 10/19-23/1908 Storm Adjustment for ANO Grid Point 1
AWA Analvsis Date: (12/16/2013
Temporal Transposition Date 5-Oct
Lat Long Moisture Inflow Direction SE @ 200 miles
Storm Center Location 550N S600W (Grid Point Elevation 350 feet
Storm Rep Dew Point Location 3343N  9445W Storm Center Elevation 200 feet
Transposition Dew Point Location 40.65N  80.883 W Storm Rep Analysis Duration 24 hours
(Grid Point Location 3531IN 0323 W
The storm representative dew pointis  68.0 F with total precipitable water above sealevel of 205  inches.
The in-place maximum dew pointis  75.5F with total precipitable water above sealevel of 292  inches.
The transpositioned mavimum dew pointis  72.5F with total precipitable water above sealevel of 2.54  inches.
The in-place storm elevation is 900 which subtracts 0.18 inches of precipitable water at 68.0F
The in-place storm elevation is 900 which subtracts 0.23 inches of precipitable water at 755F
The transposition basin elevation at 350 which subtracts 0.23 inches of precipitable water at T2.5F
The Grid point/inflow barrier heizhtis 1,000 which subtracts 0.23 inches of precipitable water at T2.5F

The in-place storm maximization factor is 1.44 Notes: DAD values taken from USACE 8W 1-11. Added
The transposition/elevation to basin factor is 0.86 2°F to the USACE storm rep Td to adjust the persisting Td
The barrier adjustment factoris 1.00 to the average Td climatology.
The total adjustment factoris 1.23
Ohserved Storm Depth-Area-Duration
6 Hours 12 Hours 18Hourzs | 2 Hours ;| 50Hows | 36Hours ;| 43 Hours | 60 Hourz | 72 Howrs
10 =g miles 9.4 10.0 10.0 114 11.8 12.0 14.5 14.9 15.2
100 =g miles 8.2 2.3 9.4 10.3 11.3 11.5 136 14.4 14.9
500 =g miles 7.1 8.4 8.5 9.2 10.5 10.7 13.2 13.8 14.2
1000 =g miles 6.3 7.5 7.7 8.6 9.9 10.2 12.7 133 13.7
2000 =g miles 5.5 6.6 6.8 7.8 9.0 9.4 11.9 125 12.9
5000 sq miles 4.4 5.4 5.7 6.6 7.6 8.2 10.5 113 1.7
10000 =q miles 3.5 4.5 4.8 5.6 6.4 7.1 9.2 10.0 10.6
20000 sg miles 2.7 3.6 3.9 4.6 5.3 5.9 7.7 8.6 9.0
Adjusted Storm Depth-Area-Duration
6 Hours 12 Hours 18Hours : 24 Howrs | 30 Hows | 36Hours | 48 Howrs @ 60 Hours | 72 Howrs
10 sg miles 11.6 12.3 123 14.1 14.5 14.8 17.9 18.4 18.7
100 sq miles 10.1 11.5 11.6 12.7 13.9 14.2 16.8 17.7 18.4
500 sg miles 8.8 10.4 10.5 11.3 12.9 13.2 16.3 17.0 17.5
1000 sq miles 7.8 2.2 9.5 10.6 12.2 12.6 15.7 16.4 16.9
2000 sq miles 6.8 8.1 8.4 9.6 11.1 11.6 14.7 154 15.9
3000 sq miles 5.4 6.7 7.0 8.1 9.4 10.1 2.9 13.9 14.4
10000 sq miles 4.3 5.5 5.9 6.9 7.9 8.8 113 12.3 13.1
20000 sq miles 3.3 4.4 4.8 5.7 6.5 7.3 9.5 10.6 11.1
Storm or Storm Center Name SW 1-11-Meeker, OK
Storm Date(s) 10/19-23/1208
Storm Type General Storm
Storm Location 35.50N 06.00 W
Storm Center Elevation 200
Precipitation Total & Duration (10 sg mi) 16.23 Inches in 126 hours, 11.4 in 24 hours
Storm Representative Td 68.0F 4
Storm Representative Td Location BN AW
In-place Maximum Td T35F
Moisture Inflow Vector SE @ 200
In-place Maxmization Factor 1.44
Temporal Transposition {Date) 5-Oct
Transposition Dewpoint Location 4065 N 89.88 W Sep Oct
Transposition Maximum Td 1235F 4 12
Transposition Adjustment Factor 0.86
Grid Point Elevation 350
Hizhest Elevation in Basin 14344
Inflow Barrier Heizht 1,000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.23

Appendix F: Table F.140: Storm spreadsheet for Meeker, OK October 19, 1908
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WAR DEPARTMENT CORPS OF ENGINEERS, U. S. ARMY

STORM STUDIES = PERTINENT DATA SHEET
: Storm of October 19-2L, 1908
' we,  MOAYE Tt ; Assignment S W 1 - 11
Location I:Ellf, Tﬂ-,‘:lt
Study Prepared by:
Southwestern Divieion
Tulsa District Office

Part I Reviewed by H. M. Sec. of
Yeather Bureau, 11=12-40
Part IL Approved by Office, Chief

of Engineera for Distribution
of Factual Data, T7-15-l5
Remarks: Canter ati

se=eq Ared covered by
i) finel mokyetal mep.

n
Ot LocATION MaP ——
DAT M M AT C ILED
PART I
Preliminary Isohyetal map, in 2 shests, scale 1:2,500,000
Precipitation data and mass curves: (Number of Sheets)
Form 5001-C (Hourly preclp. data). - _ - - oo imeeeann 22
Form 5001=8 (24-hour * N I -
Form 5001-D(* = * vl s A et S R 28
Miscl. precip. records, meteorological data, etc.__ ___ _ ________ -
Form 5002 (Mass rainfall curves)__ __ ___ __ ___ _ ____ _____. 35
PART I

Final isohyetal maps,in 1 sheet , scale 111,000,000
Data and computation sheefs:

Form S-10 (Dats from mass rainfall curves) __________.___ 10
Form S-11 (Depth-area data from isohyetal map). .- . . 2
Form S-12 {Maximum depth—duration date)._ . ______._____ 11
Maximum duration-depth-mrea curves_ _____ ... ____ S 1
Data relating to periods of maximum rainfall o . _______ 2

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES
Area in 5g. Mi. Duration of Rainfall in Hours
$ 112 126 24 |30 136 [ L6 160 [ 72 | 90

10 | 9.4 | 10,0| 10.0| 1.4 11.8| 12.0| 1L.5| 1L.9
100 | 8.2 Fa eyl 10.3( 11.3| 11.5{ 13.6 lh-g' .9 15.L| 15.9
3

3

%00 | 7.1 | 8.k 8.5] 9.2| 10.5| 10.7| 13.2] 13.
l,mﬂ ﬁi] ?15 ?-? E-E th 10-2 12-7 u-
2,000 E-E 6.6 6.8 7.8 9.0| 2.b4) 11,9 12.5 12.9| 13.3]| 13.7
5,000 | L. S.i| 5.7 6.6] 7.6] 8.2| 10.5( 11.3( 11.7| 12.1 H.E
10,000 | 3.5 LeS| LeB] 5.6| 64| Tal| 9.2| 10,00 10.6| 11.0| 11.4|
20,000 | 2.7 J.6] 3.9) Le6| B3| 5.9 7.7 8.6 5.0 9.6] 10.1
Eﬂ,m Ii&‘ 2¢L| 2-& J!h 3-3 h#} 5!6 542 6-'6 T-E E.L'I-h
80,000 | 1.0 1.7) 2.1 2.7| 3.0 3a.b) Lek| Ue9| Seli| 5.9 6.8

I

L
Form 5-2

s O - -1

Appendix F: Table F.141: Depth-area-duration values for Meeker, OK October 19, 1908
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WaR g“nﬂ!!u‘r CORPE OF EMGIMEERS U 5 ARMY
STORM STUDIES - ISOHYETAL MAP

Storm of Ocrober 19-24 /908 Assignment W/

Storm Peried (28 _hours
to ol 24

MASS RAINFALL GURVES

%« L I ] i 1
; ml | | Magiar, Okis /6. 23"
: |
S
S
8 -
s E
P :
o 1
= “ 20
rond -3¢ ..

Appendix F: Figure F.173 and Figure F.174: Total storm isohyetal analysis and mass curve chart for
Meeker, OK October 19, 1908
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Bonaparte, IA, AWA 70

June 10, 1905
Storm Type: MCC
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Storm Name: USACE UMV 2-5-Bonaparte, [A
Storm Date: June 9, 1005 Storm Adjustment for ANO Grid Point 2
AWA Analysis Date: :12/16/2013
Temporal Transposition Date 30-Jun
Lat Long Moisture Inflow Direction 5@ 155 miles
Storm Center Location 40.77TN 9L W (Grid Point Flevation 550 feet
Storm Rep Dew Point Location 385IN 91.81W Storm Center Flevation 1,500 feet
Transposition Dew Point Location 40.48N 9264 W Storm Rep Analysis Duration 12 hours
(Grid Point Location 3450N 9550 W
The storm representative dew pointis  77.0F with total precipitable water above sea level of 3.14  inches.
The in-place maximum dew pointis  80.0F with total precipitable water above sea level of 3.60  inches.
The transpositioned maximum dew pointis  80.0F with total precipitable water above sealevel of 3.60  inches.
The in-place storm elevationis 1,500 which subtracts 0.39 inches of precipitable water at T7.0F
The in-place storm elevationis 1,500 which subtracts 0.43 inches of precipitable water at 80.0F
The transposition storm elevation at 550 which subtracts 0.30 inches of precipitable water at 80.0F
The Grid Point/inflow barrier heightis 1,000 which subtracts 0.30 inches of precipitable water at 80.0F

The in-place maximization factor is 1.15 Notes: DAD values taken from USACE UMV 2-5. Added
The transposition factor is 1.04 7% to the USACE analyzed storm rep dew point based on
The elevation/barrier adjustment factor is 1.00 guidance from EPRI, Nebraska, TRWD.
The total adjustment factor is 1.20
|observed Storm Depth-Area Duration
1 Hours ;| 6 Hours 12 Hours 18 Hours | 24 Hours : 30 Hours | 36 Hours | 48 Hours | 60 Hours | 72 Hours
1 sq miles 2.0 10.2 12.1 - - - - - - -
10 sq miles 2.0 10.0 11.0 - - - - - - -
100 sq miles L9 0.2 11.5 - - - - - - -
200 sq miles 1.8 8.0 11.3 - - - - - - -
500 sq miles 18 8.5 10.7 - - - - - - -
1000 sq miles L7 8.0 10.0 - - - - - - -
2000 sq miles L6 7.2 9.1 - - - - - - -
3000 sq miles 1.3 5.8 7.3 - - - - - - -
10000 sq miles L0 4.4 5.6 - - - - - - -
20000 sg miles 0.7 3.0 3.9 - - - - - - -
Adjusted Storm Depth-Area-Duration
1 Hours : & Hours 12 Hours 18 Hours | 24 Hours | 30 Hours : 36 Hours | 48 Hours | 60 Hours | 72 Hours
1 sq miles 14 12.2 14.5 - - - - - - -
10 sq miles 24 11.0 144 - - - - - - -
100 sq miles 23 11.0 138 - - - - - - -
200 sq miles 22 10.7 13.6 - - - - - - -
500 sq miles 22 10.2 12.8 - - - - - - -
1000 sq miles 2.0 9.6 12.0 - - - - - - -
2000 sq miles 1.9 8.6 10.9 - - - - - - -
3000 sq miles L6 7.0 8.8 - - - - - - -
10000 sq miles 12 5.3 6.7 - - - - - - -
20000 sg miles 0.8 3.6 4.7 - - - - - - -
Storm or Storm Center Name USACE UMV 1-5-Bonaparte, IA
Storm Date(s) 9-Jun-1903
Storm Type MCC
Storm Location 407TN 9L W
Storm Center Elevation 1,500
|Precipitation Total & Duration 12.10 Inches 12-hours USACE UMV 2.5
Storm Representative Dew Point TI0F 12
Storm Representative Dew Point Location 3852N 2181W
Maximum Dew Point 30.0F
Moisture Inflow Vector S@ 155
|In-place Maximization Factor 1.15
Temporal Transposition (Date) 30-Jun
Transposition Dew Point Location 4048 N 0264 W Jun July
Transposition Maximum Dew Point 300F 79 81
Transposition Adjustment Factor 1.04
Grid Point Elevation 330
|Hizhest Elevation in Basin 14344
|tnflow Barrier Height 1,000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.20

Appendix F: Table F.142: Storm spreadsheet for Bonaparte, IA June 10, 1905
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WAR DEPARTMENT CORPS OF ENGINEERS, U.S. ARMY

STORM STUDIES = PERTINENT DATA SHEET
Storm of Juoe % = 10, 1905
we MM T BT e Assignment TNV 2=5
Location 5.E. Ime and W.Cent.I1)
Study Prepared by:
Upper Mississippi Valley
Division

i Rook Island Distriet Offioce
=Y Part I Reviewed by H.M. Sec. of
Weather Bureau, &6/20/0
Part II Approved by Office, Chief

of Enginears for Distributlon

;m-“ h of Factual Data, &/
£ final mll map. Remarks: cemters at:
I ocation was o B, 100

N MPUTATION Pl
PART I
Preliminary [sohyetal map, in 1  sheet , scale 1 4 2,500,000
Precipitation data and mass curves: {Hmhr of Sheets)

Form 5001-C (Hourly precip. MI} ......................

Form 5001-B (24-hour * " ) oo o e m—em -

Ferm 5001-D (" * " . ] ...................... (]

Miscl. precip. records, meteorological data, ete.______________ L

Form 5002 (Mass rainfall curves)__ _____ __ __ __ __ __ ___... 19

PART I

Final [sohyetal maps,in 1 sheet , scale 1 1 1,000,000
Data and computation sheets:

Form S-10 (Data from mass rainfall curves) . _ . ccoo-. 2

Form S=<I1 (Depth-area data from isohyetal map). .- - - oc oo 1

Form S-12 (Maximum depth-duration date) - cceceeea- 6

Maximum duration-depth-area curves_______.____________ 1

Data relating to perlods of maximum rainfall. - - ______ 2
MAXIMUM _AVERAGE DEPTH OF RAINFALL IN_INCHES

Area In Sg. ML Duration of Rainfall In Hours

i g 3 L | 3 1 8 | 1o | 12

Max, Station | 2.0 | LeO | 6.0 | 8.0 | 949 |10.2 | 10.8 | 11.L | 11.9 | 12.1

10| 2,0 | Lo | 5.9 | Te2 | 9.7 | 1020 | 10,5 | 11,2 | 11.68 | 12.0
0 | 1.9 | 3.7 | 5.6 | T.2 | 8. 9.2 | 9.8 | 10.5 | 11.3 | 11.5
200 | 1.8 | 3.6 | 5.5 | TaD | 8 8.9 | 9.5 | 10.2 | 1la1 | 11.5
500 | 1.8 | 3. w2 | Gub | ToB | Ba5 | 9.1 | 9.7 | 10.5 | 10.7

1,000 | 1.7 | 3 9| 6.2| T&4 | B0 | B.6| 9.0 9.8 | 0.0
2,000 | 1,6 | 3.1 | La5 | 546 | 6.7 | Te2 | 748 | 841 | B.8 | 941
G000 | 1.3 | 2.5 | 3.5 5| G.2 g:ﬁ 6.2 | 65| Tel | Te3

L8 | 5.0 | 5.4 | 5.6
20,000 | 0.7 | 1a3 | LT | 2ol | 25 | 360 | Fudl | 33| 3.T| 3.9

Form 5-2

Appendix F: Table F.143: Depth-area-duration values for Bonaparte, IA June 10, 1905
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WAR blFlﬂT_!j_Pﬂ' CORPS QF EH!IHE:EII WS ARMY
STORM STUDIES - ISOHYETAL MAP
Storm of___ June 3-/0, /905 Assignment UMY 2-5
Study Prepared by: Rock /slend 7H District
Unpér Mississippi Valley Division

Storm Period_/Z _hours
from

to__8AM June 10

MASS RAINFALL CURVES

20

- te, fa, (2/0°
i, e Merps, i, 10 0"
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Appendix F: Figure F.175 and Figure F.176: Total storm isohyetal analysis and mass curve chart for
Bonaparte, IA June 10, 1905
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Medford, WI, AWA 71

June 4, 1905
Storm Type: Frontal/ MCC
Grid Points Used: 8-11, 16-18
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Storm Name: GL 2-12, Medford, WI
Storm Date: 6/3.8/1905 Storm Adjustment for ANO Grid Point 8
AWA Analysis Date: :12/16/2013
Temporal Transposition Date 15-Jun
Lat Long Moisture Inflow Direction: SW @200  miles
Storm Center Location 4514 N 2034 W Grid Point Elevation 1.200 feet
Storm Rep Dew Point Location 43.06 N 9314W Storm Center Elevation 1,500 feet
Transposition Dew Point Location 40.65N 9528 W Storm Rep Analysis Duration 24 hours
Grid point Location 37T50N  03.00W
The storm representative dew pointis  70.0F with total precipitable water above sea level of 225  inches.
The in-place maximum dew pointis  76.5F with total precipitable water above sea level of 3.07  nches.
The transpositioned maximum dew pointis  78.0F with total precipitable water above sea level of 314  inches
The in-place storm elevationis 1,500 which subtracts 0.31 inches of precipitable water at TOOF
The in-place storm elevationis 1,500 which subtracts 0.39 inches of precipitable water at T65F
The transposition basin elevationat 1,200 which subtracts 0.28 inches of precipitable water at T80F
The Grid pointinflow barrier heightis 1,000 which subtracts 0.28 inches of precipitable water at T8.0F
The in-place storm maximization factor is 1.38 Notes: DAD values taken from USACE GL 2-12. Added 2°F
The transposition/elevation to basin factoris 107 to USACE storm rep Td based on 12hr persisting to average
The batrier adjustment factoris 1.00 Td adjustment.
The total adjustment factoris 1.47
(Ohserved Storm Depth-Area-Duration
6 Hours 12Hours ;| 18 Hours | 24 Hours | 30Hours | 36 Hours | 48 Hours i 60 Hours : 72 Hours
10 sq miles 7.2 8.4 8.5 8.9 9.1 2.9 10.5 11.2 11.2
100 sq miles 6.8 8.1 83 8.5 8.7 9.6 10.1 10.7 10.7
200 sq miles 6.6 7.8 8.0 8.2 8.5 0.2 9.9 10.5 10.5
500 sq miles 6.0 7.0 7.1 7.6 8.1 8.6 2.3 9.9 0.9
1000 sq miles 5.4 6.2 6.4 7.0 7.6 8.0 8.7 9.3 9.3
5000 sq miles 38 4.5 4.8 5.5 6.1 6.5 7.0 7.6 7.7
10000 sq miles 31 a8 4.0 4.8 5.4 5.8 6.2 6.9 7.0
20000 sq miles 24 3.0 33 4.1 4.8 5.1 5.3 6.1 6.2
Adjusted Storm Depth-Area-Duration
6 Hours 12Hours ;| 18Hours | 24 Hours | 30Hours : 36 Hours | 48 Hours : 60 Hours | 72 Hours
10 sq miles 10.6 12.4 12.5 13.1 134 14.6 15.5 16.5 16.5
100 sq miles 10.0 11.9 12.2 125 12.8 14.2 14.9 15.8 15.8
200 sq miles 9.7 11.5 11.8 121 12.5 13.6 14.6 15.5 15.5
300 sq miles 8.8 10.3 10.5 11.2 11.9 12.7 13.7 14.6 14.6
1000 sq miles 8.0 2.1 9.4 10.3 11.2 11.8 12.8 13.7 13.7
3000 sq miles 5.6 6.6 7.1 8.1 9.0 9.6 10.3 11.2 11.4
10000 sq miles 4.6 5.6 5.9 7.1 8.0 8.6 2.1 10.2 10.3
20000 sq miles 3.5 4.4 4.9 6.0 7.1 7.5 7.8 9.0 9.1

Storm or Storm Center Name

GL 2-12, Medford, WI

Storm Date(s) 6/3-8/1903

Storm Type Synoptic

Storm Location 4514 N 0034 W
Storm Center Elevation 1,500

Precipitation Total & Duration

11.20 Inches 72-hours USACE GL 2-12

Storm Representative Dewpoint T00F 24
Storm Representative Dewpoint Location 43.06 N 3.4 W
Maximum Dewpoint T635F

Moisture Inflow Vector SW @ 200 Miles
In-place Maximization Factor 1.38

Temporal Transposition (Date) 15-Jun
Transposition Dewpoint Location 4065 N 9528 W
Transposition Maximum Dewpoint T80F
Transposition Adjustment Factor 1.07

(Grid Point Elevation 1200

Highest Elevation in Basin 14344

Inflow Barrer Height 1,000

Elevation Adjustment Factor 1.00

Total Adjustment Factor 1.47

Appendix F: Table F.144:

Storm spreadsheet for Medford, WI June 4, 1905
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WAR DEPARTMENT CORPS OF ENGINEERS, U.S. ARMY

STORM STUDIES — PERTINENT DATA SHEET
e Storm of 3-8 June 1305

o Sl . 2z Ase'gnment GL 2 - 12
Location Minn., Wis., Mleh. ,0kia
Study Prepared by:
Groat Lauss Division
dilwaukes District Office

Part I Reviewed by H. M. Sec. of
Yeather Bureauy, &-17-40
Part IL Approved by Office, Chief

of Enginesrs for Distribution
of Factual Data, 12-6-45
Remarks: Canters at

Medford and Barron, Wis.

w=ey Aras coversd by
(2] finat lashywtal mop.
9 2 Incioses by

4-inch lahret.  LOCATION MAP

COMP
EART 1
Preliminary lsohyetal map, in 1  sheet , scale 12,500,000
Precipitation data and mass curves: (Number of Sheets)
Form 5001=C (Hourly precip. det®). -« cccvcccerccncncaann 16
Form 5001-B (24-hour * B i i e i i e s =
Form 5001-D(~ = = O g s i s S 1o
Miscl. pracip. records, meteorolofical data, ofe.__ ____ ________ <0
Form 5002 (Mass rainfall curves). - - - - - oo ccoe e eeem e e 29
EART X

Final Isohyetal maps, In 1  sheet , scale 1:1,000,000
Data and computation sheets:

Form S-i0 (Data from mass rainfall curves). _____________ 4
Form S-11 (Depth-area deta from lsohyetal map)..-ooo-- ——— 2
Farm S-12 (Maximum depth-duration date)_ . _________ 8
Maximum duration=depth-ares curves_ ____ .. _____._._._. i

Data relating to perlods of maximum ralnfall___ __________

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES

Area In 5q. ML Duration of Rainfall In Hours
6 12 L a8 | 24 [ 30 | 361 48 ) 60! 70 | 96 | 120
].D"" ?12 HI* ‘i! l'lq g-l q-g 10-5 11.2 11-2 ].'I.fﬂ 1-1-2
100 | 6.8 |8.1 | 8.3 | 8.5 | 8,7 | 5.6 |10.1 [10.7 |10.7 [10.7 |10.7
200-+6.6 (7.8 | 8.0 ['8.2 |85 | 9.2 | 9.9 [10.5 |10.5 |10.5 [10.8
500 |6.0 |70 [Tl | 76 | B.L B.6 | 9.3 | 9.9 | 9.9 9.9 9.9
1000754 |6.2 |6.4 | 7.0 |7.6 | 8.0 | BT [9.3 ] 9.3]|%5.3 ]%9.3
2,000 (4.7 |5.5 |57 |6.4 | 7.0 | 7.4 | 8.0 | 8B | 8.6 | BT | 8.7
5,000 %.8 |&.5 | 4.8 5.5 | 6.1 | 6.5 T0 |76 |T.T | 7.8 | 7.8
10,00013.1 |3.8 |40 |heB | 5.4 |5.B2 |62 | 6.9 | 7s0 | 7al | 7.1
mjw 2-& ]-L'l 3‘-3 -‘--u-l L-B 5-1 5-3‘ ﬁ!l ﬁ-a 61.’ ﬁij
50,000 |1o5 |2.1 |2ek | 249 | 3.5 | 346 | 4e0 |45 | 4a7 | 408 | 4.8
67,000 (1.2 [1.8 |2.1 [2.4 |3.0 |3.1 | 3.3 (3.8 ' 4.0 | 4.2 | 42

Form 5-2

Appendix F: Table F.145: Depth-area-duration values for Medford, WI June 4, 1905
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Appendix F: Figure F.177 and Figure F.178: Total storm isohyetal analysis and mass curve chart for
Medford, WI June 4, 1905
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Rociada, NM, AWA 72

September 26, 1904
Storm Type: Frontal
Grid Points Used: 7, 13-14
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|St|rrm Name: Rociada, NM USACE SW 1-6
[Storm Date: 9/26-30/1904 Storm Adjustment for ANO Grid Point 6
|AWA Analvsis Date: :12/16/2013
Temporal Transposition Date 10-Sep
Lat Long Moisture Inflow Direction: ESE @ 300  miles
Storm center location A58TN 10533 W (Grid Point Elevation 4,400 feet
Storm Rep dew point location 3410N 10050 W Storm Center Elevation 7,743 feet
Transposition dewpoint location 3816 N 8745W Storm Rep Analysis Duration 24 hours
Grid Point location 34.50N 10400 W
The storm representative dew pointis  74.0F with total precipitable water above sealevel of 273 inches.
The in-place mamimum dew pointis  T7.0F with total precipitable water above sealevel of 314  inches.
The transpositioned maximum dew pointis  78.0F with total precipitable water above sealevel of 329  inches.
The in-place storm elevationis 7,743 which subtracts 1.46 inches of precipitable water at 740F
The in-place storm elevationis 7,743 which subtracts 1.63 inches of precipitable water at 770F
The transposition basin elevation at 4,400 which subtracts 109 inches of precipitable water at 78.0F
The Grid Point/Inflow barrier height is XX which subtracts 1.09 inches of precipitable water at 78.0F

The in-place storm maximization factor is 1.19 Motes: DAD values taken from W 1-6. Added 2°F to USACE
The transposition/elevation to basin factor is 1.46 storm rep to convert of average maximum Td climatology.
The barrier adjustment factor is 1.00
The total adjustment factor is 1.73
|Observed Storm Depth-Area-Durati
6 Hours 12 Hours 18Hours : M4 Hows | 30 Hours ;| 36 Howrs | 48 Hours : 60 Houwrs | 72 Hours
1 =q miles - - - - - - - - -
10 sg miles 3.8 42 5.2 6.6 7.3 7.3 7.3 7.3 7.3
100 sq miles 31 38 4.7 6.3 7.0 7.0 7.0 7.0 7.0
200 sq miles 2.9 a7 4.6 6.2 6.8 6.8 6.9 6.9 6.9
300 sq miles 2.6 35 4.3 5.8 6.4 6.5 6.5 6.6 6.7
1000 sq miles 24 33 4.1 5.4 6.1 6.2 6.4 6.4 6.5
2000 sq miles 22 31 3.9 5.0 5.7 5.9 6.1 6.2 6.3
3000 sq miles 1.8 2.8 3.5 4.4 5.2 5.5 5.7 5.8 6.0
10000 sq miles 1.5 24 3l 3.8 4.6 5.0 52 5.4 5.6
20000 sg miles 1.3 2.0 2.7 3.3 3.9 4.3 4.5 4.8 5.0
Adjusted Storm Depth-Area-Duration
6 Hours 12 Hours 18Hours | 24 Hows : 30 Hours ;| 36 Howrs ;| 48 Howrs | 60 Howrs | 72 Hours
1 5q miles - - - - - - - - -
10 sg miles 6.6 7.3 9.0 11.4 12.6 12.6 12.6 12.6 12.6
100 sq miles 5.4 6.6 8.1 10.9 12.1 12.1 121 12.1 12.1
200 sq miles 5.0 6.4 8.0 10.7 11.8 11.8 12.0 12.0 12.0
300 sq miles 4.5 6.1 7.4 10.0 11.1 113 113 11.4 11.6
1000 sg miles 4.2 57 7.1 9.4 10.6 10.7 11.1 11.1 11.3
2000 sq miles 3.8 54 6.8 8.7 0.9 10.2 10.6 10.7 10.9
5000 sq miles 3l 4.9 6.1 7.6 9.0 2.5 9.9 10.0 10.4
10000 sq miles 2.6 4.2 5.4 6.6 8.0 8.7 0.0 0.4 9.7
20000 sq miles 23 35 4.7 5.7 6.8 7.4 7.8 8.3 8.7
Storm or Storm Center Name Rociada, NM USACE 5W 1-6
Storm Date(s) 9/26-30/1904
Storm Type Synoptic
Storm Location 358TN 10533 W
Storm Center Elevation 7,743
|Precipitation Total & Duration 7.90 Inches 30-hours
Storm Representative Dewpoint T4OF 24 ABL AMA
Storm Bepresentative Dewpoint Location MI0N 10030 W
Maximum Dewpoitit J70F
Moisture Inflow Vector ESE @ 300 Aug Sept
|In-place Maximization Factor 1.19 9 76.3
Temporal Transposition (Date) 10-Sep
Transposition Dewpoint Location 3816 N 8745 W
Transposition Maximum Dewpoint 180F
Transposition Adjustment Factor 1.46
(Grid Point Elevation 4400
|Eighest Elevation in Basin 14344
|inflow Barrier Height i
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.73

Appendix F: Table F.146: Storm spreadsheet for Rociada, NM September 26, 1904
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WAR DEPARTMENT CORPS OF ENGINEERS, U. S. ARMY

STORM STUDIES - PERTINENT DATA SHEET

Storm of Sepbember 2630, 10l

Assignment 5 W 1 =6

Location N.Mex. and Colorade

Study Prepared by:
Southwestern Mvision

Albuguerque [Mastrioct Office

Part I Reviewed by H. M. Sec. of
Weather Bureau, 5/22/
Part II Approved by Office, Chief

of Engineers for Distribution
= of Factual Data, 10/6/4
peeey Arem covered by y Remarks: Centers at;

Fooleda, Few Mexioo amd

Ares inclosed by

© 2-inen {sohyet. TION Fort Stanton, New Mexioo
A TAT S5 COMPI
PART I
Preliminary isohyetal map, in 1 sheet , scale 1 : 2,500,000 .
Precipitation data and mass curves: (Number of Sheets)
Form 5000-C (Hourly precip. data). - . - . oo ccm e 7
Form 5001-8 (24-hour * o 22
Form 5001-D (" * * e o o e o o -
Miscl. precip. records, meteorclogical date, ete. . . __ -
Form 5002 (Mass rainfall curves). . ___ ____ ____________.. 23
PART I

Final isohyetal maps,in 1 sheet , 3cale 1 ¢ 2,500,000
Data and computation sheets:

Form S-10 (Data frem mass rainfall curves) _______ __.___._ 1
Form 5-1| (Depth-ares data from ischyetal map)___________ 1
Form S-12 (Maximum depth—durstion data)- - - o - 5
Maximum duration-depth-ares curves__________________._ 1
Data relating to perlods of maximum rainfall .. _______ 2
MAXIMUM _AVERAGE DEPTH OF RAINFALL IN_ INCHES
Area in Sq. Mi. Duratien of Rainfall in Hou

10 | 3.8 | La2 | 5a2| Gu6 | TaB | Te3 | 7e3| Ta3| Ta3| 7.9
100 | 3l | 348 | LaT| Gu3 | Te0 | T | 740 Tal| Ta0| Teb
200 2.9 | 3.7 | L& | 6.2 68| 6B | 6.9 | 69| 59| Ta5
500 | 2.6 | 3u5 | La3 | 5B | buli | 545 | 6.5 ] bub| &7 7.3
1,000 Eals | 343 | Lol | Suli | 6ul | Ga2| Buli| Buli| 65| Te2
2,000 242 | Bal | 309 | 540 | 5eT | S5a9 | bal| Ga2| &3 | Tul
5,000 1.8 | 2.8 | 3.5 ]| L.l E.. 2| 55| 5.7 | 5aB| 6.0 | 6.8
10,000 1.5 | 2| 3.1 ] 3.8 6| 50| 542| Sals| 56| 6.2
20,000 | 13 | 240 | 27| 33| 349 | La3 | Le5 | LeB| 5.0 E_.h
50,000 | 0.8 | labs | 1.9 | 24| 2.8 | 3.2 | 3uli| 37| 3.9 2
70,000 | 08 | Lol | 16| 2.1 | 2.4 27| 2.9 | 32| 3uli| 3.7

Appendix F: Table F.147: Depth-area-duration values for Rociada, NM September 26, 1904
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Appendix F: Figure F.179 and Figure F.180: Total storm isohyetal analysis and mass curve chart for
Rociada, NM September 26, 1904
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Woodburn, IA, AWA 73

August 24, 1903
Storm Type: Frontal/ MCC
Grid Points Used: 1-4, 8-11, 16-18
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[Storm Name: MR 1-10-Woodburn, LA
Storm Date: 24-Aug 1903 Storm Adjustment for ANQ Grid Point 1
AWA Analvsis Date: (12/16/2013
Temporal Transposition Date S-Aug
Lat Long Moisture Inflow Direction SSE @ 195 miles
Storm Center Location 41.01N  93.60 W (Grid Point Flevation 350 feet
Storm Rep Dew Point Location 38.52N 01B1IW Storm Center Flevation 1,150 feet
Transposition Dew Point Location 4025N  90.78 W Storm Rep Analysis Duration 24 hours
(Grid Point Location 3531N 0323 W
The storm representative dew point is 75.0F with total precipitable water above sealevel of 2.85  inches.
The in-place maximum dew point is 80.5F with total precipitable water above sealevel of 3.68  inches.
The transpositioned maximum dew point is 80.5F with total precipitable water above sealevel of 3.68  inches.
The in-place storm elevation is 1,150 which subtracts 0.30 inches of precipitable water at 75.0F
The in-place storm elevation is 1,150 which subtracts 0.34 inches of precipitable water at 805F
The transposition basin elevation at as0 which subtracts 0.30 inches of precipitable water at 805F
The Grid Point/inflow barrier height is 1,000 which subtracts 0.30 inches of precipitable water at 80.5F

The in-place stonn maximization factor is 1.31 Notes: DAD values taken from USACE MR 1-10. 27 added
The transposition/elevation to basin factor is 1.01 to the storm rep based on EPRI and Nebraska analyses to
The bartrier adjustment factoris 1.00 adjust 12-hr persisting Td to 24-hr average Td.
The total adjustment factoris 1.32
|Observed Storm Depth-Area Duration
6 Hours 12 Hours 18 Hours M Hours ;| 30Hours | 36 Hours | 48 Hours ;| 60 Howrs ;| 72 Howrs
10 sq miles 6.9 11.5 11.9 14.7 14.7 14.7 15.4 15.5 155
100 sq miles 6.6 10.3 114 12.8 138 138 13.9 14.4 14.6
200 sq miles 6.3 9.9 11.0 12.2 13.2 13.2 13.2 13.8 13.9
300 sg miles 5.7 9.3 10.3 11.2 122 12.2 12.6 12.8 12.8
1000 sq miles 5.2 8.7 9.5 10.3 111 11.2 11.2 11.5 11.7
2000 sq miles 4.6 7.8 8.6 9.2 10.0 10.1 10.2 10.4 10.6
3000 sq miles 3.7 6.4 7.3 7.7 8.4 8.7 8.8 8.8 9.0
10000 sq miles 3.0 52 6.3 6.5 7.1 7.3 7.5 7.5 7.7
20000 sq miles 23 4.0 5.0 5.2 5.6 5.9 6.1 6.1 6.3
Adjusted Storm Depth-Area-Duration
6 Hours 12 Hours 18 Howrs | 24 Howrs : 30Hours | 36 Hours | 48 Hours | 60 Hours : 72 Howrs
10 sq miles 9.1 152 15.7 19.4 19.4 19.4 20.4 20.5 20.5
100 sq miles 8.7 13.6 15.1 16.9 18.2 18.2 18.4 19.0 19.3
200 sq miles 8.3 13.1 14.5 16.1 174 174 17.4 18.2 184
300 sg miles 7.5 12.3 13.6 148 16.1 16.1 16.7 16.9 16.9
1000 sq miles 6.9 11.5 12.6 13.6 147 148 148 15.2 155
2000 sq miles 6.1 10.3 114 122 132 133 13.5 13.7 14.0
3000 sq miles 4.9 8.5 0.6 10.2 111 11.5 11.6 11.6 11.9
10000 sq miles 4.0 6.9 8.3 8.6 0.4 0.6 9.9 0.9 10.2
20000 sq miles 3.0 5.3 6.6 6.9 7.4 7.8 8.1 8.1 8.3
Storm or Storm Center Name MR 1-10-Woodburn, [A
Storm Date(s) 24-Augz-1903
Storm Type MCC
Storm Location 4101N 03.60 W
Storm Center Elevation 1.150
|Precipitation Total & Duration 14.70 Inches 24-hours USACE MR 1-10
Storm Representative Dewpoint J5.0F 24
Storm Representative Dewpoint Location 382N 181W
MManimum Dewpoint 805F
Moisture Inflow Vector SSE @ 1935
JIn-place Maximization Factor 1.31
Temporal Transposition (Date) J-Aug
Transposition Dewpoint Location 4025 N 20.73W ) A
Transposition Maxmum Td 80.3F 80.5 80.5
Transposition Adjustment Factor 1.01
Grid Point Elevation 330
|Highest Elevation in Basin 14 344
[inflow Barrier Height 1,000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.32

Appendix F: Table F.148:
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WAR CEPARTMENT CORPS OF ENGINEERS, U.S. ARMY

STORM STUDIES - PERTINENT DATA SHEET
3t of b=
T T o et e
Location Iowe
Study Prepared by:
Measouri Flver Mvision
Kansas Clty Distriot Offioe

8 Part T Reviewed by H.M. Sec. of
— Weather Buresu, &/5/%
Part II Approved by Office, Chief
of Engineers for Distribution

-LESEND- of Factual Data, 11344
-3 Area coversd by Remarks: Centers at
beeei Tinal inobyetal map. i
Ares inclosed by Woodburn, Ie.; and
S 4-tnen Inubryut. Ti MAP Counodl Bluffs, Im,
ATION
PART I
Preliminary |sohyetal map,in 1 sheet , scale 1 : 2,500,000
Precipitation data mnd mass curves: (Number nf Shasts)
Form 5001-C (Howrly precip. dm) ......................
Form 5001-B (24-howr = ™ ) __ _ _ e E.l
Form S00I-D (*~ = = . } ______________________ -
Miscl. precip. records, meteorsiogical date, ete. . - oo oo e e o -
Form S002 (Mass rainfall curves). _ . o e 11
BART I

Final isohyetal maps, in 1 sheet , scale 1 1 1,000,000
. Data and computation sheets:

Form S-10 g:n from mass rainfall curves)_____________. L
Form S-1I pth-ares data from isohyetal map)___________ 2
Furm S=12 (Maximum depth=duretion date)________________ 6
Maximum duration-depth-area turves_______.___________ 1

Data relating to perlods of maximum rainfall . - ..

MAXIMUM AVERAGE DEPTH OF RAINFALL IN IHCHE&

Area in Sq. Mi. Duration of Rainfall in Hours

T R ST BV Er Eed Bren BTt g e
4= 1 . - - L] L] -5
100 | 6.6 | 20,5 104h| 22.8{ 13.8 | 13.8| 13.9 m.i E.a l.uh.e
20 | &3 9.9 | 11,0 | 12,20 13.2]| 13.2 | 13.2| 13.8| 13,9 | 13,9
500 | 5.T P3| 20,3 | 11,2} 12,2 | 18,2 | 12,2 | 12,6| L2.B| 12.8
1,000 E‘:E_ BaT | 9e5| 10+F | 111 | 1162 | 11.2| 11,5 11.7 | 1147
2,000 6| T.8| B.6| 9.2| 0.0 10,1 | 1W0,2| 10.L;| 20,6| 20,7
E.WD th 6th Ti! ? i? ath B-T B-ﬂ B.B ‘:‘ou ‘:I'-E'
105,000 3.0 - ﬁ-} 6.5 Ted Ted Ted Te5 TeT T3
20,000 |2.% 0] 50| 542) 5.6 E‘.Q 6.1 | Gl tﬁ 6.5
0 s

ED.DDU 1-3‘ EIJ'I }'1 5!2 3-5 luE lhi
59,000 |1.1 Qa1 ) 2B 2.91 3.2| 3.6| 3.9 L.0

§ RSN S— -

Form 5-2

Appendix F: Table F.149: Depth-area-duration values for Woodburn, IA August 24, 1903
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WAR DEPARTMENT GORPS OF ENGINEERS, U & ARMY
STORM STUDIES - ISOHYETAL MAP

Storm uf_% Assignment MK /-/0
Study Prepared by: Aansas Ciry Oistrict
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Appendix F: Figure F.181 and Figure F.182: Total storm isohyetal analysis and mass curve chart for
Woodburn, IA August 24, 1903
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Lambert, MN, AWA 75, UMYV 1-2
July 18, 1897
Storm Type: Frontal/ MCC
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Storm Name: UMV 1.2, Lambert, MN
Storm Date: 7/18-22/1897 Storm Adjustment for ANO Grid Point 8
AWA Analysis Date: (12/16/2013
Temporal Transposition Date 15-Jul
Lat Long Moisture Inflow Direction SSE @ 300  miles
Storm Center Location 4780 N 926.00 W Grid Point Elevation 1.200 feet
Storm Rep Dew Point Location 43. 70N 93.60W Storm Center Elevation 1,150 feet
Transposition Dew Point Location 38.94N  0047TW Storm Rep Analysis Duration 24 hours
(Grid Point Location 3TS50N 03.00W
The storm representative dew pointis  7LOF with total precipitable water above sea level of 236  inches.
The in-place maximum dew pointis  80.5F with total precipitable water above sea level of 3.68  nches.
The transpositioned maximum dew pointis  81.0F with total precipitable water above sea level of 3.76  inches.
The in-place storm elevationis 1,150 which subtracts 0.25 inches of precipitable water at T10F
The in-place storm elevationis 1,150 which subtracts 0.35 inches of precipitable water at 805F
The transposition basin elevationat 1,200 which subtracts 0.30 inches of precipitable water at 81.0F
The Grid point‘inflow barrier heizhtis 1,000 which subtracts 0.30 inches of precipitable water at 81.0F
The in-place storm maximization factor is 1.58 Notes: DAD values taken from USACE UMV 1-2. In-place
The transposition/elevation to basin factor is 1.04 manimization factor of 1.3, although a factor of 1.50 was
The batrier adjustment factoris 1.00 adopted as the upper limit for this study through guidance
from HMER.
The total adjustment factoris 1.64
‘Observed Storm Depth-Area-Duration
6 Hours 12Hours : 18 Hours | 24 Hours | 30Hours ;| 36 Hours | 48 Hours ;| 60 Hours : 72 Hours
10 =g miles 32 52 6.2 6.5 6.5 6.5 6.9 8.0 8.0
100 =g miles 3l 4.8 6.0 6.3 6.3 6.3 6.8 7.9 7.9
200 =g miles 3.0 4.6 5.0 6.2 6.2 6.2 6.7 7.8 7.8
300 =g miles ) 4.4 5.7 6.0 6.0 6.0 6.5 7.6 7.6
1000 =g miles 2.7 4.2 5.5 5.8 5.8 5.8 6.3 7.3 7.3
3000 =g miles 23 34 4.3 4.5 4.7 4.7 5.2 6.1 6.2
10000 =q miles 19 3.0 a8 4.0 4.2 4.2 4.5 5.4 5.5
20000 sq miles 1.7 2.8 3.5 .7 1.8 3.8 4.2 4.8 5.0
Adjusted Storm Depth-Area-Duration
6 Hours 12Hours : 18 Hours | 24 Hours | 30Hours | 36 Hours | 48 Howrs ; 60 Hours : 72 Hours
10 sg miles 5.2 8.5 10.2 10.7 10.7 10.7 11.3 131 13.1
100 sq miles 5.1 7.9 2.8 10.3 10.3 10.3 11.2 13.0 13.0
200 sq miles 4.9 7.5 2.7 10.2 10.2 10.2 11.0 12.8 12.8
300 sq miles 4.8 72 2.3 2.8 0.8 0.8 10.7 12.5 12.5
1000 sq miles 4.4 6.0 9.0 9.5 9.5 0.5 10.3 12.0 12.0
3000 sq miles 3.8 5.6 7.1 7.4 7.7 7.7 8.5 10.0 10.2
10000 sq miles 31 4.9 6.2 6.6 6.0 6.9 7.4 3.0 9.0
20000 sq miles 1.8 4.6 5.7 6.1 6.2 6.2 6.9 7.9 8.2
Storm or Storm Center Name UMV 1-2, Lambert, MN
Storm Date(s) 7/18-22/1807
Storm Type Synoptic/ Thunderstorms
Storm Location 47.80N 06.00 W
Storm Center Elevation 1,150

Precipitation Total & Duration

8.00 Inches 72-hours USACE UMV 1-2

Storm Representative Dewpoint T1.0F 24
Storm Representative Dewpoint Location 43.70N 23.60 W
Maximum Dewpoint 8035F

Moisture Inflow Vector S @83

In-place Maximization Factor 1.58

Temporal Transposition (Date) 15-Jul
Transposition Dewpoint Location 3884 N 04TW
Transposition Maximum Dewpoint 810F

Transposition Adjustment Factor 1.04

(Grid Point Elevation 1200

Highest Elevation in Basin 14344

Inflow Barrer Height 1,000

Elevation Adjustment Factor 1.00

Total Adjustment Factor 1.58

Appendix F: Table F.

150:
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DEPARTMENT OF THE ARMY ; GORPS OF ENGINEERS

STORM STUDIES = PERTINENT DATA SHEET (mEV.)

Storm of 18 ~ 22 July 1697

W SN W Assignment MV 1-2

Locatlon Mimm, and N, O.

Study Prepared by:

2" Uppar Misaissippl Valley
Division

8t, Faul District Opfica

Part I Reviewed by H. M. Sec, of
Weather Bureau, 12-7-40
Part IL Approved by Offlce, Chlef

of Engineers for Distribution

.mu of Factual D!tﬂ. ?"-19"445
i m::r:’f'll‘:nlp. Remarks: Center ats
Area Inclosed by lambert, Minn,
@! -Inch Ischyet. LOCATION _MAP Dewpt. 5510 - Raf. Pt, 300 8
Grid A-16
DATA AND _COMPUTATIONS COMPILED
PART I
Preliminary Isohyetal map,in 1 sheet , scale 1: 1,000,000
Precipitation data and mass curves: (Number of Sheets)
Farm S001-C (Hourly precip. data). . _ __ _________________
Form S5001-B (24-hour * L -
Form 5001-D (* = " o S 5
Miscl, precip. records, meteorological data, etc.______ ________ 6
Farm 5002 (Mass rainfall curves)_ __ ______________ ______ 13
PART I

Final isohyetal maps, in 1 sheet , scale 1: 1,000,000
Data and computation sheets:

Form 510 (Data from mass rainfall curves)._ ______._._.__ 2
Form S-I1 (Depth-aren data from isohyetal map)___________ 1
Form  S-12 (Maximum depth-duration data). . ..o occueoe. 9
Maximum duration-depth-area curves_ __________________ 1
Data relating to periods of maximum rainfall .. ___________ 2
MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES
Area In Sq. Mi. Duration of Rainfall in Hours

A 12 18 2k 10 34 LA &0 s % 1102

0| 3.2|5,2]| 6.2 6,565 |6.8 | 6,9| 8.0|8.0 | B,2(R.2

100 | 3.1 | LB | 6.0 | 6.3 |6.3 6.3 | 6.8 7.9]7.9 8.2 | 8.2

200 | 3.0 | 4.6 | 5.9 | 6.2 |6.2 6.2 | 6,7 7.B|7.B 8,1 (8.1

500 | 2.9 | by | 5.7 | 6.0 |6.0 |6,0 | 6,5 7.6|7.6 Ted | 7.9

1,000 | 2.7 [ h.2 | 5.5 | 5.8 [5.8 |5.8 | 6.3 | 7.3 |7.3 | 7.6 |7.6

2,000 | 2,6 | 3.8 [ 5.1 | 5.4 |5.5 |5.5 | 5.9 | 6.9 (6.9 | 7.2 |7.2

5,000 | 2.3 | 3.h | b3 ) LS LT LT 5.2 | 6.1 |6.2 6_.h 6.

10,000 | 1.9 | 3.0 | 3.8 | k.o |L.2 |4.2 | LS| 54 (5.5 | 5.7 |5.7

20,000 | 1.7 | 2.8 | 3.5 | 3.7 (3.8 |3.8 | L.2| L8 |5.0 | 5.3 5.3

0,000 | 1.3 | 2.3 | 2.9 | 3.1 (3.3 |3.h | 3.7 3.9 L | L.6 [L.6

,000 | 1.1 | 1.7 | 2.2 | 2.3 |2.8 |2.8 3.1 3.3 |3.5 3.8 |3.8

Form S5-2

Appendix F: Table F.151: Depth-area-duration values for Lambert, MN July 18, 1897
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DEPARTMENT OF THE ARMY COAPS OF ENGINEERS
STORM STUDIES - ISOHYETAL MAP

July /8-22, (897 Assignment YAV /-2 -
Study Prepared by: S Paw/, Ming. Districl ~
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Appendix F: Figure F.183 and Figure F.184: Total storm isohyetal analysis and mass curve chart for
Lambert, MN July 18, 1897
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Greeley, NE, AWA 76

June 4, 1896
Storm Type: MCC
Grid Points Used: 3-4, 8-11, 16-18
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Storm Name: USACE MR 4-3-Greeley, NE
Storm Date: 6/4/1896 Storm Adjustment for ANO Grid Point 3
AWA Analvsis Date: (12/16/2013
Temporal Transposition Date 19-Jun
Lat Long Moisture Inflow Direction SE @ 145 miles
Storm Center Location 41.55N 98.53 W (Grid Point Elevation 1,150 feet
Storm Rep Dew Point Location 40,05 N 06.55W Storm Center Flevation 2,000 feet
Transposition Dew Point Location 41.23N  90.57W Storm Rep Analysis Duration 6 hours
(Grid Point Location 34.50N 0B.00W
The storm representative dew pointis  76.0F with total precipitable water above sealevel of 2.99  inches.
The in-place maximum dew pointis  79.5F with total precipitable water above sealevel of 3.52  inches.
The transpositioned maxmum dew pointis  79.0F with total precipitable water above sealevel of 344 inches.
The in-place storm elevationis 2,000 which subtracts 0.50 inches of precipitable water at 76.0F
The in-place storm elevationis 2,000 which subtracts 0.55 inches of precipitable water at T95F
The transposition basin elevationat 1,150 which subtracts 0.28 inches of precipitable water at T9.0F
The Grid point/inflow barrier heizhtis 1,000 which subtracts 0.28 inches of precipitable water at T9.0F

The in-place stonn maximization factor is 1.19 Notes: DAD values taken from USACE MR 4-3. 6hr
The transposition/elevation to basin factor is 1.06 average, |° added to USACE storm rep Td based on EPRI,
The barrier adjustment factor is 1.00 Nebraska, and TRWD guidance.
The total adjustment factor is 1.27
|Observed Storm Depth-Area Duration
6 Hours 12 Hours 18Hours | 2 Hours : 30 Hours | 36 Hours | 48 Hours | 60 Hours : 72 Howrs
10 sq miles 12.0 12.0 12.2 12.3 12.3 123 12.3 12.3 12.3
100 sq miles 11.6 11.6 11.6 11.8 11.8 11.8 11.8 11.8 11.8
200 sq miles 11.2 11.2 11.2 11.5 11.5 11.5 11.5 11.5 11.5
300 sq miles 10.2 10.2 10.2 10.6 10.6 10.6 10.6 10.6 10.6
1000 sq miles 8.7 8.9 9.0 9.2 9.4 9.4 9.4 9.4 9.4
2000 sq miles 6.6 6.9 7.0 7.2 7.5 7.5 7.5 7.5 7.5
3000 sq miles 4.0 4.3 4.9 5.1 5.2 53 5.3 5.3 5.3
10000 sq miles 24 18 a7 4.0 4.1 4.2 4.2 4.4 4.5
20000 sq miles 1.3 1.8 2.6 3.0 3.1 32 32 3.7 3.8
Adjusted Storm Depth-Area-Duration
6 Hours 12 Hours 18Hours : 24 Hours | 30 Hours : 36 Hours | 48 Hours : 60 Hours : 72 Hours
10 sq miles 152 152 15.5 15.6 15.6 15.6 15.6 15.6 15.6
100 sq miles 14.7 14.7 14.7 15.0 15.0 15.0 15.0 15.0 15.0
200 sq miles 142 142 142 146 14.6 146 14.6 146 14.6
300 sg miles 12.9 12.9 12.9 135 135 135 135 13.5 135
1000 sq miles 11.0 11.3 11.4 11.7 11.9 11.9 11.9 11.9 11.9
2000 sq miles 8.4 8.8 8.0 9.1 0.5 0.5 9.5 0.5 0.5
3000 sq miles 5.1 5.5 6.2 6.5 6.6 6.7 6.7 6.7 6.7
10000 sq miles 3.0 3.6 4.7 5.1 5.2 5.3 53 5.6 5.7
20000 sq miles 1.6 2.3 3.3 3.8 3.9 4.1 4.1 4.7 4.8
Storm or Storm Center Name USACE MR 4-3-Greeley, NE
Storm Date(s) 6/4/1896
Storm Type MCC
Storm Location 4133 N 0833 W
Storm Center Elevation 2,000
|Precipitation Total & Duration 1230 Inches 24-hours USACE MR 4.3
Storm Representative Dew Point 16.0F 6
Storm Representative Dew Point Location 4005 N 9633 W
Mazximum Dew Point 193F
Moisture Inflow Vector SE@ 143
JIn-place Maximization Factor 1.19
Temporal Transposition (Date) 19-Tun
Transposition Dew Point Location 4123 N 20.5TW June Tuly
Transposition Maximum Dew Point 19.0F 785 81
Transposition Adjustment Factor 1.06
(Grid Point Elevation 1.150
|Highest Elevation in Basin 14 344
[inflow Barrier Height 1,000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.27

Appendix F: Table F.152: Storm spreadsheet for Greeley, NE June 4, 1896
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CEPANTMENT OF THE ARWY CORFY OF D ImEE I

STORM STUDIES - PERTINENT DATA SHEET
Sterm of -7 Jume 1096
Asslgnmamt ¥R L=3
Locatien Nebr., S.p. ¥inn.

3¢ Pr 3
Hilﬁuﬂ m D?v ision
Om ha Matrict Office

Part I Raviewed by H. M. Sec. of
Weather Buresu, B/11/88
Part IL Approved by Office, Chief
of Engineers for Distribution
of Factual Data, 2/5/51
Remarks: panter at

ﬂr‘ulﬂjaeguhr.

h - "‘m* Hl! 1
FJ.!:rid D15 e o
PART I

Preliminary isohyetsl mep, in 1 shest , scals 1; 2,500,000
Pracipitation data and mass curves: (Number of Shests)
Form S001=C (Mourly precip. date). ... .. oS e O g g
Form 5001-B (24-hour * B e e e e -
r‘rm ml-n ‘. " o . }—d---- - - - - 1°
Miscl. precip. racords, matecrological date, a%e. . __________ ]
Form 5002 (Mass rainfall curves). . _ e e al
EART I

Final lsohyetal maps, In 1  sheet | scale 1 1,000,000
Data and computation sheets:

Form 5=10 (Data frem mass rainfall curves). ... .o __- 1
Form 5-11 {Depth-area data from Isohyetsl map) - -cccecme- 2
Form 5-i2 (Maximum depth-duretion data). . 13
Maximum duration-depth-mres curves . _ .. . oo naaaa 1
Data relating to periods of maximum reinfell o - o o 7
MAXIMUM AVERAGE DEPTH OF RAINFALL IN_INCHES
Area In S5q. M. Duration of I in Hours
& L1z 18 1 2k o138 LB 1 &0 | 72 I8
10 112.0 }12.0 |12.2 §12.3 |12.3 [12.3 le.g 12,3 [12.3 |12.2
100 |11.6 (11.6 o6 [11.8 |11.8 |11.8 111.8 |11.8 |11.8 [11.8
200 [11.2 [1l.2 |11%2 [11.5 [11.5 [11.5 [11.5 [11.5 |11.5 [11.5
S00 {10.2 110.2 10.2 J10.8 |10.6 |10.6 {10.6 (10.6 |10.6 |10.6
1,000 | 8.7 | 8.9 | 9.0 § 9.2 | 9uki | 9uki | 94 | 9.5 ]| 9.k | 9.4
2,000 | 6.6 | 6.9 [TO | 72| 75| 78] 7.5 78] 7.2 7.2
5,000 | LuO | L3 | L9 | 541 E.E 3| 53] 8.3 5.3 5.3
10,000 | 2.4 | 2.8 | 3.7 | L.O o1 o2 | 4.2 | Leli | LeS | LaS
20,000 1 1.3 (1.8 | 2.6 | 3.0 | 3.1 | 3.2 3.2 3.7 3.B 1 3.8
50,000 [ 0.6 | 1.1 [ 1.7 | 2.1 | 2.3 )24 2.8 3.1 3.3 3.3
84,000 | 0.5 | 1.0 | 1, 1.8l 2.2 |23 | 2.4 3.0] 3.2 ] 3.2

Appendix F: Table F.153: Depth-area-duration values for Greeley, NE June 4, 1896
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Appendix F: Figure F.185 and Figure F.186: Total storm isohyetal analysis and mass curve chart for
Greeley, NE June 4, 1896
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Larrabee, IA, AWA 77

September 10, 1891
Storm Type: MCC
Grid Points Used: 1-4, 8-11, 16-18
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|St|rrm Name: USACE MR 4-2-Larrabee, [A

|Storm Date: 6/23/1891 Storm Adjustment for For ANO Grid Point 1
|AWA Analvsis Date: |12/16/2013
Temporal Transposition Date 10-Jul
Lat Long Moisture Inflow Direction S @200 miles
Storm Center Location 4286 N 95.55'W Grid Point Elevation 350 feet
Storm Rep Dew Point Location 3096 N 9555 W Storm Center Elevation 1,400 feet
Transposition Dew Point Location 39.83 N 9258 W Storm Rep Analysis Duration 12 hours
Grid Point Location 3531N 9323 W
The storm representative dew pointis  79.0F with total precipitable water above sealevel of 344 inches.
The in-place mamimum dew pointis  81L0F with total precipitable water above sealevel of 375  inches.
The transpositioned maximum dew pointis  81.0F with total precipitable water above sealevel of 375  inches.
The in-place storm elevationis 1,400 which subtracts 0.39 inches of precipitable water at T9.0F
The in-place storm elevationis 1,400 which subtracts 0.43 inches of precipitable water at 81.0F
The transposition basin elevation at 350 which subtracts 0.30 inches of precipitable water at 81.0F
The Grid point‘inflow barmier heightis 1,000 which subtracts 0.30 inches of precipitable water at 81.0F

The in-place storm maximization factor is 1.09
The transposition/elevation to basin factor is 1.04
The barrier adjustment factor is 1.00

The total adjustment factor is 1.13

Notes: DAD values taken from USACE MR 4-2. Storm
representative dew point value was based on adding 7° to
the USACE analyzed storm rep Td based on guidance from
EPRI, Nebraska, and TREWD.

|Observed Storm Depth-Area Durati

6 Hours 12 Hours 18Hours | 24 Hows : 30 Hours | 36 Houwrs : 48 Hours | 60 Hours ;| 72 Hours
1 sq miles 10.4 11.7 11.7 11.0 120 11.0 110 11.0 11.0
10 sg miles 9.0 11.1 11.6 11.8 128 11.8 118 11.8 11.8
100 sq miles 7.5 10.0 11.1 12.2 122 12.2 112 122 12.2
200 sq miles 7.0 9.5 10.5 11.5 11.6 11.6 11.6 11.6 11.6
300 sq miles 6.1 8.6 9.6 10.3 10.5 10.5 10.5 10.5 10.5
1000 sq miles 5.3 7.7 8.7 9.3 9.5 9.5 9.5 9.5 9.5
2000 sq miles 4.5 6.6 7.7 8.2 8.3 8.3 8.3 8.3 8.3
3000 sq miles 3.4 5.0 58 6.5 6.6 6.6 6.6 6.6 6.6
10000 sq miles 2.5 37 4.4 5.2 5.3 53 5.3 53 5.3
20000 sg miles 1.6 2.5 2.9 3.6 3.9 4.2 4.2 4.4 4.6
Adjusted Storm Depth-Area-Duration
6 Hours 12 Hours 18Hours | 24 Hows | 30 Hours ;| 36 Howrs ;| 48 Hours : 60 Howrs | 72 Hours
1 sq miles 11.8 13.2 13.2 14.6 14.6 14.6 14.6 14.6 14.6
10 sq miles 10.2 12.6 13.1 14.5 14.5 14.5 14.5 14.5 14.5
100 sq miles 8.5 11.3 12.6 13.8 13.8 13.8 13.8 13.8 13.8
200 sq miles 7.9 10.8 11.9 13.0 13.1 13.1 13.1 13.1 13.1
300 sq miles 6.9 9.7 10.9 11.7 11.9 11.9 11.9 11.9 11.9
1000 sg miles 6.0 8.7 2.8 10.5 10.8 10.8 10.8 10.8 10.8
2000 sq miles 5.1 7.5 8.7 0.3 9.4 0.4 0.4 0.4 9.4
5000 sq miles 3.8 5.7 6.6 7.4 7.5 7.5 7.5 7.5 7.5
10000 sq miles 2.8 4.2 5.0 5.9 6.0 6.0 6.0 6.0 6.0
20000 sq miles 1.8 2.8 33 4.1 4.4 4.8 4.8 5.0 5.2
Storm or Storm Center Name USACE MR 4-2-Larrabee, [A
Storm Date(s) 6/23/1891
Storm Type MCC-Thunderstorm Complex
Storm Location 4286 N 9555 W
Storm Center Elevation 1.400
|Precipitation Total & Duration 12.90 Inches 24-hours
Storm Representative Dewpoint 90F 12
Storm Bepresentative Dewpoint Location 006N 0335 W June July
Maximum Dewpoitit S810F 80 813
Moisture Inflow Vector S @ 200
|In-place Maximization Factor 1.09
Temporal Transposition (Date) 10-Jul
Transposition Dewpoint Location 3983N 9258 W June July
Transposition Maximum Dewpoint 810F ikl 81
Transposition Adjustment Factor 1.04
(Grid Point Elevation 330
|Eighest Elevation in Basin 14344
|Eaflow Bamier Height 1000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.132

Appendix F: Table F.154: Storm spreadsheet for Larrabee, IA September 10, 1891
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DEPARTWENT OF THE ARMY

GCORPE OF ENGINEERE

STORM STUDIES - PERTINENT DATA SHEET

Storm of 23-27 Jine 1891
Assignment MR L=

Location Iowa-Nebr-Minnm,

Study Prepared by:
Hn’clnuri River tﬂ.rtriuan
Omaha, District Office

Part I Reviewed by H. M. Sec. of
Weather Bureau, 10/29/7
Part I Approved by Office, Chief

of Engineers for Distribution
of Factual Data, 10/14/48
Remarks: Center at
y IR
Dewpt, 72° - Rar, Pt. 200 8
Grid D-15

Preliminary isohyetal map, in 1 sheet , scale 1: 2,500,000

Precipitation data and mass curves: (Mumbar of Shests)
Form 5001-C (Hourly precip. data). _ . _ _ _ _ . ___ ___._._. &
Form 5001-8B (24-hour * L . S
Form S5001-D (* B L ety = N R s 3
Miscl, precip. records, meteorciogical date, efc. . _ _ ___ _____ 12
Form 5002 (Mass rainfall curves). - _ _ _ o o oo 9
PART &I

Final isohyetal maps,in 1 sheet , scale 11 1,000,000
Data and computation’ shesta:

Pi

Form S-10 (Data from mass rainfall curves) .. ______. ... 1
Ferm S-1l (Depth-area data from |sohyetal map).____ N |
Form 5-12 (Maximum depth-duration data)__ .. ______..... 7
Maximum duration-depth-ares curves_ ___ . - oo 1
Data relating to perlods of maximum rainfell_____________ 3
MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES
Area In 5g. ML Duration of Rainfall in Hours
AL 2h L0 L % L LB | 60172 |96

m- ﬂ'hﬁ_:inll ua? 12" u:" 121-" u-? u-ﬂ 1]-'0 13 «0

10 n.,bj12.8)12.6|12.8| 12,8| 12.8| 12.8] 12.8

100 11.1)12.2 12,21 12.2| 12.2 | 12.2| 12.2| 12.2

200 10,5/ 1.5 11.6|11.6 11.6| 11.6| 11.6| 11.6

Sm i-lb ml] lﬂ-;- 1D'I5 mrs m-s 1“-5 m.s

1,000 B.7| 9.3| 9.5| 9.5 9.5]| 9.5| 9.5| 9.5

2,000 T.7| B.2| B.3| B.3| B8.3| 8.3| 8.3 8.3

5,000 58| 6.5| 6.6| 6.6| 6.6]| 6.6 6.6) 6.8

10,000 ki | 5.2| 8.3| 5.3| 5.3| 5.3| 5.3] 5.3

m,{m 2!, !’!’ﬁ !i? h!z hl' j‘lh hré‘ hl?

30,000 2.0 2.4 3.1 3.7| 3.8 h-il L.5| k.6

Form 5=

Appendix F: Table F.155:

Depth-area-duration values for Larrabee, [A September 10, 1891
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Appendix F: Figure F.187 and Figure F.188: Total storm isohyetal analysis and mass curve chart for
Larrabee, [IA September 10, 1891
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Appendix G
LIP Short Storm List Storm Data



Appendix G:
Local Intense Precipitation Short Storm Analyses

AWA ANO
Storm Max |Precipitation |Total Adjustment| ANO 1-hour
Storm Name State | Number Lat Lon Year Month Day Rainfall (Source Factor 1mi’ PMP
WARNER PARK ™ 2 360611 | -RB6.9056 2010 4 30 1971  SPAS 1208 1.18 540
LARTOLAKE LA 4 31220 -92.130 2008 ] 1 2351 BPAS 1182 1.13 1.07
FAIL RIVER K8 5] 37.6300 960300 2007 6 30 2350 SPAS 1228 123 376
ALBANY X 18 327260 993300 1978 8 3 3230 | SPAS 1179 126 1336
ENID OK | 3653803 @ -D7.8683 1973 10 10 1943 | SPAS 1034 120 §.58
WOOSTER OH 24 409146 | -21.9720 1969 ) 4 1405  5PAS 1200 130 6.01
GLADEWATER TX 23 325365 040427 1966 4 27 2333 SPAS1IR1 124 3.62
EDGERTON MO 26 404125 | 9335125 1963 7 18 2076 SPAS 1183 t 4.67
COLLEGE HITL OH 30 400854 @ -B1.6470 1963 [ 3 1939 SPAS 1226 1.84 4.67
CAMF POLK LA 81 31.067 -93.200 1933 4 23 2110 LMV 33 097 497
HARRISONBURGDAN LA 70 31.767 -91.817 1933 3 11 2540 LMV 34 102 6.01
EELSO MO 57 37.1906  -89.3403 1932 8 11 1300 UMV 3-30 127 10.37
HOLT MO 40 394328 0 043422 1947 (] 18 1760 MR 320 118 14.16
COLLINSVILLE IL 42 386717  -39.9300 1946 8 12 1870 MR 7-ZB 1.19 4.57
MMOUNDS OK 44 33877 -06.0610 1943 5 16 1700 SW221 139 14.14
SILVER LAKE X 45 326700 953960 1943 [ 3 1650 SW33 115 1045
HALLETT OK 52 362000  -06.6000 1940 9 2 2400 SW2I-12 1.17 13.78
ENGLE TX 83 20681 -97.00¢ 1940 6 20 2270 GM3-11 122 8.50
BEEE X 34 20332 -97.682 1936 6 30 2100 GM35-6 111 993
NEOSHOFAILS ES 61 38.0820  -83.7010 1926 g 12 1400 | 5W2-1 134 1148
THRALL TX 77 30,591 97207 1921 9 9 3070 GM4-12 114 1634
BONAPARTE 1A 70 40,7667 | -91.7500 1905 [} 10 1210 UMV 2-5 129 826

Appendix G: Table G.1: List of storms used in the Local Intense Precipitation PMP development
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Warner Park, TN, AWA 2
April 30, 2010
Storm Type: Frontal/ MCC
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[Storm Name: SPAS 1208 _T
|Storm Date: 5/1:3/2010 Storm Adjustment for ANO Grid Point 1
|AWA Analysis Date: -12/13/2013
Temporal Transposition Date 15-May
Lat Long Moisture Inflow Direction SSW @ 360  miles
Storm Center Location 36.06 N 8691W Grid Point Flevation as0 feet
Storm Rep Dew Point Location 31L50N 90,00 W Storm Center Elevation 600 feet
Transposition Dew Point Location 3816 N 9594 W Storm Rep Analysis Duration 12 hours
Grid Point Location 3531N 0323 W
The storm representative dew pointis 750 F with total precipitable water above sea level of 2.85  inches.
The in-place maximumn dew pointis 765 F with total precipitable water above sea level of 3.07  inches.
The transpositioned mazximum dew pointis  75.0F with total precipitable water above sea level of 285  inches.
The in-place storm elevation is 600 which subtracts ~ 0.15 inches of precipitable water at 75.0F
The in-place storm elevation is 600 which subtracts (.16 inches of precipitable water at 76.5F
The transposition storm elevationat 350 which subtracts ~ 0.25 inches of precipitable water at 75.0F
The Grid point/inflow barmer heightis 1,000 which subtracts (.25 inches of precipitable water at 75.0F
The in-place maximization factor is 1.08 Motes: Storm reprasentative Td value was based on 12-hr surface
The transposition/elevation factor is 0.90 aa\'pmt \'31\_.'25 batween on _\IaI:.;. 1 aln.ng with Hyeplit bacl,:\-.-a.lrfil
The barrier adjustment factor is 1.00 trajectory. V alue;lv.'ara szlzctad in remion \r.'l-taral temparaturs r:u: not
vary mors than a desres over 3 largs area. Usad an average of
KIAN, KMCB, KHEG, and KASD.
The total adjustment factor is 0.96 I
|Observed Storm Depth-Area-Duration
1 Hours ;| 6 Hours 12Hours | 18Hours | 24 Hours | 36 Hours | 48 Hours | 60 Howrs © 72 Hours
10 sq miles 4.4 15.0 17.3 18.0 18.1 15.0 19.2 19.4 -
100 =q miles a7 13.2 15.9 16.5 16.6 18.3 18.5 18.7 -
200 sq miles 34 12.2 15.0 15.6 158 17.8 18.1 18.3 -
300 sq miles 28 10.6 13.5 14.3 14.6 16.8 174 17.7 -
1000 =q miles 23 9.0 12.6 13.3 135 16.4 16.9 17.1 -
2000 sq miles 18 74 11.1 12.0 12.6 15.7 16.1 16.4 -
3000 sq miles 14 5.2 9.2 10.3 10.9 14.1 14.8 15.0 -
10000 sq miles Lo a8 7.4 8.4 8.6 12.2 13.0 13.1 -
20000 sg miles 0.7 2.9 5.4 6.3 7.2 10.2 11.0 11.2 -
Adjusted Storm Depth-Area-Duration
1 Howrs | 6 Hours 12 Hours 18 Hours { 24 Hours | 36 Hours | 48 Howrs | 60 Howrs : 72 Hours
10 sq miles 43 14.4 16.7 17.3 17.4 18.3 18.4 18.7 -
100 sg miles 3.6 12.7 15.3 15.9 16.0 17.6 17.8 18.0 -
200 sq miles 33 11.7 14.4 15.0 15.2 17.1 17.4 17.6 -
300 sq miles 2.7 10.2 13.0 13.8 14.1 16.2 16.8 17.0 -
1000 sq miles 22 8.7 12.1 12.8 13.0 15.8 16.2 16.4 -
2000 sq miles L7 7.1 10.7 11.5 12.2 15.1 15.5 15.8 -
3000 =q miles 13 5.0 8.9 9.9 10.5 13.6 14.2 14.4 -
10000 sq miles Lo a6 7.1 8.1 8.3 11.8 12.5 12.6 -
20000 sq miles 0.6 1.8 5.2 6.1 6.9 9.9 10.6 10.7 -

Storm or Storm Center Name

SPAS 1208 - Tennessee

Storm Date{s) 3/1-3/2010

Storm Type Synoptic

Storm Location 36.06 N 86.91 W
Storm Center Elevation 600

|Precipitation Total & Duration (10 sq mi)

19.71 inches in 60 hours

Storm Representative Td 1530F 12
Storm Representative Td Location 3L30N 20,00 W
Jin-place Maximum Td 1635 F
IMoisture Inflow Vector SSW @ 360
|I.n—place Mazximization Factor 1.08
Temporal Transposition (Date) 13-May
Transposition Td Location 3816 N B W
Transposition Maximum Td 150F
Transposition Adjustment Factor 0.90
Grid point Elevation 350
|Eighest Elevation in Basin 1434
|inflow Bassier Height 1000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 0.96

Appendix G: Table G.2

: Storm spreadsheet for Warner Park, TN May 30, 2010
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Storm 1208 - May 1 (0100 UTC) - May 3 (1200 UTC), 2010

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHE S)

Duration (hours)
Area {mi%) 1 3 B 12 18 24 36 48 60 Total
0.4 4.63 8.92 156.31 1777 15.33 18.39 19.36 19.66 19.71 19.71
1 4.58 B.52 15.06 17.52 15.03 16.12 19.11 19.38 19.45 19.45
10 4.44 8.81 14.98 173 17.97 18.06 19.04 19.15 19.43 19.43
25 4.29 8.61 1466 17.08 17.69 17.8 15.91 19.05 19.24 19.24
50 4.04 B8.25 14.12 16.7 17.2 17.33 15.67 16.82 19.01 19.01
100 372 772 13.21 15.9 16.62 16.63 15.31 18.51 15.71 18.71
150 3.58 7.37 12.62 16.37 16.04 16.07 179 18.35 15.48 16.48
200 3.43 7.12 12.18 14.99 15.57 156.78 17.75 18.11 15.32 18.32
300 3.16 6.72 11.56 14.47 15.07 165.28 17.33 17.85 15.05 16.056
400 297 6.44 11.07 14.08 14.65 14.91 16.9 17.65 17.85 17.85
500 2.81 6.19 10.63 13.562 14.34 14.61 16.84 174 17.67 17.67
1,000 227 5.26 8.99 12.55 13.27 13.5 16.39 16.86 17.05 17.05
2,000 1.79 4.19 741 1.1 11.96 12.62 15.72 16.14 16.37 16.37
5,000 1.38 3 5.23 9.24 10.3 10.93 14.12 14.79 15 15.00
10,000 0.99 228 3.76 7.39 5.42 8.64 12.21 13 13.13 13.13
20,000 (.66 16 293 544 £.33 716 10.24 11.04 11.14 11.15
50,000 .32 0.58 1.58 3.19 4.08 4.59 6.63 7.63 7.75 7.75

Appendix G: Table G.3: Depth-area-duration values for Warner Park, TN, May 30, 2010
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Appendix G: Figure G.1: Depth-area-duration chart for Warner Park, TN, May 30, 2010
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SPAS 1208 Storm Center Mass Curve
May 1 (0100 UTC) to June 3 (1200 UTC), 2010

Lat: 36.11 Lon:-88.05
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Appendix G: Figure G.2: Mass curve chart for Warner Park, TN, May 30, 2010
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Appendix G: Figure G.3: Total storm isohyetal analysis for Warner Park, TN, May 30, 2010

Page 5 0f 96




Larto Lake, LA, AWA 4

September 1, 2008
Storm Type: Tropical
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Storm Name: SPAS 1181 Larto Lake, LA
Storm Date: 9/1.5/2008 Storm Adjustment for ANO Grid Point 1
AWA Analysis Date: :12/13/2013
Temporal Transposition Date 15-Aug
Lat Long Moisture Inflow Direction: SW@ 150 miles
Storm center location 3122N  9213W Grid Point Flevation 400 feet
Storm Rep Td location 30.00N 9400 W Storm Center Elevation 50 feet
Transposition Td location 410N 9510W Storm Rep Analysis Duration 24 hours
Grid Point location 3531N  9323W
The storm representative Tdis  76.0F with total precipitable water above sea level of 2.99  inches.
The in-place maximum Tdis  80.0F with total precipitable water above sea level of 3.60  inches.
The transpositioned maximum Tdis 79.5F with total precipitable water above sea level of 3.52  inches.
The in-place storm elevation is 50 which subtracts 0.03 iiches of precipitable water at 76.0F
The in-place storm elevation is 50 which subtracts 0.03 itiches of precipitable water at 80.0F
The transposition storm elevation at 400 which subtracts 0.12 inches of precipitable water at T9.5F
The Grid point/inflow barrier height is 400 which subtracts 0.12 itiches of precipitable water at 79.5F
The in-place maximization factor is 1.21 Notes:
The transposition factor is 0.95
The elevation batrier adjustment factor is 100
The total adjustment factor is 1.15
Ohserved Storm Depth-Area-Duration
6 Hours | 12 Hours 18 Hours 24 Hours | 30Hours | 36 Hours | 483 Hours | 60 Howrs | 72 Hours
10 sgmiles;  10.9 12.8 148 16.1 - 18.6 22.0 - 224
100 sq miles 7.9 11.9 13.7 14.9 - 175 202 - 211
200 sq miles 74 11.5 135 143 - 17.0 20.2 - 20.7
300 sqg miles 6.7 10.2 12.3 132 - 16.2 19.5 - 19.8
1000 sq miles 6.0 0.2 11.1 1.0 - 155 18.1 - 18.9
2000 sq miles 5.3 8.1 9.5 10.3 - 144 16.5 - 17.7
3000 sq miles 3.9 6.7 8.0 9.1 - 12.3 14.7 - 14.9
10000 sq miles 32 5.6 6.0 8.1 - 10.4 12.4 - 12.6
20000 sg miles 2.5 4.5 5.6 6.9 - 8.5 10.3 - 11.1
Adjusted Storm Depth-Area-Duration
6 Hours : 12 Hours 18 Hours 24 Hours : 30 Hours : 36 Hours : 48 Hours ; 60 Hours : 72 Hours
10 sgmiles; 125 14.7 17.0 185 - 214 252 - 25.7
100 sq miles 9.1 13.7 15.7 17.1 - 201 232 - 242
200 sq miles 8.4 13.2 154 16.4 - 19.5 232 - 23.7
300 sq miles 7.7 11.7 14.2 152 - 18.6 214 - 218
1000 sq miles 6.9 10.6 12.7 138 - 17.9 20.8 - 21.7
2000 sq miles 6.1 9.3 10.9 11.8 - 16.6 19.0 - 20.4
3000 sq miles 4.5 7.7 0.2 104 - 141 16.9 - 17.1
10000 sg miles 3.6 6.4 8.0 9.3 - 11.9 14.2 - 14.4
20000 sg miles 2.8 52 6.4 7.9 - 9.7 11.8 - 12.7
Storm or Storm Center Name SPAS 1182 Larto Lake, LA
Storm Date(s) 9/1-3/2008
Storm Type Tropical Storm  Gustay
Storm Location LN R ER
Storm Center Elevation 30
Precipitation Total & Duration (10 sgq mi) 2331 inches in T2hrs
Storm Bepresentative Td 16.0F
Storm Representative Td Location 300N MO00W A
In-place Maximum Td 300F 79
Moisture Inflow Vector SW @ 130
In-place Maximization Factor
Temporal Transposition (Date) 15-Aug
Transposition Dewpoint Location MI0ON 8510w A
Transposition Maximum Td 193F 783
Transposition Adjustment Factor
Grid Point Elevation 400
Hizhest Elevation in Basin 14344
Inflow Barrier Height N/A
Elevation Adjustment Factor
Total Adjustment Factor 1.15

Appendix G: Table G.4: Storm spreadsheet for Larto Lake, LA, September 1, 2008

Page 7 of 96




Storm 1182 - September 1 (0100 UTC) to September 5 (0000 UTC), 2008
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
Area (mi%) 1 3 6 12 18 24 36 45 72 96 Total
0.40 6.35 9.89 11.34 13.44 15.26 16.55 19.37 2293 233 233 233
1 6.15 9.65 11.08 13.02 14.80 16.10 18.75 2217 2260 22.60 22,60
10 5.90 9.42 10.91 12.80 14.30 16.10 18.59 21.98 22.37 2248 2248
25 5.25 §.82 10.29 12.56 14.26 15.51 18.29 21.66 2203 2210 2210
50 454 8.03 942 12.09 14 24 1517 17.89 21.00 2134 21.56 2156
100 3.58 6.92 7.88 11.94 13.66 14.85 17.47 20.21 211 21.28 2128
150 2.85 5.72 7.44 11.70 13.60 14.32 17.11 20.20 20.89 21.01 21.01
200 2.7 5.61 7.35 11.46 13.45 14.29 16.99 2019 20.67 20.73 20.73
300 223 5.10 715 11.15 13.09 13.79 16.72 20.03 20.25 20.39 20.39
400 2.20 4.74 6.96 10.84 12.75 13.45 16.45 19.77 20.04 2013 2013
500 217 4.61 6.70 10.22 12.32 13.20 16.21 19.51 19.83 19.87 19.87
1,000 1.78 3.93 6.00 923 11.08 12.01 15.54 18.07 18.90 15.98 18.98
2,000 1.36 3.00 5.27 8.09 9.47 10.25 14.42 16.52 17.74 17.75 17.75
5,000 1.02 243 3.92 6.66 7.99 9.05 12.30 14.67 14.86 15.67 15.67
10,000 0.79 1.91 3.16 55T 5.93 5.06 10.39 12.35 12.57 13.85 13.85
20,000 0.44 1.35 247 4.52 .55 6.89 8.47 10.31 11.06 11.87 11.87
50,000 0.23 0.71 1.36 2.68 3.78 4 64 6.20 7.63 8.86 9.05 9.05
97,260 0.12 0.28 0.34 0.67 222 2.90 3.98 4.89 586 5.94 5.94

Appendix G: Table G.5: Depth-area-duration values for Larto Lake, LA, September 1, 2008
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Appendix G: Figure G.4: Depth-area-duration chart for Larto Lake, LA, September 1, 2008
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Appendix G: Figure G.5: Mass curve chart for Larto Lake, LA, September 1, 2008
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Appendix G: Figure G.6: Total storm isohyetal analysis for Larto Lake, LA, September 1, 2008
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Fall River, KS, AWA 5

June 30, 2007
Storm Type: Frontal/ MCC
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|S¢Inn Name: SPAS 1228 Fall River, KS

[Storm Date: 6/28/2007 - 7/2/2007 Storm Adjustment for ANO Grid Point 1
|AWA Analysis Date: :12/13/2013
Temporal Transposition Date 15-Jul
Lat Long Moisture Inflow Direction S @ 460 miles
Storm Center Location 37.63N 96.05 W (Grid Point Elevation 350 feet
Storm Rep Dew Point Location AL0ON  9550W Storm Center Flevation 200 feet
Transposition Dew Point Location 36.10N 9200 W Storm Rep Analysis Duration 24 hours
Grid Point Location 35.31N 9323 W
The storm representative dew pointis  76.5F with total precipitable water above sealevel of 3.07  inches.
The in-place maximum dew pointis  80.0F with total precipitable water above sealevel of 3.60  inches.
The transpositioned maximum dew pointis  80.5F with total precipitable water above sealevel of 3.68  inches.
The in-place storm elevation is 200 which subtracts 0.21 inches of precipitable water at T65F
The in-place storm elevation is 900 which subtracts 0.27 inches of precipitable water at 80.0F
The transposition basin elevation at 350 which subtracts 0.20 inches of precipitable water at 80.5F
The grid point inflow barrier heightis 1,000 which subtracts 0.30 inches of precipitable water at 80.5F

The in-place storm maximization factor is 1.17 Notes: DAD values taken from SPAS 1223, Storm representative
The transposition/elevation ta basin factor is 1.02 dew point value was based on maximum 24-hr Td values between
The barrier adjustment factor is 1.00 June 27-28, 2007 at KDXR and KUTS.
The total adjustment factor is 1.18
Observed Storm Depth-Area-Durati

1 Hours 3 Hours 6 Hours 12Howrs : 18 Hours : 24 Howrs | 36 Hours : 48 Hows | 72 Hours

1 sg miles 4.6 6.4 3.9 11.0 14.4 14.5 17.2 22.1 148

10 sg miles 4.2 6.3 3.8 10.7 13.8 13,0 17.1 21.0 248

100 sg miles 31 5.1 1.6 10.2 12.7 13.0 15,7 18.1 2.7

200 sg miles 2.8 4.7 7.0 9.6 11.8 11.9 14.8 17.1 20.7

500 sq miles 22 35 5.0 8.4 10.4 10.7 13.2 15.5 1902

1000 sq miles L6 33 4.8 7.2 9.0 10.0 12.1 14.2 18.1

2000 sq miles 1.1 24 3.0 6.0 7.8 9.0 10.8 126 16.0

3000 sq miles 0.7 1.8 2.9 4.7 6.3 6.4 9.0 10.4 13.7

10000 sg miles 0.4 1.4 22 7 5.1 6.0 7.5 8.7 11.1

20000 sg miles 0.3 0.6 1.5 2.7 3.8 4.6 5.7 7.0 9.2

Adjusted Storm Depth-Area-Duration

1 Hours 3 Hours 6 Hours 12Hours { 18 Hours | 24 Howrs | 36 Hours : 48 Hours | 72 Hours

1 5g miles 5.4 7.6 10.5 13.0 17.0 17.1 20.4 162 204

10 sg miles 1.9 7.5 10.4 12.7 16.3 16.4 02 15.9 194

100 sg miles 3.7 6.1 9.0 121 15.1 15.4 18.6 21.5 25.7

200 sg miles 33 5.5 33 114 13.9 141 17.5 202 244

300 sq miles 2.6 4.2 6.9 2.9 123 12.6 15.7 18.4 22.7

1000 sq miles 1.9 3.0 5.6 8.5 10.7 11.9 14.4 16.8 215

2000 sq miles 1.3 1.8 4.6 7.1 9.3 10.6 12.8 14.9 19.0

3000 sq miles 0.8 22 a5 5.6 7.4 7.5 10.6 12.3 16.3

10000 sq miles 0.5 L7 25 4.4 6.0 7.1 8.9 10.3 13.1

20000 sg miles 0.3 0.7 1.8 32 4.5 5.4 6.7 8.2 10.9

Storm or Storm Center Name

SPAS 1228 Fall River, KS

Storm Date(s) 6/28/2007 - 7/2/2007
Storm Type Synoptic

Storm Location 376N 96.03 W
Storm Center Elevation 900

Precipitation Total & Duration

25.50 Inches 93-hours

Storm Representative Dew Point 163 F 24
Storm Representative Dew Point Location J1L.00N 95.50 W
Maximum Dew Point 30.0F

Moisture Inflow Vector S @ 460 Miles
In-place Maximization Factor 117

Temporal Transposition (Date) 15-Jul

Transposition Dew Point Location 36.10N 200w
Transposition Maximum Dew Point 80.5F

Transposition Adjustment Factor 1.02

(Grid Point Elevation 350

Highest Elevation in Basin 14344

Inflow Barrier Heizht 1,000

Elevation Adjustment Factor 1.00

Total Adjustment Factor 1.18

Appendix G: Table G.6:
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Storm 1228 - June 28 (0200 UTC) - July 2 (0000 UTC), 2007
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration {hours)

Area :mizlI 1 2 3 6 12 18 24 36 45 72 Total
0.4 4 68 584 6.6 9.12 11.37 1472 14.91 17.72 22 Bb 2643 2650
1 4 56 57 6.41 4.86 10.99 14 35 14 46 17 2 2209 24 84 2490
10 416 5.5 6.31 8.81 10.69 13.76 13.89 17.08 21.88 24 84 24.90
25 3.78 4.99 6.02 8.51 10.63 13.66 13.85 16.71 20.96 23.86 2410
50 35 4.66 558 817 10.63 13.31 13.63 16.24 19.81 2286 2318
100 314 426 512 7.64 10.22 12.73 13.01 15.68 18.13 21.74 2211
150 29 4 4.91 7.28 9.93 12.22 12.68 14.89 17.55 21.16 21.69
200 2.76 3.83 4. 65 6.99 9.61 M.77 11.94 14.76 17.05 20.65 21.28
300 249 354 44 6.5 9.14 11.07 11.13 14.05 16.39 20.02 20.49
400 2.33 3.35 411 6.15 8.67 10.39 11.07 13.73 16.03 19.63 2017
500 216 318 352 587 8.36 10.36 10 65 13.24 1553 1921 19 84
1,000 157 2 66 3.29 476 718 9.02 10.04 1213 1417 18.13 18.71
2,000 1.14 1.79 237 3.92 6.03 7.83 8.95 10.82 12.62 16.03 17.37
5,000 0.69 1.29 1.83 2.92 473 6.29 6.35 5.96 10.39 13.73 1517
10,000 041 1 14 2.15 3.74 509 6.01 [ 8.72 11.08 13.09
20,000 0.26 0.48 0.63 1.48 273 3.79 4 .55 568 6.95 918 10.66
50,000 0.14 0.25 0.34 0.68 1.24 1.84 2.1 3.02 3.82 521 6.63
65,761 0.12 0.23 0.3 0.55 1.03 1.48 1.87 251 3.15 4.44 510
Appendix G: Table G.7: Depth-area-duration values for Fall River, KS June 30, 2007
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Appendix G: Figure G.7: Depth-area-duration chart for Fall River, KS June 30, 2007
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Appendix G: Figure G.9: Total storm isohyetal analysis for Fall River, KS June 30, 2007
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Albany, TX AWA 18
August 3, 1978
Storm Type: Tropical
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Storm Name: SPAS 1179 Amelia- Albany, TX
Storm Date: 8/1.5/1978 Storm Adjustment for ANO Grid Point 2
AWA Analysis Date: :12/13/2013
Temporal Transposition Date 15-Jul
Lat Long Moisture Inflow Direction: SSE @ 260  miles
Storm center location 32.74N 9933W Grid Point Elevation 550 feet
Storm Rep SST location 2030N  07S0W Storm Center Elevation 1,500 faet
Transposition Dew Point Location 31.08N 93.65W Storm Rep Analysis Duration 12 hours
Grid Point location 3450N 9550 W
The stormn representative 85Tis  78.0F with total precipitable water above sea level of 3.29  inches.
The in-place maximum S8Tis  80.0F with total precipitable water above sea level of 3.60  inches.
The transpositioned maximum S5Tis  81.0F with total precipitable water above sea level of 3.76  inches.
The in-place storm elevationis 1,500 which subtracts 0.41 iiches of precipitable water at 78.0F
The in-place storm elevationis 1,500 which subtracts 0.43 itiches of precipitable water at 80.0F
The transposition storm elevation at 550 which subtracts  0.175 inches of precipitable water at 81.0F
The grid point/inflow barrier height is 550 which subtracts 0,175 itiches of precipitable water at 81.0F

The in-place maximization factor is 1.10 MNotes: Storm Rep T4 taken from ave of K3TT, KJCT, KATT,
The transposition factor is 113 KSAT
The elevation batrier adjustment factor is 100
The total adjustment factor is 1.24
Ohserved Storm Depth-Area-Duration
6Hours : 12 Hours 18 Hours 24 Howrs : 30 Howrs ;| 36 Hours : 48 Hours | 60 Hours | 72 Hours

10 =g miles 20.8 26.4 - 29.7 - al4 al.5 - al.e
100 sq miles 15.3 238 - 27.6 - 202 204 - 20.5
200 sq miles 10.3 20.9 - 244 - 26.6 26.8 - 27.0
300 sq miles 8.4 16.0 - 19.0 - 209 231 - 234
1000 sq miles 6.6 12.6 - 15.8 - 18.4 20.8 - 21.0
2000 sq miles 4.7 7.5 - 12.2 - 15.7 174 - 17.7
30 sg miles 2.7 4.2 - 7.8 - 8.5 12.0 - 13.2

10000 sq miles 1.9 32 - 5.1 - 7.5 8.8 - 9.6
20000 sg miles 1.3 2.3 - 34 - 3.7 4.3 - 6.7

Adjusted Storm Depth-Area-Duration
6Hours : 12 Howrs 18 Hours 24 Howrs | 30Hours ;| 36 Hours | 48 Howrs | 60 Hows : 72 Hours

10 sq miles 258 32.9 - 37.0 - 39.0 3902 - 303
100 sq miles 19.1 29.6 - 343 - 364 36.6 - 36.7
200 =g miles 12.9 26.1 - 0.4 - a3l 333 - 336
300 sq miles 10.5 19.9 - 236 - 26.0 28.8 - 201
1000 sq miles 8.2 15.7 - 19.7 - 229 250 - 26.2
2000 sg miles 5.8 9.4 - 152 - 10,5 21.6 - 22.0
3000 sq miles 33 52 - 9.7 - 10.6 15.0 - 16.4
10000 sq miles 24 4.0 - 6.3 - 2.3 11.0 - 12.0
20000 sg miles 1.6 2.9 - 4.2 - 4.6 5.3 - 8.3

Storm or Storm Center Name

SPAS 1179 Amelia- Albany, TX

Storm Date(s) 8/1-3/1978

Storm Type Remnant Tropical-Frontal
Storm Location 314N 9033 W
Storm Center Elevation 1500

Precipitation Total & Duration (10 sgq mi)

32.3 inches in 48 hours, 28.5 " 24 hours, 12.47" in 1hr, 21.94" in fhrs

Storm Bepresentative 35T J8.0F 12

Storm Representative 38T Location 2030N 9730w

In-place Maximum S8T 300F 80
Moisture Inflow Vector SSE @ 260

In-place Maximization Factor

Temporal Transposition (Date) 15-Jul

Transposition Dewpoint Location 31.08N 0363 W )
Transposition Maximum SST S31.0F 81
Transposition Adjustment Factor

Grid Point Elevation 350

Hizhest Elevation in Basin 14344

Inflow Barrier Height

Elevation Adjustment Factor

Total Adjustment Factor 1.24

Appendix G: Table G.8: Storm spreadsheet for Albany, TX, August 3, 1978
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Storm 1179 - July 31, 1978 (0600 UTC) - August 6, 1978 (0500 UTC)

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Area [mi?)

Duration (hours)

1 3 & 12 24 36 48 72 96 120 144 Total

0.30 12.47 18.53 21.94 2716 30.54 3222 3241 32.50 32.51 32.51 32.51 32.51
1 12.19 18.01 21.33 26.43 29.71 31.35 31.52 31.60 31.60 31.60 31.60 31.60
10 11.74 17.48 20.76 26.43 29.71 31.35 31.52 31.60 31.60 31.60 31.60 31.60
25 10.98 16.38 19.45 26.20 29.71 31.35 31.52 31.60 31.60 31.60 31.60 31.60
50 10.00 14.97 17.59 2544 2914 30.67 30.83 30.91 30.91 31.06 31.06 31.06
100 8.51 12.74 15.32 2375 2758 29.22 2944 29.51 28.51 29.62 29.62 29.62
150 751 11.25 13.52 2220 26.13 27.86 28.13 28.26 28.27 28.27 28.29 28.29
200 6.75 10.34 10.34 20.94 24.43 26.58 2677 27.03 27.03 27.21 27.22 27.22
300 5.92 8.87 10.15 18.76 22.41 24 .40 24 66 2469 2523 25707 25.83 25.83
400 5.22 7.08 9.16 17.42 20.65 22.97 23.63 23.67 24 45 24 45 24 .45 24 .45
500 4.74 6.28 8.40 15.98 18.97 20.85 23.11 23.41 23.78 23.78 23.79 23.79
1,000 345 4.62 6.61 12.63 15.81 18.43 2077 21.03 21.04 21.05 21.06 21.06
2,000 2.54 3.85 4.67 7.54 12.19 15.66 17.39 17.66 17.78 17.82 17.84 17.84
3,000 0.55 1.52 2.68 415 7.76 8.54 12.04 13.19 13.21 13.22 13.23 13.23
10,000 0.42 1.04 1.9 3.24 510 7.50 5.83 9.63 9.65 9.94 10.11 10.11
20,000 0.30 0.74 1.29 2.31 3.38 3.7 4.25 6.67 6.74 6.75 6.75 6.75
31,010 0.22 0.54 0.95 1.27 2.35 3.57 3.63 3.63 4.74 4.75 4.75 4.75

Appendix G: Table G.9: Depth-area-duration values for Albany, TX, August 3, 1978
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Appendix G: Figure G.10: Depth-area-duration chart for Albany, TX, August 3, 1978
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Incremental Precipitation (inches)

SPAS 1179 Storm Center Mass Curve: Zone 1
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Appendix G: Figure G.11: Mass curve chart for Albany, TX, August 3, 1978
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Appendix G: Figure G.12: Total storm isohyetal analysis for Albany, TX, August 3, 1978
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Enid, OK, AWA 21

October 10, 1973
Storm Type: MCC
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Storm Name: SPAS -1034-Enid, OK

Storm Date: 10-0ct-1973 Storm Adjustment for ANO Grid Point 1
AWA Analysis Date: :12/14/2013
Temporal Transposition Date 25-Sep
Lat Long Moisture Inflow Direction: SSE @ 225 miles
Storm center location 36.38N 978TW (Grid Point Elevation 350 feet
Storm Rep dew point location 33.35N 96.55 W Storm Center Flevation 1.250 feet
Transposition dewpoint location 30.30N 9692 W Storm Rep Analysis Duration 12 hrs
Grid Point location 3531N 9323 W
The storm representative dew pointis  75.0F with total precipitable water above sealevel of 2.85 inches.
The in-place maximum dew pointis  76.5F with total precipitable water above sealevel of 3.07  inches
The transpositioned maximum dew pointis  77.5F with total precipitable water above sealevel of 322 inches.
The in-place storm elevationis 1,250 which subtracts 0.31 inches of precipitable water at T5.0F
The in-place storm elevationis 1,250 which subtracts 0,325 inches of precipitable water at 76.5F
The transposition basin elevation at 0 which subtracts 0,285 inches of precipitable water at 71.5F
The Grid point/inflow barier heizhtis 1,050 which subtracts  0.285 inches of precipitable water at 77.5F

The in-place storm maximization factor is 1.08 Notes: DAD values taken from SPAS 1034. 12hr average taken from
The transposition/elevation to basin factoris 1.07 KDFW and WACO from 2100CDT 10-8-73 to 0800CDT10-10-73
The harrier adjustment factor is 1.00
The total adjustment factoris 1.16
|Observed Storm Depth-Area-Duration
6 Hours 12Hours | 13Hows | 24 Houwrs | 30Hours | 36 Hows | 48 Howrs | 60 Howrs : 72 Hows
1 sq miles 11.2 171 19.0 10.0 - 19.0 10.2 - 19.4
10 sq miles 10.7 16.3 18.1 18.1 - 18.1 18.3 - 18.5
100 sq miles 9.7 14.6 16.2 16.2 - 16.2 16.4 - 16.6
200 sg miles 9.1 13.7 15.2 152 - 15.2 153 - 15.5
300 sq miles 7.9 11.3 12.7 12.7 - 12.7 12.9 - 12.9
1000 sq miles 6.7 9.5 10.5 10.5 - 10.5 10.6 - 10.6
3000 sq miles 3.0 52 5.6 5.6 - 5.6 5.7 - 5.7
10000 sq miles 0.0 0.0 0.0 0.0 - 0.0 0.0 - 0.0
20000 sq miles 0.0 0.0 0.0 0.0 - 0.0 0.0 - 0.0
Adjusted Storm Depth-Area-Duration
6 Hours 12Hours | 183Howrs | 24 Howrs ! 30 Hours | 36 Howrs | 48 Hours ;| 60 Howrs : 72 Hows
1 sq miles 13.0 19.7 21.9 220 - 22.0 222 - 224
10 sq miles 124 18.9 20.9 20.9 - 20.9 2111 - 214
100 sq miles 11.2 16.9 18.7 18.7 - 18.7 18.9 - 19.2
200 sg miles 10.5 158 17.6 17.6 - 17.6 17.7 - 17.9
300 sq miles 9.1 13.1 14.7 14.7 - 14.7 14.9 - 14.9
1000 sq miles 7.8 10.9 12.2 122 - 122 122 - 12.3
3000 sq miles 4.5 6.0 6.5 6.5 - 6.5 6.6 - 6.6
10000 sq miles 0.0 0.0 0.0 0.0 - 0.0 0.0 - 0.0
20000 sg miles 0.0 0.0 0.0 0.0 - 0.0 0.0 - 0.0
Storm or Storm Center Name SPAS -1034-Enid, OK
Storm Date(s) 10/10/73
Storm Type MCC
Storm Location 638N 18T W
Storm Center Elevation 1250
|Precipitation Total & Duration 20.00 Inches 15-hours NCDC Storm Data report
Storm Representative Dewpoint 75.0F 12
Storm Representative Dewpoint Location 3333N 0653 W
Maximum Dewpoint 163 F
Moisture Inflow Vector SSE @ 225
|In-place Maximization Factor 1.08
Temporal Transposition (Date) 25-8ep 3 o
Transposition Dewpoint Location 030N 06.02 W 78 71
Transposition Maximum Dewpoint T13F
Transposition Adjustment Factor
Grid Point Elevation 350
|Highest Elevation in Basin 14,344
|infiow Basvier Heighe
Elevation Adjustment Factor
Total Adjustment Factor 1.16

Appendix G: Table G.10: Storm spreadsheet for Enid, OK, October 10, 1973
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Storm 1034 - Enid OK, October 9 - 12, 1973

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
Area (mi°) 1 2 3 4 5 6 12 18 24 36 48 72 96 total
1 277 4.26 574 7.96 922 1122 17.08 18.98 19.02 19.02 19.20 19.38 19.45 19.45
10 265 4.07 5.50 7.61 8.81 10.73 16.33 18.07 18.07 18.07 18.27 18.51 1858 18.58
100 236 383 498 6.83 7.90 9.65 14.64 16.19 16.20 16.20 16.37 16.58 16.64 16.64
200 221 340 4.79 6.43 740 9.09 13.69 16.19 1521 1521 16.30 1551 1557 1557
500 204 293 443 5.50 6.33 791 1132 12.69 12.69 12.69 12.66 12.89 13.06 13.06
1,000 1.85 2.65 3.89 458 540 6.71 9.45 1053 1053 1053 10.60 1063 10.89 10.89
5,000 054 1.48 238 276 318 391 518 563 5.63 563 567 568 632 6.32
SPAS #1034 DAD Curves —+—1-hour
Enid, OK October 9 - 12, 1973
—+—2-hour
10,000
—=— J-hour
—+—4-hour
1,000 ~ 5-hour
o -
N ! —+—6-hour
= X n
E 12-hour
= 1004 \ \
@
L4 —=— 18-hour
\ 24-hour
10 1 Y \ \ 36-hour
II "\I
\ \
\ ——48-ho
| \ ur
| \ \
| \
\ A —+— 72-hour
1 L i } 1 i L ' L } 1 } L ' L } N
0 2 4 6 8 10 12 14 16 18 20 | O Total storm
! gn B (96-hour)
Maximum Average Depth of Precipitation (inches)

Appendix G: Table G.11: and Appendix G: Figure G.13: Depth-area-duration values Depth-area-duration chart
for Enid, OK, October 10, 1973
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Appendix G: Figure G.14: Mass curve chart for Enid, OK, October 10, 1973
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Appendix G: Figure G.15: Total storm isohyetal analysis for Enid, OK, October 10, 1973
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Wooster, OH, AWA 24

July 4, 1969
Storm Type: Frontal/ MCC
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[Storm Name: Wooster, OH SPAS 1209
[Storm Date: 7/4-7/1969 Storm Adjustment for ANO Grid Point 8
[AWA Analysis Date: :12/14/2013
Temporal Transposition Date 15-Jul
Lat Long Moisture Inflow Direction SW@ 140  miles
Storm Center Location 4091 N 831.97TW (Grid Point Elevation 1,200 feet
Storm Rep Dew Point Location 3043N  B3s0W Storm Center Flevation 1,150 feet
Transposition Dew Point Location 41.25N 9446 W Storm Rep Analysis Duration 24 hours
Grid Point Location 37.50N  93.00 W
The storm representative dew pointis  76.0 F with total precipitable water above sea level of 299  inches.
The in-place maximum dew pointis  78.0F with total precipitable water above sea level of 329  inches.
The transpositioned maximum dew pointis  80.5F with total precipitable water above sea level of 3.68  inches.
The in-place storm elevationis 1,150 which subtracts 0.30 inches of precipitable water at T6.0F
The in-place storm elevationis 1,150 which subtracts 0.32 inches of precipitable water at T8.0F
The transposition basin elevationat 1,200 which subtracts 0.20 inches of precipitable water at 80.5F
The Grid point/inflow barrier heizhtis 1,000 which subtracts 0.30 inches of precipitable water at 80.5F

The in-place storm maximization factor is 1.10 Notes: DAD walues taken from SPAS 1209, Storm representative
The transposition/elevation to basin factor is 1.14 dew point value was based on maximum 24-hr Td values between
The barrier adjustment factor is 1.00 July 45, 1969 at KILN, KFFO, and KCVG.
The total adjustment factor is 1.25
Ohserved Storm Depth-Area-Duration

1 Hours 3 Hours 6 Hours 12Howrs : 18 Hours : 24 Howrs | 36 Hours : 48 Hours : 72 Howrs

1 sg miles 4.6 6.2 3.8 12.7 14.3 144 14.5 14.6 14.7

10 sg miles 4.2 6.0 8.7 123 13.7 13.7 13.8 14.0 14.0

100 sg miles 2.9 57 3.0 10.7 12.0 12.1 12.1 126 1.8

200 sg miles 2.5 5.5 7.7 10.4 11.6 11.6 1.7 12.2 12.4

500 sq miles 2.1 48 73 9.0 11.0 11.0 11.2 1.6 118

1000 sq miles 1.7 42 6.9 9.3 10.3 10.5 10.7 11.0 113

2000 sq miles 1.5 a7 6.2 8.5 2.4 2.7 2.8 10.2 10.4

3000 sg miles 1.0 1.6 4.5 6.3 7.0 7.1 74 7.6 7.9

10000 sqg miles 0.5 L6 2.7 4.4 4.7 4.8 5.4 5.5 5.8

20000 sg miles 0.3 1.0 1.8 2.6 34 3.5 3.7 3.8 4.0

Adjusted Storm Depth-Area-Duration

1 Hours 3 Hours 6 Hours 12Hours | 18Hours | 24 Hours | 36Hours : 48 Hours | 72 Hours

1 sqg miles 5.8 7.8 11.0 15,0 18.0 18.1 18.1 18.3 18.5

10 sgq miles 5.3 7.6 10.9 154 17.1 17.2 17.3 17.5 17.6

100 sg miles a7 7.2 10.0 13.4 15.1 15.1 152 15.8 16.1

200 sq miles 32 6.8 9.7 13.0 14.5 14.5 14.7 15.3 15.6

300 sg miles 2.6 6.1 9.2 12.4 13.7 13.7 14.0 14.6 14.8

1000 sq miles 21 52 8.7 11.6 12,0 13.2 13.4 13.8 14.1

2000 sg miles 1.8 4.7 7.8 10.6 11.8 12.1 12.3 12.7 13.0

3000 sq miles 1.3 33 5.6 7.0 8.8 3.0 2.3 9.6 2.0

10000 sqg miles 0.7 19 33 5.5 59 6.1 6.8 6.9 7.3

20000 sg miles 0.4 1.2 23 3.3 42 4.4 4.6 4.7 5.0

Storm or Storm Center Name

Wooster, OH SPAS 1209

Storm Date(s) 7/4-7/1960

Storm Type Synoptic

Storm Location 40.81N §1.9TW
Storm Center Elevation 1.150

Precipitation Total & Duration

14.73 Inches 72-hours

Storm Representative Dewpoint 16.0F 24
Storm Representative Dewpoint Location 394N §3.80 W
Maximum Dewpoint 180F

Moisture Inflow Vector SW @ 140 Miles
In-place Maximization Factor 110

Temporal Transposition (Date) 15-Jul

Transposition Dewpoint Location 41253N AW
Transposition Maximum Dewpoint 80.3F

Transposition Adjustment Factor 1.14

(rid Point Elevation 1,200

Highest Elevation in Basin 14344

Inflow Barrier Height 1.000

Elevation Adjustment Factor 1.00

Total Adjustment Factor 1.25

Appendix G: Table G.12: Storm spreadsheet for Wooster, OH July 4, 1969
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Storm 1209 - July 4 (0600 UTC) - July 7 (0500 UTC),1969
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHE 3)

Duration (hours)
Area (mi%) 1 2 3 B 12 18 24 36 48 72 Total
0.3 4.82 5.33 6.41 5.95 13.02 14.58 14.67 14.69 14.94 14.95 14.95
1 4.62 511 6.24 5.81 12.67 14.32 14.44 14.45 14.63 14.73 14.73
10 42 472 6.02 8.66 12.26 13.66 13.74 13.77 13.97 14.02 14.02
25 3.75 4.56 5.94 8.46 11.81 13.13 13.21 13.23 13.47 13.58 13.58
50 3.3 4.42 .84 8.25 11.14 12.57 12.59 12.69 12.97 13.19 13.19
100 2.93 427 5.71 7.99 10.72 12.02 12.06 1214 12.59 12.83 12.83
150 2.66 417 5.58 7.81 10.59 11.63 11.66 11.88 12.35 12.6 12.60
200 2.54 4.09 545 7.72 10.4 11.56 11.6 11.69 12.18 12.44 12.44
300 235 3.96 522 7.46 10.14 11.3 11.3 11.44 11.94 12.19 12.19
400 22 3.83 5.02 7.44 9.97 11.1 11.18 11.31 11.75 12 12.00
500 2.1 3.72 4.83 7.34 9.88 10.95 10.96 11.16 11.61 11.84 11.84
1,000 1.71 33 4.18 6.9 9.27 10.28 10.52 10.66 11.04 11.27 11.27
2,000 1.45 2.82 3.72 6.23 8.48 9.38 9.67 9.83 10.15 10.39 10.39
5,000 1 1.93 2.64 445 6.27 7.02 7.08 74 7.62 74 7.90
10,000 0.54 1.14 1.55 2 66 4.35 4.74 4.83 5.42 552 5.81 5.81
20,000 0.33 0.69 0.97 1.82 2.64 3.37 347 3.65 3.78 3.98 3.98
28,279 0.27 0.51 0.74 1.33 213 25 2.59 279 2.89 3.06 3.06

Appendix G: Table G.13: Depth-area-duration values for Wooster, OH July 4, 1969

Area (mi?)

SPAS 1209 DAD Curves
July 4-7, 1969
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Appendix G: Figure G.16: Depth-area-duration chart for Wooster, OH July 4, 1969
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Appendix G: Figure G.17: Mass curve chart for Wooster, OH July 4, 1969
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Appendix G: Figure G.18: Total storm isohyetal analysis for Wooster, OH July 4, 1969
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Gladewater, TX, AWA 25
April 27, 1966
Storm Type: Frontal
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Storm Adjustment for ANO Grid Point 1

ransy Diate 15 Mav
Lak Laeg Nloisture Inflow Direction: SSE & 130 miles
Storm center location 3280 MTIW (Grid Point Flevation asn fest
Storm Rep S5T location 3LION 9400 W Storm Center Eleration 20 fest
ITramsposition SST lecation 5N 1749w Storm Rep Analysis Duration 24 hours
1Grid Point location 53N 0323 W
The storm representztive S5T iz TI5F with totzl pracipitable water above sea level of 242 inches.
The in-place masimum 83T is TTOF with total precipitzble water above sealevel of 314 nches.
The transpositboned manimm S5T is TTOF with total precipitable water above sea level of 314 mches.
The in-place stomm slevation is 250 which subtmcts 0.06 inches of precipitable water at TISF
The in-place steem efevahon is 250 whach subtracts a7 mches of precipstable water at TIRE
The transposition stomm elevamon at =50 which subtracts 228 inches of precipetable water at TIOF
The Geid point Inflow barrier beisht is 1,050 which subtracts 0.28 inches of precipitable water at TI8F
The in-place sasmizton factoris. | 130 Fe=
The transpositon facter 1s 0.93
The clevanon bameer adjustment facteris 1.00
The fodal adjustment facter is 121

Wsgmiles: 58 106 108 141 = 175 181 : 203
10 sqmiles! 7 93 9.6 15 - 149 152 - 182
MOsgmiles. 74 2.0 9.1 115 - 131 143 - . 178
S sqmiles] 66 21 82 103 - 126 13.0 . . 147
1000 sqmiles! &0 70 71 93 - 118 122 - - 158
2000 sqmiles] 48 &0 6.1 81 = 02 118 : 145
H00sqmiles] 34 48 51 64 z 26 8.6 - 1L6
10000 sqmiles! 2.7 40 41 50 E 73 74 - . 104

20000 sqmiles! 2.1 14 3.9 43 = 56 6.0 2 Y

Wsgmiless 107 | 138 131 171 = 211 219 : :
1 sqmilesl 95 115 1L6 151 - 181 185 - . 11
M0sgmilesi 240 109 110 141 - 158 T3 - T
S sqmilesl R0 2.8 5.9 1.5 - 153 1538 . 202
1000sqmilesi 72 | 85 7 12 - 143 14.7 - 19:2
2000 sqmiles 6.0 7.2 74 09 = 124 133 : 17.7
H00sgmiles] 41 ) 62 7.7 z 104 10.4 - 140
10000 sqmiles! 3.2 48 50 6.1 E 28 2.0 - © 129

20000 sqmiles! 2.6 41 47 52 = 6.8 7.2 2 T

|5tom or Stemm Center Name SPAS 1151 Gladewater, T
[5tom Datefs) L72.51/1066
tom Type General Storn
|5tons Location 3N MW
{5tom Center Hlevation
iI‘t:- tpa Total & Themton (10 sq =) iches m 306 bowes_ 18577 in T2hes
|5tomm Bepresentstive 35T TLSF
|5tom Bepresentstive 55T Location LN 400 W M
{implace Mamimom S5T 770F Fii
| foistime Tflow Vectar SSE @ 130
Jire place Mzsimization Factor
Temporal Transpositson (Date) 153 May
Transpositson Dewpodnt Location 31N aTawW M
Transposition Maximnm SST TI0F 7
Transpositon Adustment Factor
{(Grid Poit Elevation 3%
|Fizhest Blevation in Basin 1434
|ifiow Bamier Height
evaton Adjustment Factor
|Tot=! 2 djusement Factor 121

Appendix G: Table G.14: Storm spreadsheet for Gladewater, TX, April 27, 1966
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Storm 1181 - April 22, 1966 (1400 UTC) - May 1, 1966 (0400 UTC)

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)

Area {mi%) 1 3 6 12 18 24 36 48 72 96 120 144 168 192 206 Total
0.30 2.98 5.88 917 10.89 11.12 14.53 18.21 18.57 21.04 2117 2117 21.58 23.27 2521 25.28 25.28

1 2.92 5.75 8.97 10.59 10.80 14.13 17.74 18.09 20.49 20.68 20.69 21.10 22.51 24.41 2452 24.52

10 292 5.68 8.82 10.59 10.80 14.12 17.45 18.07 20.49 20.68 20.69 2110 2281 2441 24.52 24.52
25 2.83 5.57 8.35 10.32 10.47 13.69 16.88 17.38 20.01 2013 2013 20.61 22.51 24.41 24 .52 24.52
50 2.7 5.43 8.21 9.96 10.13 13.16 16.14 16.47 19.11 19.42 19.46 19.53 22.51 24.41 24 .52 24.52
100 254 5.23 7.87 9.48 9.61 12.46 14.93 15.23 18.20 18.57 18.57 19.35 22.28 24.22 2446 2446
150 244 5.08 7.67 9.15 9.24 11.98 14.43 14.74 17.64 18.15 18.15 19.02 22.12 23.84 24.30 24.30
200 2.36 4.96 T42 8.98 9.09 11.60 13.07 14.28 17.02 17.98 18.02 15.89 21.95 23.80 2414 24.14
300 2.18 477 7.19 8.63 8.74 10.67 12.91 13.78 16.67 17.65 17.88 18.63 21.61 23.72 23.82 23.82
400 2.16 4.61 6.99 8.31 8.38 10.48 12.75 13.39 16.67 17.27 17.30 18.31 2141 23.32 23.55 23.55
500 1.99 423 6.62 8.08 8.19 10.31 12.59 13.01 16.66 17.19 17.26 17.90 2121 2315 2329 23.29
1,000 1.74 3.82 597 7.01 714 9.28 11.83 1217 15.85 16.49 16.70 17.35 20.22 21.60 22.20 22.20
2,000 1.48 3.24 4.94 597 6.10 8.13 10.22 10.97 14.62 15.22 15.34 16.02 18.68 20.32 20.60 20.60
5,000 1.02 2 3.38 4.84 513 6.38 8.56 §.56 11.57 11.93 13.28 13.60 14.97 17.43 15.28 18.28
10,000 0.4 1.73 2.68 4.04 4.14 5.01 72T 741 10.61 11.50 11.87 12.20 13.75 15.98 16.30 16.30
20,000 0.61 1.38 2m 3.38 3.88 432 564 5.95 5.98 9.52 9.53 9.92 12.48 14.03 14.34 14.34
50,000 0.34 1.00 1.52 2.57 2.88 3.44 4.20 4.84 6.94 7.86 7.97 5.44 9.21 10.90 11.37 11.37
110,790 0.20 0.52 0.51 1.50 1.50 1.77 2.92 3.28 4.96 5.68 5.80 6.18 7.06 7.87 5.14 5.14

Appendix G: Table G.15:

SPAS #1181 DAD Curves Zone 1
April 22 - May 1

—a—1-hour
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Maximum Average Depth of Precipitation (inches)
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[]206—hour]
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Depth-area-duration values for Gladewater, TX, April 27, 1966

Appendix G: Figure G.19: Depth-area-duration chart for Gladewater, TX, April 27, 1966
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Appendix G: Figure G.20: Mass curve chart for Gladewater, TX, April 27, 1966
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Appendix G: Figure G.21: Total storm isohyetal analysis for Gladewater, TX, April 27, 1966
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Edgerton, MO, AWA 26

July 18, 1965
Storm Type: Frontal/ MCC

Page 35 0f 96



[Storm Name: SPAS 1183 Fdgerton, MO
[Storm Date: 7/18-20/1965 Storm Adjustment for ANO Grid Point 1
|AWA Analysis Date: :12/14/2013
Temporal Transposition Date 15-Jul
Lat Long Moisture Inflow Direction SW@ 100  miles
Storm Center Location 4041IN O9551W (Grid Point Elevation 350 feet
Storm Rep Dew Point Location 3022N 06.58W Storm Center Flevation 950 feet
Transposition Dew Point Location 41.54N  03.60 W Storm Rep Analysis Duration 24 hours
(Grid Point Location 3531N 9323 W
The storm representative dew pointis 760 F with total precipitable water above sealevel of 2.99  inches.
The in-place maximum dew pointis 805 F with total precipitable water above sealevel of 3.68 inches.
The transpositioned maximum dew pointis  80.5F with total precipitable water above sealevel of 3.68  inches.
The in-place storm elevation is 950 which subtracts ~ 0.25 inches of precipitable water at 76.0F
The in-place storm elevation is 950 which subtracts ~ 0.29 inches of precipitable water at 80.5F
The transposition storm elevation at 350 which subtracts  0.30 inches of precipitable water at 805F
The Grid Point/inflow barrier heightis 1,000 which subtracts 0,30 inches of precipitable water at 80.5F
The in-place mawimization factor is 1.24 Notes:
The transposition factor is 1.00
The elevation/barier adjustment factor is 1.00
The total adjustment factor is 1.23
Ohserved Storm Depth-Area-Duration
1Hours ; 6 Hours 12 Hours 18 Howrs | 24 Hours | 30 Houwrs | 36 Howrs | 48 Howrs | 60 Hours | 72 Howrs
1 sq miles a7 11.8 16.7 17.2 18.0 - 10.3 10.4 20.1 -
10 sq miles 35 11.1 154 16.5 17.6 - 12.0 19.1 19.7 -
100 sq miles 24 7.5 11.0 11.5 134 - 153 16.4 17.2 -
200 =q miles 1.8 6.2 9.2 9.9 12.7 - 142 154 16.2 -
300 sq miles 14 4.4 6.1 8.2 10.9 - 13.4 130 15.2 -
1000 sq miles 1.2 a7 5.8 7.6 9.5 - 12.1 12.0 13.8 -
2000 sq miles 1.0 35 4.9 6.8 8.7 - 10.8 11.8 12.7 -
3000 sq miles 0.6 27 a8 5.6 6.9 - 8.5 9.7 10.4 -
10000 sq miles 0.4 21 32 4.0 5.2 - 7.0 7.7 3.2 -
20000 sg miles 0.2 1.4 2.2 2.8 3.6 - 4.9 5.4 5.8 -
Adjusted Storm Depth-Area-Duration
1Hours | & Hours 12 Hours 18 Hours : 24 Hours : 30 Hours : 36 Hours | 48 Howrs | 60 Hours | 72 Hours
1 =g miles 4.5 145 20.6 213 222 - 23.7 218 247 -
10 sq miles 4.3 13.7 12.0 20.3 21.6 - 234 234 242 -
100 sq miles a0 9.2 13.5 142 16.5 - 188 20.2 212 -
200 =q miles 22 7.6 11.4 12.2 15.6 - 174 18.9 19.9 -
300 =g miles 1.7 5.4 7.5 10.0 13.4 - 16.4 17.1 18.7 -
1000 sq miles 15 4.6 7.1 9.3 11.7 - 149 16.0 17.0 -
2000 sq miles 1.2 4.3 6.1 8.4 10.8 - 13.2 14.5 15.6 -
3000 sg miles 0.8 i3 4.7 6.0 8.5 - 10.5 11.9 12.8 -
10000 =q miles 0.5 25 39 4.9 6.4 - 8.6 9.4 10.1 -
20000 sg miles 0.4 1.8 2.7 3.5 4.4 - 6.0 6.6 7.1 -

Storm or Storm Center Name

SPAS 1183-Fdgerton, MO

Storm Date(s) 7/18-20/19635

Storm Type General StormMCC
Storm Location 4041N 9351 W
Storm Center Elevation 230

Precipitation Total & Duration (10 sq mi)

20.76 inches in 60hrs, 18.38" in 24hrs

Storm Representative Dew Point 160F 24
Storm Representative Dew Point Location 392N 96.58 W
Maximum Dew Point 803F

Moisture Inflow Vector SW @ 100

In-place Maxmization Factor 1.24

Temporal Transposition (Date) 15-Jul

Transposition Dew Point Location 4134N 93.60 W
Transposition Maximum Dew Point 805F

Transposition Adustment Factor 1.00

Grid Point Elevation 330

Highest Elevation in Basin 14344

Inflow Barrier Height 1.000

Elevation Adjustment Factor 1.00

Total Adjustment Factor 1.23

Appendix G: Table G.16: Storm spreadsheet for Edgerton, MO July 18, 1965
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Storm 1183 - July 18, 1965 (0600 UTC) to July 20 (1800 UTC), 1965

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)

Area (mi?) 1 3 5 12 1 24 36 48 50 Total
0.30 377 734 1206 1713  17.80 1859  19.82  19.86  20.76 | 20.76
1 3.68 743 177 1672 1729 1804 1927 1935 2008 | 2008
10 3.49 679 1111 1541 1649 1756 1900 1906 1971 | 1971
25 3.15 5.96 993 1405 1523 1632  18.04 1812  19.06 | 19.06
50 283 5.35 883 1260 1381 1505 1679 1737 1827 | 1827
100 243 4.36 762 1095 1154 1341 1527 1639 1722 | 17.22
150 2.21 4.26 6.84 996 1134 1296 1523 1569 1666 | 16.66
200 179 3.94 6.18 9.23 990 1266 1418 1538 1618 | 1618
300 1.55 2.99 5.41 7.86 953 1145 1380 1449 1571 | 1571
400 152 2.90 474 7.48 530 1104 1343 1413 1544 | 1544
500 1.41 273 435 6.13 817 1088 1337 1388 1517 | 1547
1,000 1.21 2.09 3.71 5.79 7.57 948 1208 1304 1383 | 13.83
2,000 0.98 182 3.49 4.94 6.83 874 1076 1180 1270 | 1270
5,000 0.64 1.56 2.69 3.84 5.57 6.92 8.50 966 1042 | 1042
10,000 0.44 1.24 2.06 3.16 4.00 5.23 7.03 7.67 8.24 8.24
20,000 0.29 0.82 1.44 2.21 2.81 3.59 4.86 5.36 5.81 5.81
35,221 0.19 0.45 0.83 117 1.78 2.29 257 3.46 3.72 3.72

Appendix G: Table G.17: Depth-area-duration values for Edgerton, MO July 18, 1965
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Appendix G: Figure G.22: Depth-area-duration chart for Edgerton, MO July 18, 1965
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Appendix G: Figure G.23: Mass curve chart for Edgerton, MO July 18, 1965
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Appendix G: Figure G.24: Total storm isohyetal analysis for Edgerton, MO July 18, 1965
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College Hill, OH, AWA 30

June 3, 1963
Storm Type: MCC
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|Smm Name: College Hill, OH SPAS 1226
[Storm Date: 6/3-5/1963 Storm Adjustment for ANO Grid Point 8
|AWA Analysis Date: :12/14/2013
Temporal Transposition Date 15-Jun
Lat Long Moisture Inflow Direction SWa@ 95 miles
Storm Center Location 40.00 N 8l.65W (Grid Point Elevation 1,200 feet
Storm Rep Dew Point Location 3020N 83.00W Storm Center Elevation 1,000 feet
Transposition Dew Point Location 42.84N  03.00W Storm Rep Analysis Duration 12 hours
Grid Point Location 37.50N  93.00W
The storm representative dew pointis  68.5F with total precipitable water above sea level of 210  inches.
The in-place maximum dew pointis  76.5F with total precipitable water above sea level of 3.07  inches.
The transpositioned maximum dew pointis 780 F with total precipitable water above sea level of 329  inches.
The in-place storm elevationis 1,000 which subtracts 0.21 inches of precipitable water at 685F
The in-place storm elevationis 1,000 which subtracts 027 inches of precipitable water at T6.5F
The transposition basin elevationat 1,200 which subtracts 0.28 inches of precipitable water at 78.0F
The Grid point/inflow barrier heightis 1,000 which subtracts 0.28 inches of precipitable water at 78.0F

The in-place storm maximization factor is 1.48 Notes: Storm representative dew point value was based on

The transposition/elevation to basin factor is 1.08 maximum 12hr Td values between June 4-3, 1963 at KLCE,

The barrier adjustment factor is 1.00 JKILN, and KHTS.
The total adjustment factor is 1.60
(Ohserved Storm Depth-Area-Duration
1 Hours 3 Hours 6 Hours 12Hours ;| 18Howrs ;| 24 Hours | 36 Hours 48 Hours 12 Hours

1 sq miles 2.5 5.6 10.5 15.1 17.1 17.6 17.7 17.7 -

10 sq miles 2.1 4.6 3.1 12.4 13.3 13.9 14.0 14.1 -

100 sq miles 14 2.9 5.5 7.8 8.6 8.7 9.7 9.0 -

200 sg miles L0 2.3 4.5 5.8 6.5 6.6 8.1 8.3 -

500 sq miles 0.6 L& 22 3.7 4.4 5.3 5.7 6.6 -

1000 sg miles 0.5 1.3 22 33 34 34 5.1 52 -

2000 =q miles 0.4 0.5 1.0 23 32 33 4.3 4.5 -

3000 sq miles 0.2 0.4 0.7 1.1 13 1.7 2.9 3.0 -
10000 sg miles 0.1 0.2 0.5 0.8 1.1 1.3 L6 L7 -
20000 sgq miles - - - - - - - - -

Adjusted Storm Depth-Area-Duration
1 Hours 3 Hours 6 Hours 12Hours : 18Hours : 24 Hours ;| 36 Hours 48 Hours 72 Hours

1 =q miles 41 8.0 16.8 241 273 28.0 283 283 -

10 sg miles 33 7.3 12.9 19.8 212 2232 224 225 -

100 sq miles 22 4.6 3.8 12.4 13.7 13,9 154 15.7 -

200 =q miles L6 a7 7.1 9.3 10.4 10.6 12.0 13.2 -

300 =g miles 0.9 2.6 3.6 5.8 7.0 8.4 2.1 10.5 -

1000 =g miles 0.8 2.0 35 53 5.4 5.4 8.2 8.3 -

2000 sq miles 0.6 0.8 1.6 a7 5.1 52 6.9 7.2 -

3000 sg miles 0.3 0.7 11 1.7 21 2.7 4.6 4.8 -
10000 =q miles 0.2 0.4 0.7 12 18 2.1 2.6 2.7 -
20000 sg miles - - - - - - - - -

Storm or Storm Center Name

College Hill, OH SPAS 1226

Storm Date(s) 6/3-3/1963

Storm Type MCC

Storm Location 4008 N 8165 W
Storm Center Elevation 1,000

Precipitation Total & Duration

19.3% Inches 48-hours

Storm Representative Dew Point 685F 12
Storm Representative Dew Point Location 920N 33.00 W
Maximum Dew Point T63F
Moisture Inflow Vector SW@os
|In-place Maximization Factor 1.48
Temporal Transposition (Date) 15-Jun
Transposition Dew Point Location 4184 N 03.00W
Transposition Maximum Dew Point I180F
Transposition Adjustment Factor 1.08
(Grid Point Elevation 1,200
Highest Elevation in Basin 14344
|Inflow Barrier Height 1,000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.60

Appendix G: Table G.18:
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Storm 1226 - June 4 (0600 UTC) - June 6 (0600 UTC), 1963
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
Area (mi?) 1 3 B 12 18 24 36 48 Total
0.1 2.81 6.28 11.5 17.08 15.99 19.16 19.37 19.39 19.39
1 2.54 5.56 10.53 15.07 17.09 17.56 7.7 17.7 17.70
10 2.08 4 56 8.1 12.37 13.28 13.9 14 14.11 14.11
25 1.83 3.9 7.32 10.61 12.1 12.33 12.49 12.72 12.72
50 1.61 34 6.46 923 10.18 10.23 11.13 11.34 11.34
100 1.36 2.85 £A 7.79 8.59 8.69 9.66 9.86 9.86
150 1.2 25 4.85 7.23 8.14 §.28 8.79 .98 8.98
200 1.02 232 4.45 5.8 6.54 6.62 8.06 8.26 8.26
300 0.93 1.93 3.54 555 6.26 6.28 7.28 7.7 7.70
400 0.7 1.67 224 373 531 5.93 6.5 7.13 713
500 0.55 1.61 223 3.66 4.37 .28 573 6.57 6.57
1,000 0.53 1.28 218 3.34 3.37 3.39 512 519 519
2,000 0.37 0.52 1.03 23 3.22 3.28 43 45 4.50
5,000 017 0.41 0.67 1.09 1.31 1.67 286 3 3.00
10,000 0.1 0.24 0.46 0.78 1.12 1.3 1.61 1.7 1.70
10,512 0.1 0.24 0.44 0.75 1.08 1.26 1.5 1.6 1.60

Appendix G: Table G.19: Depth-area-duration values for College Hill, OH June 3, 1963

Area (mi?)

SPAS 1226 DAD Curves Zone 1
June 4-6, 1963

100,000

10,000 ~

1,000 { )

100 A

10 4

—a— 1-hour

2-hour
—=—3-hour
—+— B-hour
—+—12-hour

18-hour
—— 24-hour
—8— 35-hour

—#— 43-hour

howr)

O Total storm (48-

Maximum Average Depth of Precipitation (inches)

Appendix G: Figure G.25: Depth-area-duration chart for College Hill, OH, June 3, 1963
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Appendix G: Figure G.26: Mass curve chart for College Hill, OH, June 3, 1963
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Appendix G: Figure C.27: Total storm isohyetal analysis for College Hill, OH June 1963
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Camp Polk, LA, AWA 81
April 23, 1953
Storm Type: Frontal
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Storm Name: USACE LMV 5-3 Camp Polk, LA
Storm Date: 4/24.5-4/1053 Storm Adjustment for ANO Grid Point 1
AWA Analysis Date: :12/17/2013
Temporal Transposition Date 15-May
Lat Long Moisture Inflow Direction: ESE @ 50 miles
Storm center location 310SN  9320W (Grid Point Elevation 400 feet
Storm Rep SST location 30.77N 9242 W Storm Center Elevation 350 feet
Transposition Dew Point Location 35.03N 9241'W Storm Rep Analysis Duration 12 hours
Grid Point location 35.31N 0323 W
The stonm representative 88Tis  75.0F with total precipitable water above sea level of 2.85  inches.
The in-place maximum $5Tis  76.5F with total precipitable water above sea level of 3.07  inches.
The transpositioned maximum 58Tis  74.5F with total precipitable water above sea level of 2.7%  inches.
The in-place storm elevation is 350 which subtracts 0.08 inches of precipitable water at 75.0F
The in-place storm elevation is 350 which subtracts 0.08 inches of precipitable water at 76.5F
The transposition storm elevation at 400 which subtracts 0.10 inches of precipitable water at T45F
The grid point/inflow barrier height is 400 which subtracts 0.10 inches of precipitable water at 74.5F

The in-place maximization factor is 1.08 MNotes: DAD walves from SUACE LMV 5-3. Added 2°F to the
The transposition factor is 0.90 USAC.E_, S_H:n'n Rap Td to account for average climatology from 12-
The elevation barrier adjustment factor is 1.00 e pessisting climatology.
The total adjustment factor is 0.97
Observed Storm Depth-Area-Duration
6Hours : 12 Hows 18 Hours 24Hours | 48Howrs | 72 Hows | 06 Hours | 120 Howrs | 144 Hours
10 sq miles 8.0 13.2 15.0 15.5 15.7 16.2 16.2 16.2 20.0
100 sq miles 7.6 11.7 13.5 13.8 14.0 14.2 14.2 14.5 19.1
200 sq miles 7.3 11.2 12.9 13.3 134 13.5 13.5 13.0 18.6
300 sq miles 6.8 10.5 12.1 12.5 12.5 12.6 12.6 13.1 17.6
1000 sq miles 6.3 2.8 11.4 11.8 11.8 11.8 11.8 12.5 16.8
2000 sq miles 5.7 2.0 10.5 11.0 11.0 11.0 11.0 11.7 15.8
3000 sg miles 4.7 7.6 9.1 9.7 9.7 9.7 9.7 10.6 14.3
10000 sq miles 39 6.4 7.8 8.7 8.7 8.4 8.7 9.5 13.0
20000 sq miles 3.0 5.0 6.4 7.4 7.4 7.4 7.4 8.2 11.4
30000 sg miles 1.8 a1 4.1 4.8 5.4 5.4 5.4 6.1 8.8
Adj 1 Storm Depth-Area-Dr
6 Hours | 12 Hours 18 Hours 24 Houwrs | 30Houwrs ; 36Hours | 48 Hours | 60 Hours ;| 72 Hours
10 =q miles 7.8 12.8 14.6 15.1 15.2 15.7 15.7 157 10.4
100 sq miles 7.4 11.4 13.1 13.4 13.6 13.8 13.8 141 18.5
200 sq miles 7.1 10.9 12.5 12.0 13.0 13.1 13.1 13.5 18.1
300 sq miles 6.6 10.2 11.8 12.1 12.1 12.2 12.2 12.7 17.1
1000 sq miles 6.1 9.5 11.1 11.5 11.5 11.5 11.5 12.1 16.3
2000 =q miles 5.5 8.7 10.2 10.7 10.7 10.7 10.7 11.4 153
3000 sq miles 4.6 7.4 8.8 2.4 2.4 2.4 2.4 10.3 13.9
10000 sq miles is 6.2 7.6 8.4 8.4 82 84 0.2 1.6
20000 sq miles 29 4.9 6.2 7.2 7.2 7.2 7.2 8.0 11.1
30000 sq miles 1.7 3.0 4.0 4.7 5.2 5.2 5.2 5.9 8.5
Storm or Storm Center Name USACE LMV 5-3 Camp Polk, LA
Storm Date(s) 4245471933
Storm Type Frontal
Storm Location 3105 N 93.20 W
Storm Center Elevation 350
Precipitation Total & Duration (10 sq mi) 21.10 inches in 264 hours
Storm Representative 85T J5.0F M
Storm Representative S5T Location 307N 242w M
In-place Maximum SST 1635 F 80
Moisture Inflow Vector ESE @ 50
In-place Maximization Factor
Temporal Transposition (Date) 15-May
Transposition Dewpoint Location 303N 041w M
Transposition Maximum 55T J45F 81
Transposition Adjustment Factor
(Grid Point Elevation 400
Highest Elevation in Basin 14344
Inflow Barrier Height
Elevation Adjustment Factor
Total Adjustment Factor 0.97

Appendix G: Table G.20:
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CEPRRTFENT OF THE AldiY QORFS OF ENGINEERS

STORM STUDIES - PERTINENT DATA SHEET
Sterm of 23 April - b+ May 1953
Assignment LMV 5.3
Locatlon La. , Mies., ark,, Tex.
AL vy
Divistem, New Orleans District]
Office
Part I Reviewed by H. M. Sec. of
Weather Bureau, 4-10-58
Fart II Approved by Office, Chief
of Engineera for Distributrion
of Factual Data, f-13-£1
Remarka:
Cepter at Camp Pollk, La.
Dewpt T3® - Ref Pt 50 ESE
Grid Hel3
Th AND . TAT Pl
PART I
Preliminary ischyetal map, in U shest , seale 1:2,500,000
Precipitation data and mass curves: (Numbar of Sheets)
Form 5001-C (Hourly precip. data)__ - ____ . ______._..__ 59
Form 500i1-B {24-heur * Ve ——— kg
Form 5001-D (> * * S SR
Miscl. precip. records, metesrological datm, efc.. .o _._ .
Form 5002 (Mass ralnfall curves). . __ . ______ . ___._ memas BT
EART II
Final lsohyetal maps,in 1  sheet , scale 1:1,000,000
Dota and computation sheets:
Form 5-10 (Data from mass rainfall curves)._.________._. 21
Form S-11 (Depth-ares data from isohyetal map)___.______. 3
Farm 5-12 (Maximum dapth-curation data)._ ... _______ 16
Maximum duration-depth-sres carves______ .. ____ ——mm— = 1
Data relating to periods of maximum rainfell . o ccecmaeaaa £
MAXIMUM _AVERAGE DEPTH_OF RAINFALL IN_INCHES
Area in 3. ML Duratien of Rainfall in Hours
A 12 | 18 | 2] 36|48 172 |96 | 120 | 1L | 26%
1o | 6.0 | 13.2| 15.0 15.5) 15.7] 15.7] 15.2{15.2 [16.2 |20.0 |21.1
W00 | 7.6 | 12.7| 13.5| 13.48) 1.0 1e.0f 14.2{1%.2 [14.5 (19.1 (20.1
200 | 7.3 | 12.2) 12.9] 13.3) 13.4) 13.4) 13.5)313.5 J13.9 |18.8 |15.&
500 | A | 10.51 12,1 12.5] 12.5) 12.5] 12.46(12.A |13.1 |17.6 |18.9
1000 | 6.3 9.8 11.4) 11.8¢ 11.8] 11.8| 11.8(11.8 [12.5 |16.4 [18.1
2000 | 5.7 | 9.0/ 10.5) 11,0} 12.0f 11.0| 11.0031.0 |11.7 [15.8 [1T.2
5000 | b7 | 7.6 9.1 9.7] 2.7 9.7 9.7| 2.7 |10.4 |1k.3 |15.8
wooo | 3.9 | A% T7.8] E.7] B.7| G.7| 8.7) B.7 | 9.5 [13.0 |ab.s
20000 | 3.0 50| A.4] T.40 T.&| T.4f T.&( 7.4 | .2 (1p.4 {13.3
S0000 | 1.0 3.1 L.} L8] s 54) 5.8 5.4 g | BA 11,3
TOODO | 1.3 2.4 3.2 1.4] B.n| bowl bbbk | 5.3 1 7.7 |10.5

Form 5-2

Appendix G: Table G.21: Depth-area-duration values for Camp Polk, LA April 23, 1953
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DEPARTMENT OF THE ARMY —___CORPS OF ENQINEERS
STORM STUDIES - ISOHYETAL MAP
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Appendix G: Figure G.28 and Figure G.29: Total storm isohyetal analysis and mass curve chart for
Camp Polk, LA April 23, 1953
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Harrisonburg Dam, LA, AWA 79

May 11, 1953
Storm Type: MCC
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[Storm Name: USACE LMYV 54 Harrisonburg Dan]
[Storm Date: 5/11-19/1953 Storm Adjustment for ANO Grid Point 1
|AWA Analysis Date: :12/17/2013
Temporal Transposition Date 1-Jun
Lat Long Moisture Inflow Direction: S8W @ 90  miles
Storm center location 31L.77TN 91.82 W (Grid Point Elevation 400 feet
Storm Rep dew point location 30.60N 9253 W Storm Center Elevation 100 feet
Transposition dewpoint location 3415N 93.9TW Storm Rep Analysis Duration 24 hours
Basin location 3531N 9323 W
The storm representative dew pointis  76.0F with total precipitable water above sea level of 2.99  inches.
The in-place maximum dew pointis  79.0F with total precipitable water above sealevel of 3.44  inches.
The transpositioned maximum dew pointis  77.0F with total precipitable water above sealevel of 314  inches.
The in-place storm elevation is 100 which subtracts 0.03 inches of precipitable water at T6.0F
The in-place storm elevation 1s 100 which subtracts 0.03 inches of precipitable water at 79.0F
The transposition basin elevation at 400 which subtracts 0.11 inches of precipitable water at 77.0F
The inflow barrier/basin elevation heightis 4,400 which subtracts 0.11 inches of precipitable water at 77.0F
The in-place storm maximization factor is 115 Notes: DAD valoes from SUACE LMYV 5.3, Agé=t 2°F to the
The transposition/elevation to basin factor is 0.89 CE‘AC‘E_' S_tm“ _RE'P Tédto acconnt for average climatalogy from 12-
The barrier adjustment factor is 1.00 [z persisting climatology.
The total adjustment factor is 1.02
Ohbserved Storm Depth-Area-Duration
& Hours 12 Hours 18 Hours | 24 Howrs : 48 Hours | 72 Howrs : 96 Hours : 120 Howrs : 144 Hours
10 =q miles 9.2 11.7 17.5 18.0 19.6 20.4 213 237 254
100 sg miles 8.3 10.9 16.5 17.4 18.7 19.5 20.3 216 242
200 sq miles 7.9 10.5 15.9 16.0 18.2 19.0 19.9 221 23.6
300 sg miles 7.2 9.6 14.6 155 17.0 18.0 18.9 212 226
1000 sg miles 6.5 8.7 13.0 14.0 158 16.9 17.9 20.0 218
2000 sq miles 5.7 7.6 11.3 12.3 14.5 158 16.8 18.7 20.9
3000 sq miles 4.5 6.1 8.0 0.0 127 14.0 152 16.7 19.3
10000 sq miles a5 4.9 6.9 8.0 11.1 1.6 13.7 15.0 17.7
20000 sq miles 2.4 3.6 5.0 6.1 9.2 10.7 12.0 12.0 15.5
30000 sq miles 1.4 2.3 2.0 4.3 6.8 8.1 2.3 10.0 12.1
Adj d Storm Depth-Area-Duration
6 Hours 12 Hours 18 Howrs | 24 Howrs ;| 48Howurs : 72 Howrs | 96 Hours : 120 Howrs ; 144 Hours
10 sq miles 9.4 12.0 17.9 18.4 20.1 20.8 218 243 26.0
100 sg miles 8.5 11.2 16.9 17.8 19.1 20.0 20.8 231 248
200 sq miles 8.1 10.7 16.3 16.4 18.6 19.4 20.4 226 242
300 sg miles 7.4 9.8 14.9 15.9 17.4 18.4 19.3 2.7 231
1000 sq miles 6.7 8.0 13.3 143 16.2 17.3 18.3 20.5 223
2000 sg miles 5.8 7.8 11.6 12.6 148 16.2 17.2 12.1 214
3000 sq miles 4.6 6.2 9.1 10.1 13.0 143 15.6 17.1 10.8
10000 sq miles 3.6 5.0 7.1 8.2 11.4 12.9 14.0 15.4 18.1
20000 sq miles 15 a7 51 6.2 0.4 11.0 12.3 13.2 15.0
30000 sq miles 1.4 2.4 3.1 4.4 7.0 8.3 9.5 10.2 1.4
Storm or Storm Center Name USACE LMV 5-4 Harrisonburg Dam, LA
Storm Date(s) 3/11-19/1933
Storm Type Frontal
Storm Location 3LTTN 2182 W
Storm Center Elevation 100
|Precipitation Total & Duration (10 sg mi) 2540 inches in 180 hours
Storm Representative 85T T60F 24
Storm Representative S8T Location 3060 N 9233 W M J
|In-place Maximum S8T T00F 80
|Moisture Inflow Vector SSW @ 90
Il.n—place Maximization Factor 115
Temporal Transposition (Date) 1-Tun
Transposition Dewpoint Location 3415N 9397 W M J
Transposition Maximum SST TI0F 81
Transposition Adjustment Factor
Grid Point Elevation 400
|Eighest Elevation in Basin 1434
|Eaflow Basrier Height P
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.02

Appendix G: Table G.22: Storm spreadsheet for Harrisonburg Dam, LA May 11, 1953
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CEPARTHERT OF THE AFMY CORPE OF ENSIHEERS

STORM STUDIES - PERTINENT DATA SHEET
Storm of 11-19 May 1953
o WANE O B wem Assignment LIV 5-k
Location 1a., briss., Tex.
Study Prepared by:
Lowver Mississippl Valley
Divisicn, Hew Orleans
Matrict Office

Part I Reviewed by H. M. Sec. of
Weather Bureau, £-15-5¢€
Part IL Approved by Office, Chief

of Engineers for Distribution
of Factual Data, £-13-71
Remarks; Center at Herrison-

bure Dam, Louislans
Dewpt T4 Ref Pt 50 5 of

LEGEMD
peeey APel Covared by
i...! final Taohyatal mup.
S Area inclosad by

Gelnen lsahyat. LOCATION MAP Mlexandrie, Louisiens
Grid I-13
A COM ATION PILED
PART I
Preliminary isohyetal map, in 4 sheets, scale 1:2,500,000
Precipitation data and mass curves: (Number of Sheets)
Form 5001-C {Hourly preclp. date)_ _ . . __ o . oo ..o 45
Form 500i-B (B4-hour " L et mmmm——= 41
Ferm 500(-D (" * - S U
Miscl. precip. records, meteorological data, etc. o ... -
Form 5002 (Mass rainfall curves). - _ . o o o mmoes Le
BART I

Final isohyetal maps,In 1  sheet , Scale 1:1,000,000
Data and computation sheets:

Form 5-10 EDI‘M from mass rainfall curves) __ . __________ 1
Form S~11 (Depth-area data from ischyetsl map)_ ... ____ 2
Farm S-12 (Maximum depth-duration date)________________ 18
Maximum duration-depth-ares curves .o cmc e 1
Data relating to periods of maximum rainfall oo ___ i
MAXIMUM AVERAGE DEPTH OF RAINFALL IN_INCHES
Area in Sq. Mi. Duration of Ralnfall in Hours
RS ek | 38 [ B [ 12 | 9 | ieo] 186 ] 150 |
10 2.2 | 11.7]| 17.5| 1d.0|19.2 |19.7 |20.k [21.3 |23.7 |25.4 | 25,6
we | 3| 10,9 165 1T.4|16.3 |18.7 [19.5 |20.3 |e2.a | 2k.2 | 2.2
200 T.9 | 10.5] 15.9| 16.0|17.7 {15.2 |19.0 [19.9 |22.1 | 23.4 | 23.7
i) 7.2 .6 wh.s| 15.8]16.7 (17.0 |18.0 (18,9 | 21,2 [ee.s | 22,8
1,000 £ 5 7.7 13.0] 1%.of1s.8 [15.0 |15.9 |27.9 {20.0 [21.8 |22.0
2,000 5.7 7.7 1.3 12.3(13.9 |1k.5 | 15,8 [1A.5 |18.7 |20.9 |21.1
5,000 | b5 | Aal deg| 9.9011.€ |12.7 |10 |15.2 |14.7 |19.3 |19.4
10,000 1.5 L.o| e 2.0 9.7 111.1 (12.€ |13.7 |15.0 [17.7 |15.0
s0,000 | 2.4 3.4 5.0 AL} 7.7 | 9.2 |10.7 |12.0 [12.9 [15.5 |16.0
b0, D00 1.h 2.3 3.0 b3 s.& ) e8] 81| 9.3 10,0121 |12.7
Form 5-2

Appendix G: Table G.23: Depth-area-duration values for Harrisonburg Dam, LA May 11, 1953

Page 51 of 96



DEPARTMENT OF THE ARMY -
| STORM STUDIES - ISOHYETAL MAP
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Appendix G: Figure G.30 and Figure G.31: Total storm isohyetal analysis and mass curve chart for
Harrisonburg Dam, LA May 11, 1953
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Kelso, MO, AWA 37

August 11, 1952
Storm Type: MCC
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Storm Name: USACE UMV 3-3i-Kelso, MO
Storm Date: 11-Ang-1952 Storm Adjustment for ANO Grid Point 1
AWA Analysis Date: :12/15/2013
Temporal Transposition Date 25-Jul
Lat Long Moisture Inflow Direction S@ 140 miles
Storm Center Location 37.19N 89.55 W Grid Point Elevation 350 feet
Storm Rep Dew Point Location 351TN  BOS0W Storm Center Elevation 500 feet
Transposition Dew Point Location 40.71N 9253 W Storm Rep Analysis Duration 6 hours
(Grid Point Location 3531IN 9323 W
The storm representative dew pointis  76.5F with total precipitable water above sea level of 3.07  inches.
The in-place maximum dew pointis  81.0F with total precipitable water above sealevel of .75 inches.
The transpositioned maximum dew pointis 81.5F with total precipitable water above sea level of 383 inches
The in-place storm elevation is 500 which subtracts 0.14 inches of precipitable water at T6.5F
The in-place storm elevation is 500 which subtracts 0.15 inches of precipitable water at 81.0F
The transposition basin elevation at 3s0 which subtracts 0.31 inches of precipitable water at 81.5F
The Gnd point/inflow barrier heightis 1,000 which subtracts 0.31 inches of precipitable water at 81.5F
The in-place storm maximization factor is 123 Notes: DAD values taken from USACE UMV 3-30. Storm
The transposition/elevation to basin factoris 0.98 representative Td value was based on maximum &-hr Td
The barmer adjustment factor is 1.00 values between August 11, 1932 at KMEM, KNQA, KMEL,
and KDYR.
The total adjustment factor is 1.20
'Observed Storm Depth-Area-Duration
1 Hours 3 Hours 6 Hours 12Hours ;| 18Hours | 24 Hours | 36 Howrs | 48 Hours : 72 Hours
10 sq miles 5.5 11.5 13.0 - - - - - -
100 sq miles 4.2 10.4 11.9 - - - - - -
200 sq miles 0.0 0.0 0.0 - - - - - -
300 sq miles 2.9 7.4 8.7 - - - - - -
1000 sq miles 2.3 5.7 6.9 - - - - - -
3000 sq miles - - - - - - - - -
10000 sq miles - - - - - - - - -
20000 sq miles - - - - - - - - -
(Adjusted Storm Depth-Area-Duration
1 Hours 3 Hours 6 Hours 12Hours | 18Hours | 24 Hours | 36 Houwrs | 48 Hours | 72 Hours
10 sq miles 6.6 13.8 15.6 - - - - - -
100 sq miles 5.1 12.5 14.3 - - - - - -
200 sq miles 0.0 0.0 0.0 - - - - - -
300 sq miles 3.5 8.9 10.5 - - - - - -
1000 sq miles 2.8 6.9 8.3 - - - - - -
3000 sq miles - - - - - - - - -
10000 sq miles - - - - - - - - -
20000 sq miles - - - - - - - - -

Storm or Storm Center Name

USACE UMV 3-30-Kelso, MO

Storm Date(s) 11-Aug-1832

Storm Type MCC

Storm Location JTI9N 8033 W
Storm Center Elevation 500

Precipitation Total & Duration

13.00 Inches 6-hours USACE UMV 3-30

Storm Representative Td 76.3F 6

Storm Representative Td Location 317N 89.50 W

Maximum Td S310F

Moisture Inflow Vector 5@ 140 Miles

In-place Maximization Factor 1.23

Temporal Transposition (Date) 23-Jul

Transposition Td Location 407N RERL July August
Transposition Maximum Td 315F 82 81
Transposition Adjustinent Factor 0.98

(Grid Point Elevation 350

Highest Elevation in Basin 14344

Inflow Barrier Heizht 1.000

Elevation Adjustment Factor 1.00

Total Adjustment Factor 1.20

Appendix G: Table G.24: Storm spreadsheet for Kelso, MO August 11, 1952
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CEFARTHENT OF THE APMY CORPES OF NG INFERS

STORM STUDIES - PERTINENT DATA SHEET
T g - e
Location SE Mo. and SW I11,
Study Prepared by:
Lower Mississippi Valley
Mvision
5%, Louls District
Part I Reviewed by H.M. Sec. of
Weather Bureau, 5/29/60
Part IL Approved by Office, Chief
of Engineers for Distribution
of Factual Data, 5/10/63
i Remarksa: Conter st Eslao,
‘ oy . Missouri, Dewpoint ’
=inch Isshpat. LOCATION MAP a}-ﬁ ';E:é
TAT MPI
PART I
Preliminary isohyetsl map, in 1 sheet , scale 1:500,000
Precipitation data and masas curves: (Number of Sheets)
Form 5001-C (Hourly preclp. data). . __ __ . . __.__.__. k)
Form 5001-B (B4-hour " " ) oo e 0
Form 5001-D (* * " i e i M 2
Miscl. preclp. records, meteoroiogical data ete. . ____ 9
Form 5002 (Mass rainfall curves)__._______ . __ . ________. 5
BART I
Final isohyetsl maps,in 1 sheet , scale 11500,000
Dats and computation ahaets:
Form S-10 (Dats from mass rainfall curves)_____________. 1
Form S-I1 (Depth-area data from |schyetal map)_ .. _______ 1
Form 5-12 (Maximum depth-duration dave)________________ 5
Maximum duration-depth-area curves_ ________._______.__ 1
Data relating to perlods of maximum rainfall.c o oo cecaaa_ 2
MAXIMUM AVERAGE DEPTH OF RAINFALL IN_INCHES ,
Area in Sgq. Mi. Duration of Rainfall in Heurs
i I S 3 |6 [ 5] &
10| 5.5( 9,1[11.5]12.9( 13.0| 13.0
100 {E a.um.fu.'ru.s 119
500 | 2,9 5.5| 7.4| 8.0( 8.6| 8.7
1,000 | 2,3 | L.l | 5.7| 6.2| 6,8 6.9
1,730 | 1.7 3.1 | b3! Los| 54| 5.5
(-3
Form 5% -

Appendix G: Table G.25: Depth-area-duration chart for Kelso, MO August 11, 1952
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DEPARTMENT OF THE ARMY _____ sones oF snemgchs
STORM STUDIES - ISOHYETAL MAP
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Appendix G: Figure G.32 and Figure G.33: Total storm isohyetal and Mass curve chart for Kelso, MO
August 11, 1952
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Holt, MO, AWA 40

June 18, 1947
Storm Type: MCC
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Storm Name: USACE MR 8-20-Holt, MO
Storm Date: 6/18-22/1947 Storm Adjustment for ANO Grid Point 1
AWA Analvsis Date: :12/15/2013
Temporal Transposition Date 5-Jul
Lat Long Moisture Inflow Direction SSW @ 230 miles
Storm Center Location 3045N 2434W Grid Point Flevation 3s0 feat
Storm Rep Dew Point Location 3618N 0525W Storm Center Flevation 1,000 faat
Transposition Dew Point Location 39.46N  03.51W Storm Rep Analysis Duration 6 hours
(Grid Point Location 3531N 9323 W
The storm representative dew pointis  79.0F with total precipitable water above sea level of 3.44  inches.
The in-place maximum dew pointis  8L5F with total precipitable water above sea level of 3.84  inches.
The transpositioned maximum dew pointis  8L.0F with total precipitable water above sea level of 3.76  inches.
The in-place storm elevationis 1,000 which subtracts 0.28 inches of precipitable water at T9.0F
The in-place storm elevationizs 1,000 which subtracts 0.20 inches of precipitable water at 81.5F
The transposition basin elevation at 350 which subtracts 0.30 inches of precipitable water at 81.0F
The Grid point/inflow barrier heightis 1,000 which subtracts 0.20 inches of precipitable water at 81.0F

The in-place storm maximization factor is 112 Notes: DAD values taken from USACE ME. 8-20, 1sqmi
The transposition/elevation to basin factor is 0.98 amount taken from Holt, MO world record rainfall within the
The barrier adjustment factor is 1.00 overall storm. Storm representative Td value was based on
maximum §-hr Td values between June 22-23, 1947 at KHRO
The total adjustment factor is 1.09 and KTUL.
|Observed Storm Depth-Area Duration
6 Hours 12 Hours 18 Hours MHows : 30Hows | 36 Hours | 48 Howrs | 60 Howrs | 72 Hours
1 sq miles 12.0 12.0 12.0 12.0 - 12.0 144 - 16.6
10 sq miles 11.5 11.5 11.5 11.5 - 11.5 12.6 - 15.8
100 sq miles 7.9 7.9 7.9 7.9 - 7.9 9.3 - 12.9
200 sq miles 7.1 7.1 7.1 7.1 - 7.1 8.4 - 11.9
300 sq miles 6.3 6.3 6.3 6.3 - 6.3 7.4 - 10.6
1000 sq miles 5.6 5.6 5.6 5.6 - 5.6 6.6 - 9.6
3000 sq miles 3.5 3.7 a7 a7 - a7 4.6 - 6.7
10000 sq miles 1.6 2.9 3.0 3.0 - 30 a7 - 54
20000 sq miles 1.8 2.1 22 22 - 22 3.1 - 4.4
Adjusted Storm Depth-Area-Duration
6 Hours 12 Hours 18Hows : 24 Hows : 30Hours : 36Hours ;| 48 Hours | 60 Howrs : 72 Hours
1 sq miles 13.1 13.1 13.1 13.1 - 13.1 158 - 18.2
10 sg miles 12.6 12.6 12.6 12.6 - 12.6 138 - 17.3
100 sq miles 8.7 8.7 8.7 8.7 - 8.7 10.2 - 14.1
200 sq miles 7.8 7.8 7.8 7.8 - 7.8 0.2 - 13.0
300 sg miles 6.9 6.9 6.9 6.9 - 6.9 8.1 - 11.6
1000 sq miles 6.1 6.1 6.1 6.1 - 6.1 7.2 - 10.5
3000 sq miles 38 4.1 4.1 4.1 - 4.1 5.0 - 7.3
10000 sq miles 2.8 32 33 33 - 33 4.1 - 5.9
20000 sq miles 2.0 2.3 2.4 2.4 - 2.4 3.4 - 4.8
Storm or Storm Center Name USACE MR 8-20-Holt, MO
Storm Date(s) 6/18-22/1947
Storm Type MCC
Storm Location 3945 N 0434 W
Storm Center Elevation 1,000
|Precipitation Total & Duration 17.6 Inches 6-hours USACE MR 3-20
Storm Eepresentative Dew Point 180F 6
Storm Representative Dew Point Location 36.18N 0525 W
Maximum Dew Point 813F
Moisture Inflow Vector S5W @ 230 Miles
|In-place Maximization Factor 1.12
Temporal Transposition (Date) 3-Jul
Transposition Dew Point Location 46N 0353 W June July
Transposition Maximum Dew Point 810F 79 82
Transposition Adjustment Factor 0.98
Grid Point Elevation 350
|Highest Elevation in Basin 14 344
|inflow Basrier Height 1,000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.09

Appendix G: Table G.26:

Storm spreadsheet for Holt, MO June 18, 1947
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CEFRRTHENT BF THE AR

CORPS OF ENCINEEES

STORM STUDIES - PERTINENT DATA SHEET

Storm of 18-23 June 1547
Asslgnment w3 8-20

Location }I’ll'ﬁll' E;n;,nﬂ.nn.
Study Fup?.hnfff: it
Mimsouri River Divislon
Omaha Distrist Offlce

waLg o ﬂui

Part I Reviewed by H. M. Sec. of
Weather Bureau, 12/17/ 52

Part IL Approved by Office, Chief
of Engineers for Distribution

LEGEND
- Ares covered by

L. finel ischyatat map. et
@ Ares inciosed by Center near Holt, Mo.
2 <inch isohyet. LOCATION MAP Despolnt TEY, Ref, Pt, 140 5
T ] P TIONS Grid E-14
PART I
Preliminary isohyetal map, in sheet , scale
Precipitation data and mass curves: (Numbar of Sheets)
Form 5001-C (Hourly preclp. data).. ..  nia study was computed
Form 5001-B (24-hour *= i B by the Reglonal Method
Form S00\-D (™ * " i et vhich dpes not employ the
Miscl. precip. records, mateorological data, gtc, Part I and z:“tn phades
Form 5002 (Mass rainfall curves). . _...___ 25 thelr oibiressy:
BART I

Final |Hhr'fﬂ maps, In 1 sheet |, scale 1l ,ouu
Data and computation sheets:

of Factual Data, 8,/10/54

Form S-10 a from mass rainfall curves). ____ . _____. 3
Form S-1l (Depth-area data from ischyetal map) oo oo - 4
Farm S-12 (Maximum depth-duration date)_ _ ___ - ____ 7
Maximum duration-depth-srea curves. . .. ..o 1
Data relating to periods of maximum rainfell __ _ _ ..
MAXIMUM AVERAGE DEPTH OF HAIHFALI._. IN _INCHES
Area in 5q. Mi. Duration of Rainfall In Hours
Mex,Statlon 120 lkﬁﬁ'-!ﬂh& Thed ] 1046 | 15,5 | 17,8
10| 11.56) 11.6) 11.6 | 11.56 | 11.5| 12,6 | 15.8 | 18.8 ) 14.3
100 Tao| 7«9 T®| To2| 7.9| 9.3 12,9 12,0 14.1
200] T.1| 7.1 7.1 T Tl s.411.9|11.9) 13.0
500 8.3 .3 8.3 6.5 6.3 T+ | 10,8 | 10:9] 11.8
1000 | 5,56| 58| 58| 5.5| Bafl | BuB | 5,6 | 58| 105
2000 | 4,9 45| 4.5 4.2 | 4,9 6.7 | 8.4 8.4] 9.3
00| 3,51 3.7 3.7 | 3.7 | 3.7 4.8 | 8.7 B8.T| T.3
10000 | 2,8 2.9 | 3.0| 3,0 3.0 3.7 | 5.4 | 5.4| 5.2
200001 1.81 Bal| 2.2 | 2.2 | 2.2 ] 85,1 4.4 4.8] 4.9
ﬁ% E.é a.i b.i 1.5. i.i z.s 3.2 ,E' g.‘s
308000 | 0.8 | O 0.6 iﬁ : i:;_ f.i 5! £
Form 5-2

Appendix G: Table G.27: Depth-area-duration chart for Holt, MO June 18, 1947
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DEPARTMENT OF ThE ARMY __COmPS OF ENGINEERS
STORM STUDIES - ISOHYETAL MAP
Storm of _18-23 June 947 Assignment MR 8- 20

Study Prepored by:Qmoho, Nebr., District

I
¥

Storm Pi;.iﬂlﬁﬂ_m
from 6 PM |8 Jung
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: .
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Appendix G: Figure G.34 and Figure G.35: Total storm isohyetal and Mass curve chart for Holt, MO June 1947

Page 60 of 96



Collinsville, IL, AWA 42
August 12, 1946
Storm Type: Frontal
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|S(m-m Name: USACE MR 7-2B-Collinsville, IL
[Storm Date: 8/12-15/1946 Storm Adjustment for ANO Grid Point 1
|AWA Analysis Date: :12/15/2013
Temporal Transposition Date 1-Aug
Lat Long Moisture Inflow Direction SSW @ 455 miles
Storm Center Location 38.67TN  89.98W (Grid Point Flevation 350 feet
Storm Rep Dew Point Location 32.55N  2A00W Storm Center Flevation 500 faet
Transposition Dew Point Location 36.61N 9575 W Storm Rep Analysis Duration 24 hours
Grid Point Location 3531N 9323 W
The storm representative Tdis  76.0 F with total precipitable water above sealevel of 299  inches.
The in-place maximum Tdis 80.5F with total precipitable water above sea level of 3.68  inches.
The transpositioned maximum Tdis  80.0F with total precipitable water above sea level of 3.60  inches.
The in-place storm elevation is 500 which subtracts  0.13 inches of precipitable water at 76.0F
The in-place storm elevation is 500 which subtracts 0,16 inches of precipitable water at 80.5F
The transposition storm elevation at 350 which subtracts  0.29 inches of precipitable water at 80.0F
The Grid Point/inflow barrier heightis 1,000 which subtracts  0.29 inches of precipitable water at 80.0F
The in-place maximization factor is 1.23 MNotes: DAD valses taken from HME 51 DAD Table Storm Index
The transposition factor is 0.94 ; SF_USACE.' MR ?_ji_ ??‘;Eﬁasmtm‘: g ﬁtl‘-ﬂi:as
. - - - asad Ofl MaXMUTT L4 @ values betweaen Avgust -11, at
The elevation/barrier adjustment factor is 1.00 CEAD 20 KNLU, = ;
The total adjustment factor is 1.16
(Ohserved Storm Depth-Area-Dy
6 Hours : 12 Hours 18 Hours 24 Hours | 30 Hours | 36 Hours | 48 Howrs | 60 Hours © 72 Hours
1 sq miles 6.4 10.2 12.6 12.7 141 18.0 18.1 18.6 18.7
10 sq miles 6.0 0.8 12.1 12.1 13.7 17.5 17.6 18.2 18.3
100 =g miles 5.6 8.3 10.9 11.1 13.2 16.6 16.7 17.5 17.6
200 sq miles 5.4 8.3 10.5 10.6 13.0 16.2 16.3 17.2 17.3
300 sq miles 5.2 7.7 9.7 9.9 12.8 15.5 15.6 16.7 16.9
1000 sq miles 4.9 7.0 8.9 9.0 12.6 14.7 148 15.9 16.0
2000 sg miles 4.3 6.1 7.6 7.8 11.2 133 134 14.3 143
3000 sq miles i3 4.8 5.0 6.0 8.6 10.4 10.6 11.3 114
10000 sg miles 24 3.7 4.5 4.6 6.6 8.0 8.2 8.7 8.8
20000 sg miles 1.5 2.5 3.1 3.2 4.6 5.6 5.8 6.0 6.1
Adjusted Storm Depth-Area-Duration
6 Hours : 12 Hours 18 Hours 24 Hours ; 30 Hours ;| 36 Hours | 48 Hours | 60 Hours 72 Hours
1 sq miles 7.4 11.8 14.6 14.7 16.3 20.8 20.9 215 216
10 sq miles 6.9 11.3 14.0 14.0 159 20.3 20.4 212 212
100 =g miles 6.5 10.2 12.6 12.8 153 10.2 10,3 20.3 20.4
200 =q miles 6.2 9.6 12.2 12.3 15.0 18.7 18.9 19.9 20.0
300 sg miles 6.0 8.9 11.2 11.5 14.8 17.9 18.1 19.3 10.6
1000 sq miles 5.7 8.1 10.2 10.4 14.6 17.0 17.1 184 18.5
2000 sq miles 5.0 7.1 8.8 9.0 13.0 15.4 15.5 16.6 16.6
3000 sq miles as 5.6 6.8 6.0 10.0 12.0 12.3 131 13.2
10000 sq miles 28 4.3 5.2 5.3 7.6 9.3 9.5 10.1 10.2
20000 sq miles 1.7 2.9 3.6 3.7 5.3 6.5 6.7 6.9 7.1
Storm or Storm Center Name USACE MR 7-2B-Collinsville, IL
Storm Date(s) 8/12-15/1046
Storm Type General Storm
Storm Location 386TN 80.08 W
Storm Center Elevation 500
|Precipitation Total & Duration (10 sg mi) 18.7 Inches in 72-hours
Storm Representative Dew Point 160F 24
Storm Representative Dew Point Location 3235 N 93.00 W Jul Aug
Mazximum Dew Point 8305F 80.5 20
Moisture Inflow Vector SSW @ 453
Jin-place Maximization Factor 1.23
Temporal Transposition (Date) l-Aug
Transposition Dew Point Location 3661 N 033 W Jul Aug
Transposition Maximum Dew Point 300F 30 30
Transposition Adjustment Factor 0.94
Grid Point Elevation 350
|Eighest Elevation in Basin 14344
|inflow Barrier Height 1,000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.16

Appendix G: Table G.28:

Page 62 of 96

Storm spreadsheet for Collinsville, IL August 12, 1946




DEPARTHINT OF THE ARWY CORPS OF DG iwEL RS

STORM STUDIES - PERTINENT DATA SHEET
z Storm of 12-16 August 1946
: “tuf ok " = Assignment MR 7-2B

. Location Mo.,I1l.,Ind. & Ky.

Y RPN verrey

Division
St, Louls Distrlet

Part I Reviewsad by H. M. Sec. of
Weather Bureau, 7/8/49
Part IL Approved by Office, Chief
af Engineera for Dlatribution
of Factusl Data, 3/20/50
Remarka: Centar near
Collimsville, Ill.

finsl faohyetal map.

Arga incloned by
. - - Dewpt, 74° Ref, Ft. 225 §
&5 -imen Isonyet LOCATION _MAP Dt 25
N MPUTAT P
PART I
Preliminary isohyctal map, in 1 sheet , scale 1: 1,000,000
Precipitation data and mass curves: (Numbar of Sheets)
Form 5001-C (Hourly precip. data)_ _ ..o ceaoonn - 58
F'rm 5““"’“ {u-hn“r " - ]1—--"- ----- LR B B R E_I L _E_8 £ o —
Form S00L-D (* * * L) FERI Rt SN SNty 16
Miscl. precip. records, meteorological date,etc. _ ___ __ ________ 15
Form 5002 (Mass rainfall curves). . ___ _________________. &L
BART I

Final Isohyetal maps, in 1 sheet , scale 1: 1,000,000
Data and computation sheets:

Ferm S-10 (Data from mass rainfall curves) _____________ 5
Form S-Ii (Depth-area data from isohyetal map)_ . ________ 3
Form S-12 (Manimum depth=-duration data)__ .. ___ . ____ T
Maximum duratien-depth-ares curves._ _ . _ . @ cceeccean ot
Data relating to perlods of maximum rainfall o . _____ 2

MAXIMUM AVERAGE DEPTH _OF RAINFALL IN INCHES

Area in 5q. Mi. Duration of Rainfall in Hours
6 | 12 {18 | 24 30 |36 80 |72 [ 96 | 114
Max, Sta. 6.4 RoO.2 f2.6 P27 [aa [18.0 P81 18,5 (18,7 [19.4 [ 19.5
o |&,0 |9.8 [2,1 p2.1 Q3.7 17.5 Q7.6 [1e.3 [18.3 [18.9 | 19,0
100 | 5.6 |8.8 f0.9 Q1.1 J12.2 (16.6 (16,7 [17.5 |17.6 (13.0 | 1B.1
200 | 5.4 | 8.3 Q0.5 Ilﬂ.& 13.0 |16.2 }16,31 [17.2 J17.3 117.7 | 17.8
500 | 5.2 | 7.7 | 9.7 | 9.9 2.8 [15.5 1556 [16.7 |16.9 |J17.1 | 17.2
llﬂm "ilq ?-n Et? giﬁ 12;6 1&-1-7 u-ﬁ 15#’9 16-0' 16-3' l'ﬁ'-ﬁ-
2,000 (L3 | 6.1 | 7.5 | 7.8 Ml.2 3.3 P34 4.3 |14.3 LL.6 | 1LY
5000 (3.3 |4.8 | 5.9 | 6,0 | 8.6 0.4 P06 [11.3 [11.4 1.6 | 11.8
10,000 [ 2.4 | 3.7 |4.5 |40 | 6.6 | 8.0 | 8,2 | 8.7 | 8.8 | 9.0 9.1
20,000 (1.5 | 2.5 13.1 |3.2 |4.5 | 5.6 | 5.2 | 6.0 | 6,1 | 6.3 6.5
20,400 1.5 [ 2.5 [3.1 | 3.2 | 4.5 | 5.5 | 5.7 | 6.0 | 6.1 | 6.3 L
et
’Fﬂrmﬂ

Appendix G: Table G.29: Depth-area-duration values for Collinsville, IL August 12, 1946

Page 63 of 96



DEPARTMENT _OF THE ARMY COMPS OF

STORM STUDIES - ISOHYETAL MAP
Storm of __ 1218 August 1946 Assignment MR T=2B

Study Prepored by:_ t, Lowls, Mo, District
_u ’ o _Egrjllilllm lsy Division o
\

“ Storm Period_ll4 houre \
m a " ]: 'H L] SCALE
to___2 PM 18 Auga i 19,000,000
Favpmara Beoly s

MASS RAINFALL GURUE?
|

- C
l- |
§ 20 |- - =
s E Co) 1o, B, A —F—rT " |
z FE Field, Il 170" ———Aa foromieeo
2 st - — LIL=
: =
- =
? 10}
= P el
E B = ) '.'-" -.I
2 F |
3 aL = | __ﬁ_J_*_
2 12 13 14 “1s | 17
T : — — = — — |

Appendix G: Figure G.36 and Figure G.37: Isohyetal map and mass curve chart for
Collinsville, IL August 12, 1946
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Mounds, OK, AWA 44

May 16, 1943
Storm Type: MCC
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Storm Name: SW 221 -Mounds, OK

Storm Date: 5/15-20/1943 Storm Adjustment for ANO Grid Point 1
AWA Analysis Date: :12/15/2013
Temporal Transposition Date 1-Jun
Lat Long Moisture Inflow Direction SEW @ 150 miles
Storm Center Location 3583N  06.06 W (Grid Point Flevation 350 feet
Storm Rep Dew Point Location 3384N 06.08W Storm Center Flevation 750 feet
Transposition Dew Point Location 40.69N 03.58W Storm Rep Analysis Duration 6 hours
(Grid Point Location 3531N 0323 W
The storm representative dew pointis  73.0F with total precipitable water above sea level of 2.60  inches.
The in-place maximum dew pointis  78.5F with total precipitable water above sea level of 337  inches.
The transpositioned maximum dew pointis  77.0F with total precipitable water above sea level of 314  inches.
The in-place storm elevation is 750 which subtracts  0.18 inches of precipitable water at 73.0F
The in-place storm elevation is 750 which subtracts 022 inches of precipitable water at 785F
The transposition storm elevationat 350 which subtracts 027 inches of precipitable water at T1.0F
The Grid point/inflow barrer heightis 1,000 which subtracts 027 inches of precipitable water at 77.0F

The in-place maximization factor is 1.20 Notzs: Storm rep Td rz-analyzed vsing hourly surface observations.
The transposition factor is 0.01 FJ.DZ\II: KFWH, and KGVT used to derive the 6 hour average storm
The elevation‘barrier adjustment factor is 1.00 rep Td.
The total adjustment factor is 1.19
|Observed Storm Depth_Area Durati
6 Hours : 12 Hours 18 Hours 24 Hours | 30 Hours | 36 Hours | 48 Houwrs | 60 Hours : 72 Hours
10 sgmiles: 15.9 16.7 16.7 16.7 - 16.7 16.7 16.7 16.7
100 sqmilesi  14.2 14.8 14.9 14.9 - 14.0 14.9 15.0 154
200 sgmiles:  13.0 13.5 13.9 13.9 - 13.9 13.9 13.9 144
300 sqg miles 9.2 10.6 11.1 111 - 11.5 12.0 13.7 14.4
1000 sq miles 6.2 7.9 8.4 8.5 - 10.0 10.8 13.2 138
2000 sg miles 4.0 53 6.3 6.6 - 0.2 10.0 12.6 13.2
3000 sq miles 3.0 3.6 4.9 5.4 - 8.3 8.9 11.5 12.1
10000 sq miles 1.6 3.1 4.2 4.8 - 7.3 8.0 10.2 10.7
20000 sg miles 2.1 2.6 3.5 4.2 - 6.2 6.9 8.6 9.1
Adjusted Storm Depth-Area-Duration
6 Hours | 12 Hours 18 Hours 24 Hours : 30 Hours : 36 Hours ; 48 Howrs | 60 Hours | 72 Hours
10 sqmiles: 18.0 19.8 19.8 19.8 - 19.8 19.8 19.8 19.8
100 sgmilesi  16.8 17.6 17.7 17.7 - 17.7 17.7 17.8 183
200 sqmiles:  15.4 16.0 16.5 16.5 - 16.5 16.5 16.5 17.1
300 sgmiles:  10.9 1.6 13.2 132 - 13.6 142 16.2 17.1
1000 sq miles 7.4 9.4 10.0 10.1 - 11.9 12.8 15.7 16.4
2000 sg miles 4.7 6.3 7.5 7.8 - 10.9 11.9 14.9 15.7
3000 sq miles 3.6 4.3 5.8 6.4 - 0.8 10.6 13.6 144
10000 sg miles 31 a7 5.0 5.7 - 8.7 9.5 12.1 12.7
20000 sg miles 2.5 3.1 4.2 5.0 - 7.4 8.2 10.2 10.8
Storm or Storm Center Name SW 2-21-Mounds, OK
Storm Date(s) 5/13-20/1943
Storm Type MCC
Storm Location 388N 06.06 W
Storm Center Elevation 730
|Precipitation Total & Duration (10 sq mi) 17.0 inches in 12 hours
Storm Eepresentative Td T30F 6
Storm Representative Td Location 3N 06.08 W May June
|In-place Maximum Td T83F 77 9
| toisture Inflow Vector SSW @ 150
Iln—place Maxnimization Factor 1.30
Temporal Transposition (Date) 1-Jun
Transposition Dewpoint Location 4069 N 0358 W May June
Transposition Maximum Td T10F 743 i
Transposition Adjustment Factor 0.91
Grid Point Elevation 330
|Highest Elevation in Basin 14 344
|inflow Barsier Height 1000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.19

Appendix G: Table G.30: Storm spreadsheet for Mounds, OK May 16, 1943
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BEPARTHENT OF THE ARWY CORFS OF ENCINELRS

STORM STUDIES - PERTINENT DATA SHEET

Storm of  12.20 May 1943
Ttk SR . b Assignment oy 2.7
Location Cklahoms to Orest lake
Study Pr ed by:
jonthwestern Division
Tulza Distriet Office

Part I Reviewed by H. M. Sec. of
Waeather Bureau, 10/9/46
Part I Approved by Office, Chief

of Engineers for Distribution

of Factual Data, £/15/49
Remarks; Center- nesr
HMounds, Okla,

a8 Incloned by O _ Ref. Pt, 60 ESE
@!-ﬂbﬂl Isehyat, IEHT&H u!F Deupt. 3‘1‘1 615
T A TATIONS
PART I
Preliminary isehyetal map, in 1 sheet , scale 1: 1,000,000
Precipitation data and mass curves: (Numbar of Shests)
Form 5001-C (Hourly precip. data)___________._ e e 53
Form 5001=-8 (24-hour * |l SN T S,
Form 5001-D(* = * il DS S S P A S OU R
Miscl. precip. recerds, mateorciogical date, atC.. - - e ccmce o 10
Form 5002 (Mass rainfall curves). . - v oo e e e 251
PART I
Final isohyetal maps, in 1 sheet , scale 1: 1,200,000
Data and computation sheeta:
Form S-10 {(Data frem mass rainfall curves)_____________._ die
Form S5-Il (Depth-area dats from Isomyetal o T S i g8
Ferm S5-12 (Maximum depth-duretion date) - c.co - ccccccac- 12
Maximum duration-depth-sres curves_ _ .. e cecaoa== - 1
Data relating to periods of maximum rainfell. - . ___ 1
MAXIMUM _AVERAGE DEPTH RAINFALL IN INCHES
Area in Sq. M. Duratlien of Rainfell in Hours
12 118 |22 |36 A8 | GO |72 [ 96 | 140 ]
Max, Station | 16.2 | 17.RP 7.0 O 0 g -0 [I70 [T [IT9 [T,
10 |15.9| 16.7 P67 6.7 BE.7 [16.7 |16.7 |16.7 [16.8 |16.9 16,9
100 f1L.2| .2 4.9 P29 FL.9 L9 [15.0 |1S5.4 J25.65 |15.9 1159
200 |12.0]13.503.2 P39 Q3.9 (13.9 3.9 44 [R50 115.5 |15.5
son | g.2)1m61,1 [11.1 3.5 (12,0 a7 (4.4 J14.6 (14,9 (1L.9
1,000 | 6.2] 7.9] 8.4 | 2.5 (10.0 PRO.8 [13,2 [13.2 |’4.) [14.9 [1L9
2,000 £.0] 53163 )6.6 | 2,2 [10.0 [12.6 [13.2 3.5 [13.7 |13.7
5,000 3.01 3.6] 4.2 Sadi | Bu3 2.0 (11,5 12,1 |12.4 1_2..5 12.6
10,000 | 2.6 3.3 ]4.2 | 4.8 | 7.2 | 8.0 Jl0.2 [1€.7 (11.0 11,7 |11.4
20,000 2.1 2.613.5 | 4.2 | 5.2 | 6.5 | B.6 | 9.1 S.4 | F.8 J1C.]
sp, 000 | 3.4) 2,002,686 |3.4 |4.615.316.617.0(7.4 | 7.8B])82
100,000 1.1 1,50 2,0 | 2.6 | 3.5 | 41 | 5.0 | 5.4 | 5.8 | Cad 6,8
200,000 | o7l 1.013.3 11,7 | 2.3 [27]3.5 L 4.3 ] L9 ] 5.2

Form 5-2

Appendix G: Table G.31: Depth-area-duration chart for Mounds, OK May 16, 1943
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i} NT ARNY i

STORM STUDIES = ISOHYETAL MAP
t f__12-30 May 1948 _ W 2e21
it Study Prepared by' Tulsa, Okla, ﬁfh'_ni‘:'ﬁ'?:'_"j_

Seuthwestern Divisiom

Storm Period__188 hours
from_ 11 FM 1% Mey
fo___11 PM 20 ey

MASS RAINFA

=

Ferd

IR

COUMULATED PRECIFITATION IN INGHES

|

Appendix G: Figure G.38 and Figure G.39: Isohyetal map and mass curve chart for
Mounds, OK May 16, 1943
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Silver Lake, TX AWA 45

June 5, 1943
Storm Type: MCC
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Storm Adjustment for ANO Grid Point 1

13 Jun
I Leng Taflow Directia: SEW @ I00  mdes
ALATN #5060 W Ceriel Paint Ebevatian %4 feet
08N 100 W Storm Center Elevatian 400 feei
MR N #60 W Storm Rep Analysis Duratisn L o
ASIIN BIawW
Tlee stom repaesentamve 55Tm TTOF with total peecipiiable water above sea bevel of 14 miehes
This ti-plics imasmion 55Ts  BOOF vt botad peicipitalile water abova i bivil of 180 ki
The remsporitionsd masinam 55T 70.0F with botal precipitable water above sea bevel of ad mchwn
The m-place scomn =levason is Eio] winch subtracts .10 mictes of precgpiiable water at TIAF
The n-plsce seomn elevason i 400 wihizh subbrcts o1z mnckes of precypatails water a SO0 F
Thee ramsposiion storm ebevation & k=] wiach suboeacts G395 micies of pracspatainds water o ToF
The Gad pontedlaw basie heightss 1050 which subtzacts 0195 mickwa of precgmatds wale & TR0 F
The ins-place manmatation factor e Li4 Metar o rep T4 re-analyzed sang Sowly mrisce sberaciens 11 EBIM, KEFD, |
Thi kg iion faclee o L] ol NN Kot £ s i
The slevation bamer adnistaent facios m 1.0

| dEBoun | S0Bem |

118
10.0

20000 £g miles

[5tonn or Stonn Center %ame USACE SW 3.3 Silver Lake. TX
Shormn Datas | B 1943

Storm Tape MEC

torm Locaten IRATH aEEw

Esomm Center El=vation 40
E@Tu:ﬂ&ﬂl&mﬂﬂqﬂl 183 mches in 12 howss

TIOF
BN W
BIOF B
SEW & M0

15-Fam
365N o6 W
2OF b )

30
14344

Laa

Appendix G: Table G.32: Storm spreadsheet for Silver Lake, TX June 5, 1943
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DEPARTHMENT OF THE ARWY CORPS OF EMGINEERS

STORM STUDIES - PERTINENT DATA SHEET

Storm of 5_7 June 1943
LA or M
Mo ot Assignment 5w 3-3
Location Texas & Cklahoma
Study Prepared by:
I St:luthuEth";: Division
Fort Worth, Texas

Part I Reviewed by H. M. Sec. of
Weather Bureauw, 7/7/49
Part IL Approved by Office, Chief

of Engineers for Distribution
of Factual Data, 1C/17/51
Remarks: Center st
Silver Lake, Texas
Dewpt., 75°- Ref, Pt. 23G 5

pm--p Ares coverad by
boeof Tingl isolryetal map.
Ares inciossd by

B-inch isshyel. | OCATION MAP

Grid I=15
A AND COMPUTATIONS COMPILE
PART I
Preliminary isohyetal map, in 1 sheet , scale 1: 1,000,000
Precipitation data and mass curves: {Number of Shaets)
Form 5001-C (Hourly precip. data)_ . _ __ _____________.... 15
Form 5001-8 (24-hour * B Yo nma e s 0
Form S5001-D (" *» * 2 boororccsuraranrsn g
Miscl. precip. records, metesroiogical date, etec._ _ _ __ _ ______.__ 9
Form 5002 {(Mass rainfall curves)_ _______.______________._ =3
PART II
Final isohyetal maps,in 1 sheet , scale 1: 1,000,000
Data and computation sheets:
Form S5-10 (Data from mass rainfail curves)_ _ ___________._ 3
Form S-11 (Depth-area data from ischyet® map)___.__.____ 1
Form S-12 (Maximum depth-duration data)________________ 2
Maximum duration-depth-area curves___________________ 1
Data relating Yo periods of maximum rainfall . _ _ _______ 2

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES

Area in S5g. Mi. Duration of Rainfall in Hours
- 12 18 24 30 36 4B
10 |14.2 | 16,58 | 16.5| 16.5] 16.5 | 16.5 | 16.5
1o |11.1 | 14.8] 18,0151 15.1 ] 15.1 ] 15.1
200 9.7 | 4.1 | 14.3 | 14.6] 14.6 | 14.6 | LL.6
500 B.0 | 12,9 | 13.4 | 13.7| 13.7 | 13.7| 13.7
1000 6.8 |11.6]12.5| 12,8 | 12,81 12.8( 12.8
2000 56| 9.9|10.9 12,0/ 120|110 1.0
000 4.1 7.0 7.8| 8.0 8.1 8, 2.1
lulc[n 2'9 lel--j 5-4 5-? 543 5.5 519
lﬁ.ﬂfﬂ 2lD 342 3!? tpia ip'll 4.1 L.z
Form S-E

Appendix G: Table G.33: Depth-area-duration chart for Silver Lake, TX June 5, 1943
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DEPARTMENT OF THE ARMY CORPS OF ENGINEERS
STORM STUDIES - ISCHYETAL MAP
Storm of _5-7 Jupe 1945 Assignment _5W 33
Study Prepared by: Fort Worth, Tex. District
Sputhweatern Diviaion

PP

fose Hill, e f 2 ot Bilver) Lake

“Royge City «

A

Storm Period___48 hours
from_ 1 AM 6 June

to 1 AM T June

S-t'--lILE

1 Ei1 EEM
Polysanio Projastion

MASS RAINFALL CURVES

ITTT

IR

——|8ilvet lake | Texag 16.5'
4 Royee |City, [Texas [14,7"
|

FTTT

]
hl—""- Rose ¥411, Texms [T.6" |[(Rsc.)

L

5
E /?Il.....s-uam M,Ttgr' e |5s17
'l

R P, L | I i
0 GA &P A 8 1 [T 7 13 [} [ (1Y ¢!P [} BF |

ACCUMULATED PRECIPITATION IN INCHES

FORM 8-3W

Appendix G: Figure G.40 and Figure G.41: Total storm isohyetal and mass curve chart for
Silver Lake, TX June 5, 1943
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Hallett, OK AWA 52

September 2, 1940
Storm Type: MCC
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Storm Adjustment for ANO Grid Point 1

1T-Aug
Laz Long Abskseure [nflow Directias SE @ 300 males
23N S0ET W Girld Paknt Elesutian L1 feet
LM N SLIEW Srorm Center Elevstban o feet
Tramspasizion Dew Poine Locades ELELR BRUEG W Storm Rep Anatysis Duratien 12 hors
{rrid Puint Locatisn SN FLI3W
Thue stom regaesentanve dew potntes TTSF with totnd peecrpiinbie water shove sea bevel of ax mih
The wi-place migmam dew potdel BLOF with bt precipitabile water aliovs sia bvel of 35 michii
The Emnsposiboned masimom dew pointm SO0 F with total precipitable water above sea kel of A5 mches
The m-place stom slevaton i S0 winch subiracts [+ mches of precipiteble water st TTSF
The im-plaze stoam =levano s L] whuch mubbacts 0x7 ke of precspatabée water st SILOF
T wansposmion stom ebevation ot k1] witnch bt LK ] ke of praciperaids waber m B F
The Grd peint wllow Lame bright e 1,000 whuch sbirects 020 b of pracestabde wale &l B0 F
The in-place maumration factor e L Hocar Rsaraivzsd the shomm rep T8 aung howshy warfaes che s tas repos,. Lasd
Tiod trarsposition facto 4 . KBAD, Shuwesprot, LA to darive the  Soer gvecage tem mp T4
The sbewation b sdpitsien facior b 1.3
The total sdpstnent factor is L0%

.‘-'Muzln'_

| 36EHous | ABEoun | 60 Heus |

[520nn or Stonn Center Xame USACE 5W 2. 18- Hallen. OK
Sanrm Dateds | P-4 THE

8o Thps MCC

torm Locaton MW MW
Eaorm Center Elevation 0

Precepitaton Total & Duranee (10 sq mi)

1,00 s e L2 hoors

TSF (]

HWN PLIT'W A

BOF -k,

SE 7 50

Log
[T e, Trmzposston {Cate) 17-Aug
[Tranyposition Dew Poat Location 1IN e A ]
Transposmion Mamuum Dew Poimt 04 F 03 il
[ Transpostion Adustmens Factos 0.89
Cimell Pt Elevateen il

14344

1.000

Loy

Log

Appendix G: Table G.34: Storm spreadsheet for Hallett, OK September 2, 1940
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WAR DEPARTMENT CORPS OF ENGINEERS, U. 5. ARMY

STORM STUDIES - PERTINENT DATA SHEET
SCALE  OF  ayies iﬂ'rm of September 2 - 6, 190
‘i ssignment S W 2 - 18
Location Okla. Kans. Mo. & Ark,
Study Prepared by:
Southwestern Division
Tulse Dlatrict Offioe

Part I Reviewed by H. M. Sec. of
Weather Bureau, 8/18/l41
Part II Approved by Office, Chief

of Engineers for Distribution

of Factual Data, 3/25/13
Remarks: Centers aty
Hallstt, Okla, and Lebo, Kans,

;=--y Area covered by
io..: Tinal isohyetal map.
@ Aren inclossd by

2-inch Ischyet. LOCATION MAP
|

D AN MPUTATIONS COMPILED
PART I
Preliminary Isohyetal map,in 2 sheet , scale 11 1,000,000
Precipitation data and mass curves: (Number of Sheets)
Form 5001-C (Hourly precip. data)__ _ . __________________ 38
Form 500i-8 (24-hour * B Yo e s s -
) Form 500I-D (" * * T e A Dt ity b 23
Miscl, precip. records, meteorological data, etec._ _ . o ___ 1
Form 5002 (Mass rainfall curves)_ _ _ __ _ _ _ _ _ _ _ _ ____ _____. lo
PART I

Final isohyetal maps,in 1 sheet , scale 1 : 1,000,000
Data and computation sheets:

Form S5-10 (Data from mass rainfall curves)_____________._. 9
Form S-il {(Depth-area data from ischyetal map)___.________ 3
Form S-12 (Maximum depth-duration data)__ . _________ 11
Maximum duration-depth-area curves_ _ ___ ___ __________ 1
Data relating to perlods of maximum rainfefl . __ __________ 2
MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES-
Area in 5q. Mi. Duration of Rainfall in Hours

12 | 18 | 2, | % | 3 | 45 | 54 | 90

Max, Station |18.9 | 2L.0 | 24.0 | 2L.0 | 21440 | 24.0 | 2.0 | 2.0 | 2l.0
10 |18 [25.h [55.6 | 53.6 1 23.6 | 23.6 | 23.6 | 25.6 | £3.6

100 | U7 [19.2 [19.4]19.6 | 19.7 | 19,8 | 15.8|| 15.8 | 19.8
mﬂ 12-5 1?-6 i'l?.& 1&-0 w.l m-z 18.5| 15-5 15,3‘
SDU 9.? ls&h’ 15-6 lﬁl? 1513 16-1 16l2| 15-2 16-2
1,000 | 7.9 | 13.3 | 13.4 | 13.6 | 13.7 | a0 | 3he1l] 241 | 4.1
2,000 | 6.2 |10.3 | 0.5 | 10.7 | 10.9 | 11.1 | 11.3'| 11.3 | 11.3
5,000 | Lu3 | Te3 | Tali| 745 | 77| 78| 7.9 | 8.0| 8.0
10,000 | 3.0 | 5.3 | Sali| 545 | 56| 57| 58| 5.9 5.9
15,000 | 2.b| Lubi | La5 | L7 | L7 | LeB| L9 | 5.1| 5.1
20,000 | 2.0 | 3.9 | Lal| La2 | Le3 | Lali| La5 | La6| L.b

Form 5-2

Appendix G: Table G.35: Depth-area-duration values for Hallett, OK September 2, 1940
Page 75 of 96



AR ARTMENT CORPS OF EMGINEERS, U 5. ARMY
STORM STUDIES - ISOHYETAL MAP
Storm of Septemper 2-6, (940 Assignment S 2-/8
Study Prepored by:_ 7u/ss Okils District
Seuthwesters ivision

Storm Period_ 90 hours
from 7AM Sept 2

to /[ AM Sepr &

- MASS RAINFALL CURVES -
e & 4 “ -!fﬂ!a_.f. e 2007
. By 1 '{’L_l'na.‘f 'm.g)-f i
; 20/ ! I
R / [
= e e e e e il
,3_ 15 4
=l [ !
[~ = I I
s i / W) Oklg. 10 65"
8 o f = —'————-—Jm-ﬂ-{ ‘?
4 = ! 4 ?‘bfs& :.w.-r,rft«wy & 35"
= ot {Recorcer)ry ﬁhfrnﬁ;m Kaps. 523"
.E. = / T P PP NSRS PR S SR |
<« °r e e el g = —
EI‘ - L= _."' e et riiagron, Nens 387"
- =T icnadf /
5 ol =3 PV s, Sk pom” L 1 | i lp
2 A, &P L s SA . &P A &P 8A [
O T-Iw

Appendix G: Figure G.42 and Figure G.43: Total storm isohyetal analysis and mass curve chart for
Hallett, OK September 2, 1940
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Engle, TX, AWA 83
June 29, 1940
Storm Type: MCC
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|Smm Name: USACE GM 5-11-Engle, TX
|Storm Date: 6/28-30/1940 Storm Adjustment for ANO Grid Point 1
|AWA Analysis Date: :12/17/2013
Temporal Transposition Date 15-Jul
Lat Long Moisture Inflow Direction: WEW @ 90  miles
Storm center location 2068N 97.01'W Grid Point Flevation 400 feet
Storm Rep dew point location 2046 N 9844 W Storm Center Elevation 350 feet
Transposition dewpoint location 35.08N 9476 W Storm Rep Analysis Duration 12 hours
Basin location A531N 0323 W
The storm representative dew pointis 765 F with total precipitable water above sea level of 3.07  inches.
The in-place maximum dew pointis  80.0F with total precipitable water above sealevel of 3.60  inches.
The transpositioned maximum dew pointis  81.0F with total precipitable water above sealevel of 3.76  inches.
The in-place storm elevation is 350 which subtracts 0.08 inches of precipitable water at T6.5F
The in-place storm elevation 1s 350 which subtracts  0.105 inches of precipitable water at 80.0F
The transposition basin elevation at 400 which subtracts 0.12 inches of precipitable water at 81.0F
The inflow barrier'basin elevation height is 400 which subtracts 0.12 inches of precipitable water at 81.0F

The in-place storm maximization factor is
The transposition/elevation to basin factor is
The barrier adjustment factor is

The total adjustment factor is

117
1.04
1.00

1.22

Motes: Storm rep Td rzanalyzed using surafes obssrvations. Storm
rep Td talcen from the 12hr average at KESKF and KRND.

Ohbserved Storm Depth-Area-Duration

& Hours 12 Hours 18Hours : 24 Howrs : 48 Hours : 72 Howrs : 96 Hours : 120 Hours ; 144 Hours
10 =q miles 11.0 17.9 18.6 18.8 22.7 22.7 22.7 22.7 22.7
100 sg miles 10.1 16.5 17.7 17.9 213 213 213 213 213
200 sq miles 9.1 15.6 16.8 17.1 20.7 20.7 20.7 20.7 20.7
300 sg miles 7.4 13.6 153 158 19.7 19.7 19.7 19.7 19.7
1000 sq miles 6.3 1.7 13.0 144 18.5 18.5 18.5 18.5 18.5
2000 sq miles 5.2 9.7 12.2 12.7 16.8 16.8 16.8 16.8 16.8
3000 sq miles 390 7.1 9.1 9.7 13.0 13.0 13.0 13.0 13.0
10000 sq miles 2.9 5.3 6.8 7.3 10.0 10.0 10.0 10.0 10.0
20000 sq miles 2.0 a5 4.6 5.0 7.3 7.3 7.3 7.3 7.3
30000 sq miles - - - - - - - - -
Adj d Storm Depth-Area-Duration
6 Hours 12 Hours 18Howrs : 24 Howrs : 48Howurs | T2 Howrs : 96 Hours : 120 Howrs ; 144 Hours
10 sq miles 13.4 218 22.7 22.9 27.7 27.7 27.7 27.7 277
100 sg miles 123 20.1 216 218 26.0 26.0 26.0 26.0 26.0
200 =q miles 11.1 12.0 20.5 20.9 252 25.2 252 25.2 252
300 sg miles 9.0 16.6 18.7 10.3 24.0 24.0 24.0 24.0 24.0
1000 sq miles 7.7 143 17.0 17.6 216 216 216 216 216
2000 sg miles 6.3 11.8 14.9 15.5 20.5 20.5 20.5 20.5 20.5
3000 sq miles 4.8 8.7 11.1 11.8 15.9 15.9 15.9 15.0 15.0
10000 sq miles 3.5 6.5 8.3 8.9 12.2 12.2 12.2 12.2 12.2
20000 sq miles 24 4.3 5.6 6.1 8.0 8.0 8.9 8.0 8.0
30000 sq miles - - - - - - - - -
Storm or Storm Center Name USACE GM 5-11-Engle, TX
Storm Date(s) 6/28-30/1940
Storm Type MCC
Storm Location 2068 N erw
Storm Center Elevation 330
|Precipitation Total & Duration (10 sg mi) 22.7inches 30 hours
Storm Representative 85T 165F 12
Storm Representative S8T Location 2046 N 9E44 W
|In-place Maximum S8T 300F 80
|Moisture Inflow Vector WSW @ 90
Il.n—place Maximization Factor 1.17
Temporal Transposition (Date) 15-Jul
Transposition Dewpoint Location 3509 N 076 W I
Transposition Maximum SST 310F 81
Transposition Adjustment Factor 104
Grid Point Elevation 400
|Eighest Elevation in Basin 1434
|inflow Barrier Height P
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.22

Appendix G: Table G.36:

Storm spreadsheet for Engle, TX June 29, 1940
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DEPARTMENT OF THE ARMY

STORM STUDIES - PERTINENT DATA SHEET
Storm of 28-30 June 15L0
N T we | Assignment @i 5-1
Location Texas
Study Prepared by:
Southwestern Ddvision
Galveston District Office
Part I Reviewed by H. M. Sec. of
- Weather Bureai, 3-18-1%
Part IL Approved by Office, Chief
a7 of Engineers for Distribution
!;:Eim;' w of Factual Data, 8-26-L7
1 Remacks: Coner st
Area inclossd by 2
@’-‘lt‘ Isohywt. w Dawprt. TT® - Bef. P&, 200 SE
Orid J-15
DATA_AND COMPUTATIONS COMPILED
PART I
Preliminary isohyetal map, in 2  sheet , scale 11,000,000
Precipitation data and mass curves: (Number of Sheets)
Form 5001-C (Hourly precip. dln} ______________________ 53
Form 5001-B (24-hour *  * ). oo e &9
Form 5001-D (= ™ . kot DTt e et f Ty p e e ity -
Miscl precip. records, meteorological data, ete._ _ ____________ 13
Form 5002 (Mass rainfall curves). .. ... ... S i 70
PART I
Final isohyetsl maps,in 1 sheets, scale 11,000,000
Data and computation sheets:
Form S-10 (Data frem mass rainfall curves). ____________. b
Form S5-Il (Depth-area data from isohyetal map) . ___. 1
Farm S-12 (Maximum depth-duretion date)_ . ______ ... 5
Maximum duration-depth-ares curves_ ___ ... ___ . ___._._._.._. 1
Data relating to perlods of maximum reinfall. ..o eoeen. 2
MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES
Area in Sq. Mi. Duration of Rainfsll in Heurs
& 12 18 I 0 L8
10 j11.0 |17.9 |1b.6 |18.8 [22.T7 [22.7 | 22.7 -2-‘?.‘1'
100 |10.1 |16.5 |17.7 |17.9 |20.2 |21.3 [21.3 |21.3
200 | 9.1 |15.6 |16.6 |17.1 |19.3 |20.7 |20.T7 | 20.7
Em T-h 13’.6 15:’ 151-& l?-s 19!? 19*1 1‘91?
1,000 | 6.3 (11.7 |13.9 |1L.L [15.7 [28.5 [18.5 [1B.5
2,000 | 5.2 | 9.7 [12.2 |12.7 |13.7 |16.6 |16.8 (156.8
5000 | 3.9 | 7.1 | 2.1 | 9.7 |10.7 |12.9 [13.0 [13.2
10,000 | 2.9 | 5.3 | &8 | 7.3 ) 8.2 | 9.8 |10.0 |10.2
20,000 | 2.0 | 3.5 | L& | 5.0 | 5.9 | 7.0 7.3 | 7.5
?'5;‘,"00 1.7 | 2.9 | 3.9 | Lo3 | 5.1 | 6.1 | 6.5 | 6.6

form 52

Appendix G: Table G.37: Depth-area-duration values for Engle, TX June 29, 1940
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DEPARTMENT OF THE ARMY COAPS OF EMBINEERS
STORM STUDIES - ISOHYETAL MAP

Storm of ____ 28-%0- June 1940 ~~  Assignment G2 5-11
Study Prepored by: Gslveston, Tex. listrioct
Sautwwestern Clvision e AP

1 PM Jupe 28
1o 7 PM Juna 30

- MASS RAINFALL GURVES
" - |__Engle, Tewas 227"
; = /;--—mmu-. Texas 22 0" |
£ 20 4 { A
z - J.r
g r5; ;’r  ~Cheapside Forcs 12,0

= R '

§ s lv; Hhsorder) ||
¢ - [+ _ . 4=—Yoles Ranch, Teras 7.5"
i SE !r/ Y .
§ of g béz‘;n- TR e e

Appendix G: Figure G.44 and Figure G.45: Total storm isohyetal analysis and mass curve chart for
Engle, TX June 29, 1940
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Bebe, TX, AWA 84

June 30, 1936
Storm Type: MCC
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[Storm Name: USACE GM 5-6-Bebe, TX
[Storm Date: 6/30-7-4/1936 Storm Adjustment for ANO Grid Point 1
|AWA Analysis Date: :12/17/2013
Temporal Transposition Date 15-Jul
Lat Long Moisture Inflow Direction: SSE @ 100  miles
Storm center location 2033N 97.68 W Grid Point Flevation 400 feet
Storm Rep dew point location 27.90N 9750 W Storm Center Elevation 300 feet
Transposition dewpoint location 3388N 93.04 W Storm Rep Analysis Duration 24 hours
Basin location A531N 0323 W
The storm representative dew pointis  78.0F with total precipitable water above sea level of 329  inches.
The in-place maximum dew pointis  79.5F with total precipitable water above sealevel of 3.52  inches.
The transpositioned maximum dew pointis  80.5F with total precipitable water above sealevel of 3.68  inches.
The in-place storm elevation is 300 which subtracts 0.08 inches of precipitable water at T8.0F
The in-place storm elevation 1s 300 which subtracts 0.09 inches of precipitable water at T95F
The transposition basin elevation at 400 which subtracts 0.11 inches of precipitable water at 805F
The inflow barrier'basin elevation height is 400 which subtracts 0.12 inches of precipitable water at 80.5F

—
Motes: Used USACE storm studiss storm rep Td and inflow vector

The in-place storm maximization factor is 107
The transposition/elevation to basin factor is 1.04 and did not adjust for EPRT 12-hr average Td valves.
The barrier adjustment factor is 1.00
The total adjustment factor is 1.11
Ohbserved Storm Depth-Area-Duration
& Hours 12 Hours 18 Hours | 24 Howrs : 48 Hours | 72 Howrs : 96 Hours : 120 Howrs : 144 Hours
10 =q miles 14.0 16.0 16.8 18.0 21.0 21.0 21.0 210 21.0
100 sg miles 12.7 144 14.9 16.1 18.9 19.4 20.2 20.2 20.2
200 sq miles 12.2 13.8 143 154 18.2 18.6 19.3 19.3 19.3
300 sg miles 11.5 13.0 13.4 144 16.7 17.2 17.8 17.8 17.8
1000 sg miles 10.9 12.3 1.6 13.4 154 158 16.5 16.5 16.7
2000 sq miles 10.1 11.4 11.6 12.2 138 143 14.9 14.9 15.2
3000 sq miles 8.1 9.1 9.6 10.0 11.2 11.9 125 12.5 131
10000 sq miles 5.7 6.9 7.6 8.0 9.2 10.2 10.8 10.8 11.5
20000 sq miles 4.0 51 5.6 6.1 7.5 8.5 9.1 9.2 10.0
30000 sq miles 2.3 3.1 3.6 4.1 5.4 6.3 7.0 7.2 7.9
Adj d Storm Depth-Area-Duration
6 Hours 12 Hours 18 Howrs | 24 Howrs ;| 48Howurs : 72 Howrs | 96 Hours : 120 Howrs ; 144 Hours
10 sq miles 15.5 17.7 18.6 20.0 233 233 233 233 233
100 sg miles 14.1 16.0 16.5 17.9 210 215 224 224 224
200 sq miles 13.5 153 15.9 17.1 202 20.6 214 214 214
300 sg miles 12.8 144 14.9 16.0 18.5 19.1 19.7 19.7 19.7
1000 sq miles 121 13.6 14.0 149 17.1 175 18.3 18.3 18.5
2000 sg miles 11.2 12.6 12.9 13.5 153 15.9 16.5 16.5 16.9
3000 sq miles 9.0 10.1 10.6 11.1 12.4 13.2 13.0 13.0 14.5
10000 sq miles 6.3 7.7 8.4 8.9 10.2 11.3 12.0 12.0 12.8
20000 sq miles 4.4 5.7 6.2 6.8 8.3 0.4 10.1 10.2 11.1
30000 sq miles 2.6 3.4 4.0 4.5 6.0 7.0 7.8 8.0 8.8
Storm or Storm Center Name USACE GM 5-6-Bebe, TX
Storm Date(s) 6/30-7-4/1936
Storm Type MCC
Storm Location 2833 N 9768 W
Storm Center Elevation 300
|Precipitation Total & Duration (10 sg mi) 21.0inches 48 hours, 18" in 24hrs
Storm Representative 85T 180F 24
Storm Representative S8T Location 2780N 9130 W
|In-place Maximum S8T T035F 703
|Moisture Inflow Vector SSE @ 100
Il.n—place Maximization Factor 107
Temporal Transposition (Date) 15-Jul
Transposition Dewpoint Location 33.88N 93.04 W I
Transposition Maximum SST 805F 80.5
Transposition Adjustment Factor 104
Grid Point Elevation 400
|Eighest Elevation in Basin 1434
|inflow Barrier Height P
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.11

Appendix G: Table G.38:

Storm spreadsheet for Bebe, TX June 30, 1936
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DEPARTMENT OF THE ARMY CORPS OF ENOINEERS

STORM STUDIES - PERTINENT DATA SHEET

Storm of 27 June - | July 1936

ll'..lth.l oF .*LI-I- M{-"nmlnt a 5_&

Location Mexico, Texas and La.
1 -

I ki L
Dalveston District Office

Part I Reviewed by H. M. Sec. of
Weather Bureau, 3/17/47
Part 11 Approved by Office, Chief
of Engineers for Distribution

of Factual Data, 7/21/u8

i.. ! finel isohyetal map. % ¥ %EE:'_"'%“:‘ -
Area inclosed by
X -lnch isohyet. lewpt. TA? - Ref, Pt. 100 S5E
nch ishye LOCATION MAP lier 1
DATA AND COMPUTATIONS CﬂuPrgE
PART 1
Preliminary isohyetal map, in 1 sheet , scalels 1,000,000
Precipitation data and mass curves: {Number of Sheets)
Form 5001-C (Hourly precip. data)_ _ ____ ________________ 5
Ferm 5001-8 (24-hour ™ " Y e ——em n
Form S001-D (= * " ol e —— —— -
Miscl, precip. records, meteorelogical data, etc. . _ __ _ _ ___ ___ __ 28
Form 5002 (Mass rainfall curves)_ _ _ _ _ _ o .. il
PART IL

Final ischyetal maps, in 1 sheet , scale 1y 1,000,000
Data and computation sheets:

Form 5-10 (Data from mass rainfall curves) ____________._ L
Form S-11 (Depth-ares deta from isohyetal map)_ . __ 2
Form S-12 (Maximum depth-duration data)________________ 8
Maximum duration-depth-mres curves_ ________________.__ 1
Data relating to periods of maximum rainfal___ ______.___ 2
MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES
Area in Sq. Mi.| Duratien of Rainfall in Hours
6 12 118 2L | THET 1301 148 |
10 | l.0s.0 | 16.8| 18.0§ 18.8| 20.8| 210/ 21.0 21.,0| 21.0| 21.0
100 | 12.7 Mh.k | 4.9 16.1 | 17.0 18.4 | 18.9| 19.4| 20.2| 20.2 20.2
200 112.2 3.8 | 1L.3| 15.4 | 16.2) 17.7| 18.2| 18.6| 15.3| 19.3| 19.3
500 |11.5 3.0 |13.L| 14.L | 1L.8] 15,2 16.7 | 17.2| 17.8| 17.8| 17.8
1,000 |10.9 32.3 [12.6|13.L | 13.6) 1L.9| 15.14 15.8| 16.5| 16,5 16.7
2,000 | 10.1 0l.h [ 11.6) 12.2 | 12.4 | 13.4 | 131.8 .30 4.9 | 14.9 | 15.2
%, 000 8.1 9.1 9.6 10,0 10.2| 10.9 | 11.2 11.9| 12.5| 12.5| 13.
10,000 5.7 | 6.9 7.6 B.0| 8.3| B.9| 9.2|10.2|10.8] 10.8| 11.5
2“}” h-n 5‘!1 5-5 6:1 6-6 ?-2 7-5 5-5 ?rl ;—2 10-'0'
50, 000 2.3 |31 36| L L6 5.0 S| 6.3 70|72 | 7.9
100,000 1.2 |1.8 2,3 2.6 3.0 3.4 3.8| uL.6| 5.3|5.7 6.3
Form 5-2

Appendix G: Table G.39: Depth-area-duration values for Bebe, TX June 30, 1936
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DEFSRTMENT OF THE ARMY CORPS OF ENGINEERS
STORM STUDIES - ISOHYETAL MAP
27 _June = 4 July 1936 ni_ (M fief

Study Prepared

by: Gmlveston, Tex. Ufstrict
e ke ¥} n a

1 "™ June 27
1 M July 4

trom
to

MASS RAINFALL GURVES

13,000,000

Potyimne Froject e

Appendix G: Figure G.46 and Figure G.47: Total storm isohyetal analysis and mass curve chart for

Bebe, TX June 30, 1936
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Neosho Falls, KS, AWA 61

September 12, 1926
Storm Type: MCC
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|S(m-m Name: USACE SW 2-1-Neosha Falls, KS
[Storm Date: 11-Sep-1026 Storm Adjustment for ANO Grid Point 1
|AWA Analysis Date: :12/16/2013
Temporal Transposition Date 25-Aug
Lat Long Moisture Inflow Direction SSE @475 miles
Storm Center Location 38.08N 95.70 W 'Grid Point Flevation 350 feet
Storm Rep Dew Point Location 3135N 0380W Storm Center Flevation 1,000 feet
Transposition Dew Point Location 36.00 N 90.58 W Storm Rep Analysis Duration 6 hours
Grid Point Location 3531N 9323 W
The storm representative dew pointis  75.0F with total precipitable water above sealevel of 2.85  inches.
The in-place maximum dew pointis 805 F with total precipitable water above sealevel of 3.68  inches.
The transpositioned maximum dew pointis  79.5F with total precipitable water above sealevel of 3.52  inches.
The in-place storm elevationis 1,000 which subtracts 0.25 inches of precipitable water at 75.0F
The in-place storm elevationis 1,000 which subtracts 0.28 inches of precipitable water at 80.5F
The transposition basin elevation at 350 which subtracts 0.29 inches of precipitable water at 795F
The Grid point/inflow barrier heizhtis 1,000 which subtracts 0.29 inches of precipitable water at 79.5F
The in-place storm maximization factor is 1.31 Notes: DAD wvalues taken from USACE 8W 2-1. Storm
The transposition elevation to basin factor is 0.95 representative dew point value was based on maximum 6-hr
The barrier adjustment factor is 1.00 Td values between September 1, 1926 at WBAN 93236 and
12045
The total adjustment factor is 1.24
(Ohserved Storm Depth-Area-Dy
6 Hours 12Hows | 18Hours : 24 Hours | 30Hours | 36 Hours | 48 Hours | 60 Hours | 72 Hours
1 sq miles 13.6 13.8 14.0 14.0 14.0 14.0 14.0 14.0 14.0
10 sq miles 134 13.7 13.0 13.0 13.0 13.0 13.0 13.0 13.0
100 =g miles 12.2 12.5 12.7 12.7 12.7 12.7 12.7 12.7 12.7
200 sq miles 114 11.7 11.9 12.0 12.0 12.0 12.0 12.0 12.0
300 sq miles 9.5 10.0 10.2 10.2 10.2 10.2 10.2 10.2 10.2
1000 sq miles 7.9 8.5 8.8 8.8 8.8 8.8 8.8 8.8 8.8
2000 sq miles 6.4 7.1 7.3 7.3 7.3 7.3 7.3 7.3 7.3
3000 sq miles 4.3 51 53 53 53 53 53 5.5 5.5
10000 sg miles 2.9 3.8 3.9 4.0 4.0 4.0 4.2 4.3 4.4
20000 sg miles 1.7 2.6 2.7 2.8 2.8 2.8 2.9 33 a5
Adjusted Storm Depth-Area-Duration
6 Hours 12 Hours 18Hours : 24 Howrs | 30Hours | 36Howrs | 48Hours | 60 Hours | 72 Hours
1 sq miles 16.9 17.1 174 17.4 17.4 17.4 174 17.4 174
10 sq miles 16.6 17.0 17.3 17.3 17.3 17.3 17.3 17.3 17.3
100 sq miles 152 15.5 15.8 15.8 15.8 15.8 15.8 15.8 15.8
200 =q miles 14.2 14.5 14.8 14.9 14.9 14.9 14.9 14.9 14.9
300 sq miles 11.8 12.4 12.7 12.7 12.7 12.7 12.7 12.7 12.7
1000 sq miles 9.8 10.6 10.9 10.9 10.9 10.9 10.9 10.9 10.9
2000 sq miles 8.0 8.8 2.1 9.1 9.1 9.1 2.1 2.1 2.1
3000 sg miles 53 6.3 6.6 6.6 6.6 6.6 6.6 6.8 6.8
10000 sq miles 3.6 4.7 48 5.0 5.0 5.0 5.2 53 5.5
20000 sg miles 2.1 32 34 3.5 3.5 3.5 3.6 4.1 4.3
Storm or Storm Center Name USACE 5W 2-1-Neosha Falls, KS
Storm Date(s) 011126
Storm Type MCC-Thunderstorm Complex
Stonn Location 3BOEN 9310w
Storm Center Elevation 1,000
Precipitation Total & Duration 14.00 Inches 18-hours
Storm Representative Dewpoint 150F 6
Storm Representative Dewpoint Location 3135 N 93.80W Aug Sep
Maximum Dewpoint 8305F 793 78.3
Moisture Inflow Vector SSE@ 4735
|In-place Maximization Factor 131
Temporal Transposition (Date) 23-Aug
Transposition Dewpoint Location 36.00 N 3058 W Aug Sep
Transposition Maximum Dewpoint 195F 81 77
Transposition Adjustment Factor 0.95
Grid Point Elevation 350
Hizhest Elevation in Basin 14344
|Inflow Barrier Height 1,000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.24

Appendix G: Table G.40: Storm spreadsheet for Neosho Falls, KS September 12, 1926
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WAR DEPARTMENT CORPS OF ENGINEERS, U.S. ARMY
STORM STUDIES - PERTINENT DATA SHEET

Storm of Sepbember 1l=156,1326
we MMy oot Assignment 8 W 2 = 1

Location Kans, Nebr., Iowa Ko.
Study Prepared by:
Soutlmestern Iivislon
Tulsa Matriet OfTice

Part I Reviewed by H. M. Sec. of
Weather Buresu, /5141
Part Il Approved by Office, Chief

of Enginesers for Distribution
of Factual Data, 65/5
Remarks: Center

near Heosho Falls, Kans,

Ot nam” |

T, TATION P
Preliminary Isohyetal map, in 1  sheet , scale 1 ¢ 2,500,000
Precipitation data and mass curves: (Number of Sheets)
Form 5001-C (Hourly precip. date). - _ _ .. . oooo.-- 8
Form 5001-B (24-hour * ) T — -
Form S001-D (= * . B e o &
Miscl, preclip, records, meteorvlegical dafa, efc. . oo oo oo 2
Form 5002 (Mess rainfall curves). . ____ _____________. 17
PART I

Final isohyetal maps, in 1 sheet , scale 1 & 1,000,000
Data and computation sheets:

Form S-10 (Data from mass rainfall curves) _ .. _______... 0
Form S-il (Depth-area deta from isohyetal map). .. .. 2
Furm 5-12 (Maximum depth-duration date). ..o coeeen—- &
Maximum duration-depth-area curves ..o oo e 1
Data relating to periods of maximum rainfall. - - o coc e 2
MAXIMUM MMGE DEPTH OF RAINFALL IN INCHES
Area in Sq. Mi. Duration of Rainfsll In Hours

6 | 12 | 38 | o | 30 | 36 | 18] 6ol 72| 96 |l
Max, Station. | 13e6| 1348 | 14e0 | 1sa0 | Uie0 | 1o | el | Wia0| U0 | e | W0
0 | .l 13.7| 13.9| 13.9| 13.9| 13.59| 13.9]| 13.9| 13.9| 13.9| 13.9

100 | 12,2 12,5 | 12.7 | 12.7| 12.7| 12.7| 12.7| 12.7| 12.7] 12.7| 12.7

200 | M.b| 11.7| 11.9 | 12,0 12,0 | 12.0| 1®.0| 12.0| 12.0| 22.0| 22,0

500 | 95| 10.0| 10.2 | 10.2] 10.2| 0.2 | 10.2| 0.2| W0.2] 10.L] 0.4

1,000 | 7.9| 8.5| 8.8 8.8| 8.8| 8.8| 8.8 &.8| 8.8 9.0! 9.0
2,000 6s Tel| Te3| Te3| Te3| Ted| TeB| ToB| Te3| 76| Teb
50000 | Le3| Sul| 5.3| 53| 5.3 E:! E:} 5.5| 55| 5.8| 5.8
10,000 | 29| 3.8 3.9| L.0| Luo 0 2| L.3| Loy 5.0/ 5.0
mlm 1‘-? 2-6 Ei? EIB EIB E.E E-g 513 5.5 M z.ﬁ
30,000 | 1.2| 2.0 | 2.1 | 2s2| 242 242 23| 2.8| 30| Lal| Le2

Appendix G: Table G.41: Depth-area-duration values for Neosho Falls, KS September 12, 1926
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WAR DEPARTMENT CORPS OF ENGINEERS, U S ARMY
STORM STUDIES - ISOHYETAL MAP

Storm of _ Septembear (/16 1525 Assignment SH# 2/
Study Prepared by: /U/ss, Ok ;.srncfg
Southwesrern Divisions

A f.blny

Junctiba City N\ . P

Storm Paeriod /¥ hours

trom_2 PM Sept /! SCALE
to_ 8 AM Seot [6 500,05
Frtyssmac Brafestien

MASS RAINFALL CURVES

|

| |

..... IS P R W———E T T
_l_

2
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I

£l

TTrTprTieT

ACCUMULATED PRECIPITATION IN INCHES
m

:

Appendix G: Figure G.48 and Figure G.49: Total storm isohyetal analysis and mass curve chart for
Neosho Falls, KS September 12, 1926
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THRALL, TX AWA 77

September 9, 1921
Storm Type: Tropical
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Storm Name: USACE GM 4-12-Thrall, TX
Storm Date: 9/9-10/1921 Storm Adjustment for ANO Grid Point 1
AWA Analvsis Date: :12/17/2013
Temporal Transposition Date 15-Ang
Lat Long Moisture Inflow Direction: 5@ 2150 miles
Storm center location 305N  9730W Grid Point Flevation 400 feat
Storm Rep SST location 27.00N  0730W Storm Center Elevation 550 faat
Transposition SST location 3L7IN 9323W Storm Rep Analysis Duration 12 hrs
Basin location 3531N 9323 W
The storm representative 58Tis  77.0F with total precipitable water above sea level of 314  inches.
The in-place maximum S8Tis 780F with total precipitable water above sea level of 329  inches.
The transpositioned maximum 55Tis  79.5F with total precipitable water above sea level of 3.52  inches.
The in-place storm elevation is 550 which subtracts 0.15 iiches of precipitable water at 77.0F
The in-place storm elevation is 550 which subtracts 0,155 itiches of precipitable water at T8.0F
The transposition storm elevation at 400 which subtracts 0.12 inches of precipitable water at T9.5F
The moisture inflow barrier height is NIA which subtracts 0.12 itiches of precipitable water at 79.5F

Maotas: USACE analyzed storm rep Td of

The in-place maximization factor is L0s 77 and in place max of 78.
The transposition factor is 1.08 Ela.causa this appara:t'ltly {:D'IIECI}}' captured the stm_mﬂistua: no
The elevation barrier adjustment factor is 1.00 ac]ustmaflt was .mac.a to move from the 12-hr persisting to the 12hr
average oaw points.
The total adjustment factor is 1.14
|Observed Storm Depth-Area Duration
6Hours | 12 Hours 18 Hours 24 Howrs | 30 Howrs | 36 Howrs ;| 43 Hours | 60 Hours | 72 Hours
10 sgmiles; 22.4 208 5.0 6.5 372 7.6 a6 - -
100 sq miles 19.6 26.2 30.7 31.9 326 3290 329 - -
200 sq miles 17.9 243 28.7 20.7 304 30.7 30.8 - -
300 sq miles 15.4 214 156 26.6 273 7.6 27.7 - -
1000 sq miles 134 18.8 229 24.0 246 249 251 - -
2000 sg miles 11.2 15.7 19.5 20.6 212 21.5 21.6 - -
3000 sg miles 8.1 111 141 15.0 159 16.2 16.3 - -
10000 sq miles 5.6 7.7 9.7 10.7 11.8 121 12.2 - -
20000 =g miles - - - - - - - - -
Adjusted Storm Depth-Area-Duration
6 Hours : 12 Hows 18 Hours 24 Howrs : 30Howrs : 36 Hours : 48 Hours : 60 Howrs : 72 Hours
10 sgmiles; 255 3390 308 411.5 423 42.8 42.8 - -
100 sq miles;  22.3 20.8 349 363 371 374 374 - -
200 sgmiles;  20.4 27.6 2.6 338 4.6 349 5.0 - -
300 sq miles 17.5 243 201 0.2 31.0 314 3ls - -
1000 sq miles 15.2 214 26.0 27.3 28.0 283 28.5 - -
2000 sg miles 12.7 17.9 222 234 241 244 246 - -
3000 sq miles 9.2 12.6 16.0 17.1 18.1 184 18.5 - -
10000 sq miles 6.4 8.8 11.0 12.2 134 13.8 13.9 - -
20000 sg miles - - - - - - - - -
Storm or Storm Center Name USACE GM 4-12_Thrall, TX
Storm Date(s) 9/9-10/1921
Storm Type MCC
Storm Location 30359N 9130w
Storm Center Elevation 350
|Precipitation Total & Duration (10 sg mi) 39.7 inches 36 hours, 382" in 24 hours
Storm Eepresentative S5T TT0F
Storm Representative 88T Location 27.00N 130W A 5
|In-place Maximum SST 180F 79 79 AWA
I)\-ioistu.re Inflow Vector S@ 230 18 18 Sunshine Atlas
Iln—plac & Maximization Factor
Temporal Transposition (Date) 25-Aug
Transposition Dewpoint Location JL72N 2323 W A 5
Transposition Maximum S8T 3F 805 773 AWA
Transposition Adjustment Factor
Average Basin Elevation 400
|Highest Elevation in Basin
|inflow Barrier Height N/A
Elevation Adjustment Factor
Total Adjustment Factor 1.14

Appendix G: Table G.42: Storm spreadsheet for Thrall, TX September 9, 1921
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WAR DEPARTMENT CORPS OF ENGINEERS, U. S. ARMY

STORM STUDIES = PERTINENT DATA EHF_ET-

Sterm of 3-10 Sept. 1921

(AN O W we | Assignment @i 4-12

Location Central Texms

Study Prepared by:
Southwestern X vision
Gelveaton Tdstirict Office
& Hydromstecrological Section

Part I Reviewad by H. M. Sec. of
Weather Bureal, £,/20/45
Part II Approved by Offlce, Chief

of Engineers for Distribution

of Factual Data, 11/7/.6
Aemarks: Center near

Thrall (Taylor) Texas

l-r- mnr:u by
(7] finel isshyatal map.

Ares '
OERRR"  ocation mar

TIONS COMP!

PART I
Preliminary Isohyetal map, in _ 1 sheet , scale 111,000,000
Precipltation data and mass curves: (Number of Sheets)
Form S001-C (Mourly preclp. data)______________________ 7
Form 5001-B (R4~hour * L BN e e i _23
Form 5001-D (* *= * i PSR S e —
Miscl. precip. recerds, metecrological data, ate. . _ ____ _______. 30
Form 5002 (Mass rainfall curved) _ _ _ oo 35
BART I '

Final Isohyetsl maps,in 1 sheet , scale 3,500 000
Data and computation shaets: '

Form S-10 a from mass rainfall curves)_ ___________.. R
Form S=1i (Depth-ares dete from lsohyetal MAR).wccceee—a- 2
Form 8-12 (Maximum depth-duration date). ... _38
Maximum duration=-depth-sres curves_ _____ . o o ocooo-- T
Data relating to periods of maximum rainfallc o o oo _—
MAXIMUM _AVERAGE DEPTH OF RAINFA IN_IN
Area In Sg. M, Duration of Rainfall n Heur
& 12 lia 30 (36 18
Max, Statlon| 23.4 |31.8 |36.4 | 28.2 | 39.2 | 39.7 | 39.7
10 |22.4 [29.8 |35.0 | 36.5 | 37.2 | 37.6 | 37.6
100 |19.6 |26,2 |30,7 | 31.9 |32.6 | 329 | 32,9
200 |17.9 (24.3 | 28,7 | 29.7 | 30.4 | 30.7 | 0.8
500 |15.4 |21.4 |25.6 |26.6 |27.3 |27.6 | 270
1,000 |[13.4 |18.8 |22.9 |24.0 | 24.6 | 24.5 | 25.1
2,000 [11.2 |15.7 |19.5 [20.6 |21.2 |21.5 | 21.6
5,000 | &.1 |11.1 |24.1 [15.0 |15.9 |16.2 | 16.3
10,000 | 5.6 | 7.7 | 9.7 |10,7 [11.8 |12.1 |12.2
12,500 | 4.7 | 6.7 | 8.4'| 9.4 |10.3 |10,7 | 20,9
form -2

Appendix G: Table G.43: Depth-area-duration values for Thrall, TX September 9, 1921
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WAR PARTM

STORM STUDIES - ISOHYETAL MAP
Starm of September 8-10, 1921 Assignment _ G £-12
- oot = Inﬂdﬂl

Study Prepared by:

MASS RAINFALL GURVES

- Taylor, Tex, £3.90"
oo /
. F 7
é n:r; fRecorders San Anfonle,Tax., 6.83"
R ‘
!-:—i;—;.&—f-/;ﬁ;dﬁ,#.'.ﬁaﬁ*-—+

Appendix G: Figure G.50 and Figure G.51: Total storm isohyetal analysis and mass curve chart for
Thrall, TX September 9, 1921
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Bonaparte, IA, AWA 70

June 10, 1905
Storm Type: MCC
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[Storm Name: USACE UMV 2-5 Bonaparte, IA
[Storm Date: June 9, 1905 Storm Adjustment for ANO Grid Point 2
|AWA Analysis Date: :12/16/2013
Temporal Transposition Date 30-Jun
Lat Long Moisture Inflow Direction 5@ 155 miles
Storm Center Location 40.7TN  91LTEW (Grid Point Elevation 550 feet
Storm Rep Dew Point Location 3852N 0181W Storm Center Flevation 1.500 feet
Transposition Dew Point Location 40.48N 01.64 W Storm Rep Analysis Duration 12 hours
(Grid Point Location 3450N  95.50W
The storm representative dew pointis  77.0F with total precipitable water above sealevel of 314  inches.
The in-place maximum dew pointis 800 F with total precipitable water above sealevel of 3.60 inches.
The transpositioned maximum dew pointis  80.0F with total precipitable water above sealevel of 3.60  inches.
The in-place storm elevationis 1,500 which subtracts ~ 0.39 inches of precipitable water at 770F
The in-place storm elevationis 1,500 which subtracts ~ 0.43 inches of precipitable water at 80.0F
The transposition storm elevation at 550 which subtracts  0.30 inches of precipitable water at 80.0F
The Grid Point/inflow barrier heightis 1,000 which subtracts 0,30 inches of precipitable water at 80.0F
The in-place mawimization factor is 1.15 Notes: DAD values taken from USACE UMV 2-3. Added
The transposition factor is 1.04 7% to the USACE analyzed storm rep dew point based on
The elevation/barier adjustment factor is 1.00 guidance from EPRI, Nebraska, TRWD.
The total adjustment factor is 1.20
Ohserved Storm Depth-Area-Duration
1Hours ; 6 Hours 12 Hours 18 Howrs | 24 Hours | 30 Houwrs | 36 Howrs | 48 Howrs | 60 Hours | 72 Howrs
1 5g miles 2.0 10.2 12.1 - - - - - - -
10 sq miles 2.0 10.0 12.0 - - - - - - -
100 sq miles 1.9 9.2 11.5 - - - - - - -
200 =q miles 1.8 8.0 11.2 - - - - - - -
300 sq miles 18 8.5 10.7 - - - - - - -
1000 sq miles 1.7 8.0 10.0 - - - - - - -
2000 sq miles 16 7.2 9.1 - - - - - - -
3000 sq miles 1.3 5.8 7.3 - - - - - - -
10000 sq miles 1.0 4.4 5.6 - - - - - - -
20000 sg miles 0.7 3.0 3.9 - - - - - - -
Adjusted Storm Depth-Area-Duration
1Hours | & Hours 12 Hours 18 Hours : 24 Hours : 30 Hours : 36 Hours | 48 Howrs | 60 Hours | 72 Hours
1 =g miles 14 122 14.5 - - - - - - -
10 sq miles 24 12.0 14.4 - - - - - - -
100 sq miles 23 11.0 138 - - - - - - -
200 =q miles 22 10.7 13.6 - - - - - - -
300 =g miles 22 10.2 12.8 - - - - - - -
1000 sq miles 2.0 9.6 12.0 - - - - - - -
2000 sq miles 1.9 8.6 10.9 - - - - - - -
3000 sg miles L6 7.0 8.8 - - - - - - -
10000 =q miles 1.2 5.3 6.7 - - - - - - -
20000 sg miles 0.8 3.6 4.7 - - - - - - -
Storm or Storm Center Name USACE UMYV 2-5-Bonaparte, [A
Storm Date(s) O-Jun-19035
Storm Type MCC
Storm Location 40.7TN 9173 W
Storm Center Elevation 1,500
Precipitation Total & Duration 12.10 Inches 12-hours USACE UMV 2-3
Storm Representative Dew Point T10F 12
Storm Representative Dew Point Location 3852N 9181 W
Maximum Dew Point 300F
Moisture Inflow Vector S@133
In-place Maxmization Factor 1.15
Temporal Transposition (Date) 30-Jun
Transposition Dew Point Location 4048 N 64 W Jun July
Transposition Maximum Dew Point 300F 9 81
Transposition Adustment Factor 1.04
Grid Point Elevation 330
Highest Elevation in Basin 14344
Inflow Barrier Height 1.000
Elevation Adjustment Factor 1.00
Total Adjustment Factor 1.20

Appendix G: Table G.44: Storm spreadsheet for Bonaparte, IA June 10, 1905
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WAR DEPARTMENT CORPS OF ENGINEERS, U.S. ARMY

STORM STUDIES - PERTINENT DATA SHEET

Storm of Jume 9 = 10, 1905
s S . Assignment TNV 2=5
Location 8.E. Ime and W.Cent.I1)

Study Prepared by:
Upper Mississippi Valley
Division

i Rook Island Mstriet Office
e Part I Reviewed by H. M. Sec. of
Weather Bureau, 6/20/10
Part II Approved by Office, Chief
of Enginears for Distributlon

;m-“ h of Factual Data, &/
£ final llmn:yrl'rll map. Remarks: cemters at:
I | ocation wap o B, 1

N MPUTATION ]
PART I
Preliminary [sohyetal map,in 1  sheet , scale 1 4 2,500,000
Precipitation data and mass curves: {Humhr of Sheets)

Form 5001-C (Hourly precip. uﬂ} ......................

Form 500I-B (24-hour * " ) oo o e m—em -

Ferm 5001-D (* * " . ] ...................... (]

Miscl. precip. records, meteorological data, ete._________._.___._ L

Form 5002 (Mass rainfall cueves)__ ___ __ __ __ _ _ __ _____... 19

PART I

Final [sohyetal maps,in 1 sheet , scale 11 1,000,000
Data and computation sheets:

Form S-10 (Data from mass rainfall curves) . _ . ccoon- 2

Form S=<II (Depth-area data from isohyetal map). .- - oo e 1

Form S-12 (Maximum depth-duration date) . cccceoeoan &

Maximum duration-depth-area curves______________._._.__ 1

Data relating to perlods of maximum rainfall_ - - _____ 2
MAXIMUM _AVERAGE DEPTH OF RAINFALL IN_INCHES

Area In Sg. ML Duration of Rainfall In Hours

i g 3 L | 3 1 8 | 19 | 12

Max, Station | 2.0 | L0 | 6.0 | 8.0 | 949 |10.2 | 10.8 | 11.L | 11.9 | 12,1

10 | 240 | L0 | 5.9 | 7a9 | 947 | 1040 | 105 | 1L.2 | 11.8 | 1240
o0 | 1.9 | 3.7 | 5.6 | T.2 | 8. G.2 | 9.8 | 10.5 | 11.3 | 11.5
200 | 1.8 | 3.6 | 5.5 | TaD | 8 8.9 | 9.5 | 10.2 | 11.1 | 11.5
500 | 1.8 | 3. w2 | Gub | ToB | Ba5 | 9.1 | 9.7 | 0.5 | 10.T

1,000 | 1.7 | 3 9| 62| T&4 | B0 | B.6| 9.0 9.8 | 0.0
2,000 | 1,6 | 3,1 | La5 | 546 | 6.7 | Te2 | 748 | 8,1 | B.E | 9.1
5,000 | 1.3 | 2.5 | 3.5 5| 5.2 g:ﬁ 62| 65| Te0 | Te3

L8 | 5:0| 5.4 | 5.6
20,000 | 0.7 | a3 | L1aT | 2l | 2.5 | 340 | Ful | 33| 3.T | 3.9

Form 5-2

Appendix G: Table G.45: Depth-area-duration values for Bonaparte, IA June 10, 1905
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WAR DEPARTMENT GORPS OF ENGINEERS, U S _ARMY
STORM STUDIES - ISOHYETAL MAP

Storm of June S-/0, /905 Assi t v 2-5
' Study Prepored by: _Apck /sind /W, ﬂf;ﬁrgr}m'n iy

Storm Period_/Z2 _hours
from

to__8AM June 10

MASS RAINFALL CURVES

o]
o

LErRfrrrrprrirfrrrryrITTT

- he. fa, (2707
i, e Nerps, 11, 10 0"

38

fa, 282"

m-s,h.xlﬁ' |
S N

ACCUMULATED PRECIPITATION IN INGHES
o

<
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%_

L

[-1)
- ——
e

3

Appendix G: Figure G.52 and Figure G.53: Total storm isohyetal analysis and mass curve chart for
Bonaparte, A June 10, 1905
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